
Incidence of Major Insect Pests of Paddy in 
Relation to Climatic Conditions and 

Cultural Practices: A Study at Raiganj , 
Uttar Dinajpur, West Bengal 

Thesis Submitted to the 
UNIVERSITY OF NORTH BENGAL 

For the Degree of 
DOCTOR OF PHILOSOPHY IN SCIENCE 

By 

KAUSHIK CHAKRABORTY 

Department of Zoology 
University of North Bengal 
Raja Rammohunpur, Dist. Darjeeling 

Pin- 734013 
2009 



llt. 
b32 ·7D95?l14 
c. 425"1_ 



DrD.C Deb 
Professor (Retired) 
Dept of Zoology 
University of North Bengal 

Address: Chhayataru, S.P Mukherjee Road 
Shibmandir 
Dist. Darjeeling, West Bengal 
Pin: 734011 
Telephone: (0353)-258 11 36 
Celi :+09434425808 

CERTIFICATE 

This is to certify that the thesis entitled Incidence of Major Insect Pests of 

Paddy in Relation to Climatic Conditions and Cultural Practices: A Study 

at Raiganj, Uttar Dinajpur, West Bengal embodies the results of original and 

bonafide research work done by Sri Kaushik Chakraborty under my 

supervision. Neither this thesis nor any part of it has been submitted for any 

degree or any other academic awards anywhere before. 

Sri Chakraborty has fulfilled all the requirements prescribed in the Ph.D. 

Ordinance of the University ofNorth Bengal. I am pleased to forward the thesis 

for submission to the University of North Bengal for the Degree of Doctor of 

Philosophy (Ph.D.) in science. 

Date: ~7. 07. :ZUO J 
Place: Univers ity ofNorth Bengal 

~c; -1& 

D. C. Deb 



DECLARATION 

I do hereby declare that the content in the thesis entitled Incidence of Major 

Insect Pests of Paddy in Relation to Climatic Conditions and Cultural 

Practices: A study At Raiganj, Uttar Dinajpur, West Bengal is the outcome 

of my own research work done under the guidance and supervision of Professor 

Debes Chandra Deb, formerly Professor, Department of Zoology, University of 

North Bengal . 

This thesis has submitted neither simultaneously nor before either as such or 

part of it anywhere for any other degree or academic awards. 

Date: 2-.~ . O"t.09 
Place: N01th Bengal University 

Kc>t,~".;Otvv\-K CJ.._~cVo ~7-
~ush ik Clrokrabotty 

Lecturer 
Department of Zoology 
Alipurduar College 
Alipurduar, Jalpaiguri 



DISCLAMATION 

To the best of my knowledge the names (both generic and scientific) of the 

pesticides presented in this thesis are conect. The author and the other 

concerned persons are in no way responsible for the application protocol, 

doses, categories, spectrum of toxicity, etc. of the chemicals mentioned. The 

author makes no warranties, expressed or implied as to the accuracy or 

adequacy of information presented. The chemicals/pesticides used in the 

experiments were selected on the basis of their targeted action acclaimed by the 

manufacturers. The objective was to decide on their efficiency towards the 

targeted action in the IPM programme integrated with locally suitable cultural 

practices. There is, other wise, no intention to undermine their product or 

compositions. Chemicals/pesticides mentioned in the text or taken into account 

for field experimentation were selected simply depending on their availability 

from the market and the accessibility to the farmers. The selection does not 

confer any right that these pesticides are comparatively better that the other 

available in the market. Thus the outcome of the present investigation in no 

way can be claimed or registered as an authentic document of the quality status 

of the products used. 



CONTENTS 

ACKNOWLEDGEMENT ... .. . . . . .. . ... . . . .. . . . . . . . ... ... ... . . . ... . . . ... . . . . . . . .. . . . ... . . . . .. ... 1-11 

ABBREVIATIONS................................................................................ m 

I. INTRODUCTION............................................................................... 1-18 

2. REVIEW OF LITERATURE................................................................. 1946 

2.1 Prevalence and Status of Major Insect Pests ofPaddy... ... ... ... ... ... ... ... 19- 24 

2.2 Abundance, Bioecology and Nature and Extent of Damage Caused by 

Major lnsc;ct Pests ofPaddy... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 25-35 

2.3 Prevalence of Natural Enemies of Insect Pest of Paddy and their 

Efficacy for Pest Suppression...... . . ... . . . ... ... ... . . . . . . . . . ... . . . ... ... ... ... . . . . 36 - 46 

2.4 Management of Paddy Insect Pests by Cultural Methods ....................... 47-55 

2.5 Paddy Plant Protection Scenario in India: A Trustful Reliance on Pesticide.. 56 - 60 

3. MATERIALS AND METHODS............................................................. 61-85 

4. RESULTS AND DISCUSSION............................................................... 86-378 

4.1 Bio Ecology of Paddy Insect Pests and Natural Enemies and their 

Interaction with Climatic Factors ............................................... . 

4.1.1 Seasonal Dynamics of the Insect Pests ................................... . 

4.1.2 Seasonal Dynamics of the Natural Enemies ............................. . 

4.1.3 Interaction Among the Non Pests, Pests and Natural Enemies ....... . 

4.1.4 The Pest and Enemy Guilds, and their Species Dominance .......... . 

4.1.5 Multiple Correlation Study to Show the Variable Mutual 

Interactions of Pests, Natural Enemies and Ecological Factors ...... . 

4.1.6 Formulation of the Forecasting Equation for the Different Pests ... . 

86- 122 

86 

98 

115 

116 

116 

117 

4.2 Dynamics of the Pests in Relation to the Time of Cultivation ................... 123 - 140 

4.2.1 Yellow stem borer.......................................................... 123 

4.2.2 Brown plant hopper........................................................ 126 

4.2.3 Gall midge.................................................................... 130 

4.2.4 Paddy bug............... .. . ... ... .. . ... ... ... .. . ... .. . .. . ... ...... .. . .......... 134 

4.2.5 Quantitative relative yield of paddy in reference to different time 

of plantation ............................................................... . 

4.3 Analysis of the Prevailing Cultivation Practices ............................. .. 

4.3.1 Nature of Cropping Pmctices ............................................ . 

4.3.2 Proportional Field Management Expenditure ......................... . 

4.3.3 Date of Harvest... ......................................................... . 

4.4 Paddy Growth Stage Related Judicious and Minimum Input of Pesticides 

4.4.1 Numerical Occurrence of Pests and Consequent Extent ofDamage. 

139 

141-152 

141 

150 

150 

153 -207 

153 



4.4.2 Numerical Occurrence of Natural Enemies and Consequent of 

Protection... . .. ... . . . ... ... . .. ... ... .. . ... ... ... ... . . . . . . . . . ... . .. ... ... 171 

4.4.3 Growth Stage Specific Application of Pesticides on 

Yield Attributes... .. . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ... . . . . 179 

4.4.4 Study on the Effect of a Particular Pesticide on a Particular Pest.... 188 

4.4.4.1 Evaluation of the Pesticides for Controlling YSB... . . . ... ... . 188 

4.4.4.2 Evaluation of Pesticides for Controlling BPH... .. . . . . . . . . . . . . . 190 

4.4.4.3 Effect of Insecticide on the Activity of gall midge... ... . . . ... . 200 

4.4.4.4 Effect of Application of Pesticides on the Dynamics of 

Paddy Bug... . . . . . . . . . ... . . . . . . . . . ... . . . . .. . . . . . . . .. . . . . . . . . . . . . ... .. 204 

4.4.5 Effect of Pesticide on YSB in Different Season... . . . ... ... . . . .. . . .. .. . 204 

4.5 Growth Stage Specific Application ofFertilizers... ... ... ... ... ... ... ... ... ... 208-232 

4.5.1 Effect oflnorganic Fertilizer............................................. 208 

4.5.1.1 On Yield Attributes... . . . . . . ... . . . ... . . . . . . . .. . . . . . . ... ... ... ... .. 208 

4.5.1.2 On Pest Incidence................................................. 212 

4.5.1.3 On the Incidence of Natural Enemies... . . . . . . . . . . . . . . . . . . ... .. 217 

4.5.2 Application of Organic Fertilizer......................................... 218 

4.5.2.10n Yield Attributes................................................ 218 

4.5.2.2 On Pest Incidence............................................... 219 

4.5.2.3 On Natural Enemies............................................... 220 

4.5.3 Growth Stage Specific Application of Both Organic and Inorganic 

Fertilizers in an Integrated Manner....................................... 222 

4.5.3. I Yield Attributes Resulted from Split Application . . . ... . . . .. . . 222 

4.5.3.2 On the occurrence of Insect Pest................................. 226 

4.5.3.3 On the Occurrence of Natural Enemies......................... 230 

4.6 Assessment of Bionomics of the Major Phototropic Pests.................... 233-254 

4.6. I Light trap Estimation of Yellow Stem Borer (YSB)... ... ... ... ..... ... 233 

4.6.1.1 Dynamics of Different Species of SBs in Relation to YSB 

Abundance... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 3 

4.6. I .2 Seasonality of YSB Broods and Consequent Damages on 

Paddy Plant... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 5 

4.6.1.3 Morphometric Observation on the Prominent Neonatal 

Forms of YSB... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 24 I 

4.6. I .4 Comparative Dynamics of YSB of Two Fields by Light Trap 243 



4.6.1.5 Light trap Collection and Moth Settlement... ... . .. .. . ... . . . 244 

4.6.1.5.1 In Relation to the Growth Stages ofPaddy... ... . 244 

4.6.1.5.2 In Relation to the Trap Setting Time at Night.... 244 

4.6.1.6 Influence ofPhysical and Climatic Conditions on the Moths 

Settlement at Different Distances of Light Trap Zones..... 247 

4.6.2 Light trap Estimation ofBPH... ... ... ... . . . ... ... . . . ... ... ... . . . ... ... . .. 249 

4.6.2.1 Light Trap Estimation Partitioned by Time...... ... .. ... .. . . 249 

4.6.2.2 Coloured Light Trap for BPH Collection... ... ... . . . . . . . .. .. 250 

4.6.2.3 Seasonal Variation ofBPHPopulation and the Reports 

of Hopper Bum ......... .-........................................ 252 

4.6.2.4 Climatic Factors and the Consequences of Hopper Bum... 252 

4.7 Performance of Weed Communities under Integrated Weed Management. 255-283 

4.7 .I Diversity of the field Weeds Communities... . . . . . . . . . .. . .. . ... . . . . . . . . . 255 

4.7.2 Tillage Intensity, Weed Generation and YSB Occurrence............ 258 

4.7.3 Land Preparation Techniques and Species Composition.............. 260 

4.7.4 Tillage Practice, Occurrence of Alternative Hosts and the 

Incidence of YSB... ... . . . . . . . . . . . . . .. .... . . . .. . . . . . . . .. . .. . .. . . . . . . . .. . . . . . 262 

4.7.4.1 Effect of Different Tillage Practices on the Incidence of 

YSB in Relation to the Growth Stages of Paddy... ... . . . . . . 262 

4.7.4.2 Specification of Proper Time of Tillage Practice... . . . . . . .. 263 

4.7.5 Land Preparation Techniques and Paddy Yield Generation........... 264 

4.7.6 Weeding Practices and Weed Generation............................... 265 

4.7 .7 Crop Establislnnent Method and Weed Generation... . . . . . . . . . ... . .. . . . 266 

4.7.8 Effect of Field Weeds Status on the Natural Enemy and Pest Population 268 

4.7.8.1 On the Pest Population.......................................... 268 

4.7 .8.2 On the Natural Enemy Population... . . . . . . . . . . . . ... . . . . . . . . . . 27 4 

4.7.8.3 Water Depth, Weed Management and Pest Abundance... 277 

4.7.9 Field Pest Dynamics ofTransplanted Paddy as Affected by Adopted 

Water. Stress Management Practices..................................... 278 

4.7.9.1 Numerical Abundance....................................... 278 

4.7.9.2 Correlation between the Water Depth and the Pest 

Performance... . . . . . . . .. . . . . . . .. . . .. . . . . . . . . . . . . . . . ... . . . . . . . . . .. 280 

4.7.10 Collective Effect of the Water Stress and the Weeding Operation 

on the Yield Generation... . . . ... ... . . . ... . . . ... ... . . . ... . . . ... . . . . .. . . . . 282 

4.8 Impact of Selected Cultural Practices on the Pest Incidence................. 284-301 

4.8.1 Comparative dynamics of pests in some major crop rotation practices 284 

4.8.2 Relation between Different Paddy Varieties Commonly Cultivated 



by the Fanners and the Extent of YSB Incidence... . . . . . . . . . . . . . . . . . . . 288 

4.8.3 Specification ofN Fertilizer and Hill Distance in Relation to Pest 

Incidence ... . . . . . . . . . . . . . . . . . . . . . ... . . . ... . . . .. . . . . . . . . . . . . . .. . . . . . .. . . . . . . . 290 

4.8.4 Cultivation Practices and the Level of Parasitization of YSB Eggs... 292 

4.8.5 Water Depth, Irrigation Management and BPH Intensity............. 295 

4.8.6 Hill Frequency and Pest Abundance... ... .. . . . . .. . ... . . . . .. . . . .. . ... . . . . 296 

4.8.7 Age of Seedling and Pest Abundance... ... . . . ... . . . .. . . . . . . . ... ... . .. . .. 300 

4.9 Study on the Influence of some Selected Cultural Practices on the Life 

Cycle and Behaviour of the Major Phototropic Pest........................... 302-325 

4.9.1 Detection of the Proper time of Field Scouting in Relation to the YSB 

Brood Emergence... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302 

4.9.1.1 Seasonal Variation of YSB Egg Laying... . . . . .. . . . . . . ... . . . . . . 302 

4.9.1.2 Field Scouting in Relation to the Selection of Cultivar... .... 302 

4.9.1.3 Specification of Time for First Field Scouting in Relation 

to the Availability of YSB Eggs Masses...... ... .. . . .. ... .. . ... . 304 

4.9.2 Cultural Practices, Leaf Area Generation and the Occurrence of 

Brown Plant Hopper......................................................... 306 

4.9.2.1 Temporal nymphal dynamics ofBPH.... .. ... ..... ... ... ... ... 307 

4.9.2.2 BPH Dynamics in Relation to Hill Spacing, Fertilizer 

Application Leaf Area Generation... . . . . . . . . . . . . ... . . . . . . . . . . .. 309 

4.9.2.3 Field size, Border Distance, and Effect of Pesticide and Pest 

Abundance... . . . . . . ... .. . . . . ... . . . ... ... . . . ... . . . .. . ... . .. . . . . . . . . . . 311 

4.9.3 Dynamics of Gall Midge Parasites and Stubble Management............ 313 

4.9.4 Detection of the Proper Hill Spacing in Relation to the Niche 

Specification for the Lady Bird Beetle and the Brown Plant Hopper.. 315 

4.9.4.1 Distribution ofLBB and BPH in Relation to Hill Distances. 316 

4.9.4.2 Distribution of LBB and BPH in Relation to Planting Direction 320 

4.10 Assessment on Pest Induced Yield Loss....................................... 326-337 

4.10.1 YieldLossDueto YSB................................................... 326 

4.10.2 Yield Loss Due to BPH. .. . . . . . . ... ... ... . . . ... .. . . . . ... . .. . .. . . . ... ... ... 328 

4.10.3 Yield Loss Due to GM... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 332 

4.10.4 Yield Loss Due to PB... ... ... ... ... ... ... ... .. . ... ... ... ... ... ... ... ... .. 333 

4.10.5 Yield Loss Due to Agro Ecological Conditions........................ 334 



4.11 Proposal of New pest Management Protocol................................... 338- 362 

4.11.1 Outline of Survey Operation.............................................. 338 

4.11.1.1 Ranking of the Blocks in Relation to the Pest Abundance 338 

4.11.1.2 Gradation of the Villages Depending of Pest Intensity 339 

4.11.1.3 Categorization of the Villages Depending on the Pest 

Intensity .. . . . . . . . . .. . . . . . . ... ... . . . . . . . . . . . . . .. . . . . .. .. . ... . .. . . . .. 340 

4.11.1.4 Categorization of the Prime Factors for a Particular Pests. 341 

4.11.1.5 Generation ofnewETL in Relation to Pest Threshold Level343 

4.11.2 Schematic Corridor Diagram Representing the Flow oflnformation 

System in a Socio-Cognitive Frame Work for the Effective 

Accomplislnnent of the Proposed Pest Control Module .......... . 

4.11.3 Advantages of the Proposed CMs ................................... . 

4.11.4 Assessment of the Efficiency of the New CMs ..................... . 

4.11.4.1 Impact on Pest Bionomics ................................. . 

4.11.4.2 Impact on Natural enemy .................................. . 

4.11.4.3 Impact ofCMs on Weed Incidence ....................... . 

4.11.4 4 Yield Loss and Cost Effectivity ........................... . 

4.11.5 Acceptability of the Recommended Cultivation Module (CMs) .. 

4.11.6 Short Comings of the New model and Future Directions .......... . 

4.12 Knowledge, Attitude and Performance (KAP) of Farmers and Successes 

ofiPM ......................................................... ······ ··· ············ 

4.12.1 Existing Cultural Controlling Methods ....................... . 

4.12.2 Evaluation ofFarmer's Knowledge ........................... . 

4.12.3 Evaluation ofFarmer's Attitude ............................... . 

4.12.4 Evaluation ofPerception ........................................ . 

4.12.5 Shifting Paradigm ................................................ . 

5.SUMMARY .................................................................................... .. 

6. OVERALL IMP ACT OF THE STUDY ................................................ . 

7. REFERENCES ............................................................................... . 

347 

349 

350 

351 

352 

356 

358 

360 

361 

363-378 

363 

365 

370 

372 

376 

379 -391 

392 

393-453 



Acknowledgement 

.Jljter I startetf the worftas a part-time researcher in the C])epartment of 

ZooCogy, Vni'Versity of !North CJ3ennat; I fount! it an uphi{{ tasft to untferta/(J 

the mu!tifacetetf 6ut cfta«enning worft Jfowe'Ver, throngh my 6est efforts anti 

encouragement of the tfepartmenta{ facufties, I trust, I couftf ma/(J some 

positi'Ve progress anti contri6ution. In this artfuous 'Venture, I was greatfy 

inspiretf 6y se'Vera{ personalities as we{{ as authorities. 

I foe{ immense pCeasure to CJ([Jress my tfeep sense of gratitutfe to my 

generous superoisor C])r C]).C,C])e6, Professor, C])epartment of Zoo{ogy, 

Vni'Versity of !North CJ3ennat; 'West CJ3enna{ for his 'Va{ua6Ce guid'ance, 

snggestions, /(Jen anti sustainetf interest, constructi'Ve criticism anti intensi'Ve 

encouragement anti co-operation throngftout my research worft without which 

such in'Vestigation couftf not ha'Ve taft en the present shape. 

I aCso eJQJress my sincere coCossa{ gratitutfe to C])r Su6ir C])utta, Joint 

C])irector of .JlgricuCture ('EntomoCogy), (}O'Vt. of 'West CJ3enna{ for pro'T!itfing me 

witfi necessary faciuties anti infonnation to carry out tfie present 

inwstigation. 

I am intfeetf grateju{ to tfie Jfeatf of tfie C])epartment anti facuCty 

mem6ers of the C])epartment of ZooCogy, Vni'Versity of !Nortfi CJ3ennaC for 

pro'T!itfing me facilities as anti wfien neetfetf. 

'The present worft ftatf recei'Vetf 'Va{ua6{e fie[p reruferetf 6y tfie qo'Vemment 

officioCs, tfie aaministrati'Ve Coca{ 6otfy, Pancftayats of the CJ3{oc/(§ in the 

C])istrict of Vttar C])inajpur, 'West· CJ3ennaC 

'The present worft couftf ha'Ve not 6een compCetetf witfiout the he{p 

ojfere'a 6y C])r. Sa6ita 'l(umar Senapat~ C])epartment of .Jlgricuftura{ 

'EntomoCogy, Vttar CJ3anga 'l(rishi 'lliswa'Vitfyafaya, 'West CJ3ennat; C])r. Joyae'V 

(}hosfi, C])epartment of }lgricuCtura{ 'Entomo{ogy, Vttar CJ3anga 'l(rislii 



A elm owl edgernen 1 

o/iswavitfyafaya, 'West Cf3engaf; ([)r. rr'usfiar 'l(anti qliosaf; ([)epartment of 

}lgricuftura[ 'Entomo[ogy, 'Uttar (}3anga 'l(risfii o/iswa·Ciicfyafaya, 'West Cf3engaf; 

([)r S. (}3 :M.isfira, <JQ:ce 6reeae0 ([)epartment of Pfant CJ3reecfing, CJV1 V , Pus a, 

Samastipu0 Cf3ilia0 ([)r.S.Sen ,Joint ([)irector of }lgricufture (CJ<jce 

([)eveCopment) qov t. of West (}3engaf; <JQ:ce 1?.!searcfi Station, Cfiincfiu-ra, West 

CJ3enga[ ana ([)r. P. :M.aitt~ Jlgronomist, <JQ:ce 1?.!searcfi Station, Cfiincfiura, West 

(}3enga[ I am grateful to a[[ of tfiem 

I e.i(jena my sincere tlianfl to P.ranesfi :M.afiato, jlssistant teacfie0 

~Nanaprasaa Jfigfi scfioof; 1Va/(jfia[6ari, ([)atjeefing ana Smt Sikjw ([)ef(_a, 

([)epartment of ZooCogy, qauliati Vni·versity, quwaliati for tfieir continuous 

cooperation ana fie{p. I was afso inspired" 6y tfie tenaer stuaents of 

:M.afiarajafiat Jfigfi Scfioof; :M.afiarajafiat, 'Uttar ([)inajpur. Sincere tfian/(} is 

a[so e.i(jenaea to Sri Suprio ([)as, 1?.!searcfi Scfiofa0 'Entomo[ogica[ unit, 

([)epartment of Zoo fogy, }l.(}3.1{ .Sea[ Co«ege, Coocfi6efiar ana Jfi[{o[ Sa·rf<.sz0 

Cf'ina[ year stuaent in tfie Pfi.([). course in tfie ([)epartment of }lgri.cuftura[ 

'Entomo[ogy, Indian }lgricuftura[ 1?.!searcfi Institute, J{ew ([)e[fii 

I afso gratejuf{y ac/(Jww[eage tfie ·va[ua6[e fie[p ta/(!n from my aear 

researcfi scfiofar-co«eag ues. 

I awe my gratituae to a[[ tfie farmers of tfie tfiree 6[oc/(} wfiere I 

wor/(!d; to stretcfi tfieir mint! witfi fuf[-!ieartea cooperation in tlie rigorous 

fieU ex:periments. 

I must mention tfiat I am privi[egea 6y tfie spontaneous encouragement 

from my fami{y mem6ers, my fattier sri Sfiyama[ Cliaf<ra6orty, my motfier smt 

'l(atfia C!iaf<ra6orty, my accfaimea aaorea ana 6efD'vea wife smt Lopa 

Cliaf<ra6orty ana my Citt[e son 'Pi/ifu '. rwl.tfiout t!ieir sacrifice compfetion of 

tfie worflcouU fia·ve 6een impossi6[e. 

II 

}\CWV<?t~ c;~~~w;.;
~usliiflChakfa6ort}.__ / 



Abbreviations 

LIST OF ABBREVIATIONS 

AC Above canopy NBP Need based protection 
ASP All stage protection NSP No growth stage protection 
BOC Base of the canopy Org.F Organic fertilizer 
BP Bora paddy PB Paddy bug ( Gundhi bug) 
BPH Brown plant hopper PG Parasitized gall 
BSL Basal application of fertilizer PIS Panicle initiation stage 

C:B Cost : benefit PSB Pink stem borer 

C:N Carbon to nitrogen ratio RH Relative humidity 

CM Cultivation module RHavg Average humidity 

DAA Date after (pesticide) RHgr Humidity gradient 

application RHmax Maximum relative humidity 

OAF Days after flowering RHmin Minimum relative humidity 

DAL Damaged leaf area RP Recommended practice 

DAS Days after sowing Rp Ripening stage 
OAT Days after transplantation SBP Schedule based protection 
DBA Date before (pesticide) SBs Stem borers 

application SD Single dose 
DBT Days before treatment SDl Application pf pesticide at 
DD Double dose one growth stage 
DH Dead heart SE Standard error 
DSP Double stage protection. SES standard evaluation system 

ETL Economic threshold level. Shr Sunshine hour 

FT Fertilizer combinations SMW Standard meteorological 

GM Gall midge week 

HI Harvest index ss Silver shoot 

HW Hand weeding SSP Single stage protection 

HYV High yielding variety Tavg Average temperature 

In.Org .Finorganic fertilizer TD Triple dose 

KAP Knowledge, attitude and Temp. Temperature 

perception of farmer Tgr Temperature gradient 

KP kharif paddy Tmax Maximum temperature 

L/B ratio Ratio length and breadth Tmin Minimum temperature 

LAI leaf area index Tr Tillering stage 

LBB Lady bird beetle UG Unfilled grain 

LTR Light transmission ratio Vg Vegetative stage 

LYV local yielding variety WAT Weeks after transplantation 

MS Moderately WH Whitehead 

susceptible variety WSB White stem borer 

MTS Maximum tillering stage Wvl Wind velocity 

NAF Not adopted by farmers YSB Yellow stem borer 

NBC Natural bio control 

111 



lntroiluction 



Introduction 

'Agriculture occupies a pride of place in the Indian economy contributing 

a little less than 34% of national income. About 64.3% of the working people 

depend upon agriculture and share 50% oflndia's export. Food crops constitute 

a major part in Indian agriculture covering an area of about 75 % of the total 

cropped area and contribute to about 50 % of the total value of agricultural 

production. India is the second largest producer of paddy. It has about 28 % of 

the world's area under paddy cultivation which covers 37% of the cultivated 

area in consideration of all kinds of cereals in India (Lenka 1998). ' 

The green revolution has been ascribed as chain reaction (Over 1979), 

accelerating technological innovations and thereby introducing unforeseen 

problems (Havens eta/. 1973). Such intensification is defined as "an increase in 

resources devoted to rice cultivation" (Loevinsohn 1987). Production increase 

came from more area planted with rice (32%), from irrigation and double 

cropping (25% ), from fertilizers (22% ), and from the inherent higher yielding 

quality of modern varieties (21%) (Pingali and Garpacio 1997). Increased use of 

machinery and pesticides are other contributing factors for improved rice 

productivity. 

Intensive rice monoculture systems popularized by the green revolution 

have created an environment that is conducive to insect pest growth (Pingali and 

Garpacio 1997). Promoting the widespread and indiscriminate use of 

insecticides and introducing a limited number of rice varieties for use on a very 

large scale and replacing the diverse array of varieties grown previously are the 

major factors responsible for the rapid multiplication of rice pests and diseases. 

The deep realization of such situation was evoked by the declaration of the 

'International Rice Year 2004' for 'sustainable bio-friendly grain 

production' by improved cultural practices. 

The rice (paddy), Oryza spp, of the grassy family Gramineae, is 

extensively cultivated in humid and warmer climates, especially in the 

Eastern part of Asia. The word 'Ou/iz' of the 'Ningpo ' dialect of old Chinese 

language became 'Oruz' in Arabic and 'Oryza' in Greek languages, and became 
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'Ritz' and subsequently rice (Grist 1965, Oka 1988). Some are ofthe opmmn 

that the word rice is a derived offshoot from the Tamil word 'Arisi ' . 

. The genus Oryza contains about 23 species, out of which two species 

are domesticated, namely, Oryza sativa native to Asia and Oryza glaberima 

native to Africa (Vaughan 1994). Oryza sativa has evolved into three races, 

Indica, Japonica and Javanica having a wider adaptability and grows from 

North Korea to South America and from sea level to the elevation of about 

2,600 meter. (Jumla, Nepal)(Takahashi 1984, Scott et al. 2003). 

Presently the two major rice varieties grown world wide are Oryza 

sativa indica and Oryza sativa japonica. The beginning of rice domestication 

in India is not yet definitely" known, and hence remains a matter of conjecture. It 

seems to have appeared around 1400 B.C. in southern parts of India after its 

full domestication in the northern plains oflndian subcontinent in around 

2000 B.C. (Yoshida 1981, Morishima 2003). 

Rice provides about 80% and 33% caloric intake of two billion Asians 

and one billion people of Africa and Latin America respectively (Chang 1984). 

Asia leads the world in paddy production accounting 90% of worlds' paddy 

supply. Among the Asian countries, China tops the list accounting 3 6% of the 

worlds' production and India ranked second producing about 20% (Misra 

2004). The share of other countries are Indonesia 6%, Bangladesh 5%, Japan 

5%, Thailand 4%, Vietnam 3%, Burma 3%, Brazil 2%, South Korea 2%, 

Philippines 2%, USA I% and Pakistan I%. Considering productivity, China 

(4407 Kglha) is next to USA (6788 Kglha) which is far above the world average 

rate (3033 Kg I ha). India ranks 7th (1986 Kg /ha) (Gulati eta!. 1990) (Fig. I.!). 

The prominent zone of paddy cultivation is particularly restricted to the 

south East Asia. The world wide production of rice is 596.5 million tones with 

an average productivity level of 3.8 ton/ ha (F AO data base 2000). About 95% 

of the world's total rice is produced in developing countries and 92% of it is in 

Asia with productivity level of3.9 tonlha. Of the 147.5 million hectare of land 

devoted to rice cultivation world wide, Asia accounts for 90% (132.1 million 

hectare) (Fig.1.2). 
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Among the prominent five agro ecological zones (AEZ) of India, rice is 

mainly cultivated under AEZ1 (worm and semiarid), AEZ2 (warm sub humid) 

and AEZ6 (warm sub humid with summer rainfall). Rice as prime cereal food 

grain ofthis country and constitutes 44.87% of the total cereal production and is 

grown in about 44.6 million hectares of which 24.6 m.ha comes rain-fed 

land having a diversified moisture regimes and different ecological situations, 

like rain fed upland (7.1 m.ha) favourable low land (10.0 m.ha) unfavorable 

low land (6.0 m.ha) and deep water ecosystem. The productivity in the 

irrigated ecosystem ranges from 2.3 ton I ha to 3.5 ton I ha, while rain-fed 

ecologies of shallow lowland, deep water and upland register average 

productivities of 1.6, 1.0, and 0.5 ton I ha respectively and require high doses 

of pesticidal protection (Agricultural Statistics at a glance, 2000. Agricultural 

Statistic Division, Directorate of Economics and Statistics, Department of 

Agriculture and Cooperation, Ministry of Agriculture, Govt. ofindia). 

West Bengal leads top among the states of India both in production 

(15.26 mt) and productivity (2414 kglha) which is increasing rapidly (Figs.l.3a 

and b ).The next states are Uttar Pradesh (2120 kglha) and Andhra Pradesh 

(2978 kg/ ha). West Bengal contributes to 15% of the country's total production 

having only 2.7% ofindia's geographical area. In West Bengal rice is grown in 

diverse agro-ecological situations. There are three distinct rice growing season, 

viz, aus I autumn rice (March to July in Northern parts of Bengal and May to 

October in South parts of Bengal), amon I winter rice (June to December) and 

boro I summer rice (December to May). (Statistical Hand Book of Agriculture, 

Bureau of Applied Economics and Statistics, Govt. of West Bengal). 

Studies by Saha and Swaminathamn (1994) and Rawal and 

Swaminatham (1998) are the opinion that the rapid growth of paddy cultivation 

in West Bengal brought about primarily by an expansion in the irrigated 

boro (Summer) crop, extensive use of HYV's of seeds, adoption of riew 

cultivation techniques, application of both newly evolved chemical pesticides 

and fertilizers. 
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Mukherjee eta/. (1996) and Pillai eta/. (2001) also share the same opinion. It is 

found that the farmers have an ever increasing trends in the adoption of 

HYV's during 1986-1987 ( 52% in amon and 24% boro season) to 1991 -

1992 ( 62% in amom and 72% in boro season). Such activities necessitates 

the requirement of newer brands of pesticides and fertilizers making a 

dynamic change in the insect pest complexities (Bramble 1989). 

Observation on the relative application of different types of pesticides 

throughout the world by David (1992) shows a higher tendency of application 

of insecticides in India than the average value of the world in general. Study on 

the proportional application of different types of pesticides in paddy field 

throughout the country shows that in West Bengal, insecticide application was 

far above the national level. Rate of application is .much higher in kharif season 

than in the boro season Such observation is also supported by the contemporary 

reports published by Govt. oflndia (Figs.l.4a and b). 

Statistically, in West Bengal the District Uttar Dinajpur ranks 13th in 

terms of rice production having an average productivity of 1995 kg I ha. 

Among the nine administrative blocks of this District the three adjoining 

blocks . namely Raiganj, Hemtabad and Itahar offer a diversified cropping 

zones, both irrigated and rain fed, high and low lands with varied agro

ecological conditions for both local and high yielding varieties (HYV' s) 

production (Figs.l.5a and b) (Directorate of Agriculture, Evaluation Wing, 

Govt. ofWest Bengal, 2001). 

The agro ecological situation (humidity 64.30- 98.31% and maximum 

and minimum temperature 19.7 and 27.9 respectively) and socio-economic 

background (36% small farmer and 58% marginal farmers) of this region 

constitute a congenial environment for paddy cultivation on a commercial 

scale. In view of the improving irrigation technology, a declining rate of 

cultivation of autumn rice in lieu of HYV' s and jute cultivation was noticed in 

the northern districts of West Bengal inclusive of the District of Uttar Dinajpur 

(Pal et a/.1980). 
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Prolonged continuous croppmg, monoculture, technically sound 

irrigation, newer brands of pesticides and fertilizers, adoption of HYV' s 

with a cropping intensity more than 189% often increase the vulnerability of 

the crops to insect pest attack and favour multiplication and carry over 

of the insect pests (District Annual Plan on Agriculture, Uttar Dinajpur, 2004-

2005). Available average data of four consecutive years indicate that the use 

pattern of inorganic fertilizer differs considerably throughout the year in the 

three blocks namely Raiganj, Hemtabad and Itahar in the district of Uttar 

Dinajpur; accordingly the status of pest infestation differs indicating that the 

fertilizer itself has a relation to the pest structure (Fig.l.6). 

The adoption of variety for cultivation in the three blocks showed 

heterogeneity. High yielding varieties were cultivated with priority in the blocks 

Raiganj and Itahar while in Hemtabad; very little preference of HYV s is given 

for summer and winter crops. Cultivation of HYV's in the autumn season is 

restricted to all the three blocks. Local varieties are mainly cultivated in the 

winter season in all the blocks (Fig. I. 9). 

In order to overcome the problems of hazardous effects of the toxic 

residues of broad spectrum synthetic pesticides on the perishable crop like 

paddy, it is necessary to evolve a safe pest management strategy particularly 

in the District of Uttar Dinajpur of West Bengal where no investigation, 

even of preliminary nature, has yet been carried out and little attention is 

given to the recommended common !PM practices. Therefore, a thorough 

study on incidence of insect pests and their natural enemies in relation to 

prevailing weather conditions, quantification of loss, suggestive application of 

insecticides, judicious proportional use of inorganic and organic fertilizers, 

calculation of cost effectivity are essentially required to consider in compatible 

. with other holistic approach so that an !PM strategy can be evolved which 

should be specific for this region. 

Gunathilangaraj and Kumar (1997) listed 537 pests of rice from India 

which includes 385 species of insects. Panwar (2002) reported 80 insect species 

having major economic significance m rice in India. Prakasha Rao (2004) 
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observed that about two dozens of insects have been found as the key 'biotic 

stresses' on rice in different. agro-ecological situation through out India. 

In the area of experimentation, paddy is attacked by a number of insect 

pests (District Agricultural Hand Book, Uttar Dinajpur 2004). Estimation by 

the Regional Rice Research Institute, Chinsurah, West Bengal depicted a list 

of nearly 15 major insect pests of regional importance having potentiality of 

damage depending on agro-ecological conditions through out West Bengal. 

Variations in the population status and their magnitude of damage depend 

on the adopted cultivation procedure and field crop management methodology 

(Eastern India Rain fed Low Land Shuttle Breeding Programme: Annual 

Progress Report, 2002, RRI, Chinsurah). 

Cramer (1967) observed a very high paddy grain loss in Asia (>50%) 

moderate Joss in Africa (34%) and relatively low in Oceania (13%), America 

(25%) 11nd Europe (15%), while Oerke eta!. (1994) estimated more than 50% 

loss in Asia, Africa, America and slightly less loss in Europe and Oceania. 

Savary et at. (2000) attempted to evaluate the loss of field paddy grain and 

deterioration due to the insect pest and found nearly similar result. Pest induced 

yield loss in tropical countries has been estimated to vary from 35-40 %, 30 % 

in India and 16-30 % in Philippines (Teng et at. 1993). The extent of loss is 

intensified up to 25 % under modern agricultural situation with the adoption of 

HYV's amounting to an annual loss of rupees 94680 millions (Dhaliwal and 

Arora,1996). Kenmore (1987) observed that crop losses were comparatively 

low under irrigated pest control programme. Bhattacharyya et at. (2007) 

attempted to formulate a more realistic model to evaluate the pest induced loss 

and found the pattern of loss is season dependent. 

Investigations on the food web studies of paddy crop ecosystem (Roger 

et al.l991, Heong et a/.1998), predator and parasitoid biology, ecology and 

impact (Shepard et a/.1987, Kamal et a/.1990) have highlighted the high 

potential biodiversity of paddy field fauna, including natural enemy richness 

(Dale, 1994, Schoenly et a!. 1998, Kaur 2001). Injudicious use of pesticides 

and chemical fertilizer disturb the balance due to the effect imparted on 
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the natural enemy population and other beneficial organisms (Kumar et al. 

2000, Lawler 2001), calling to formulate a more reliable cropping system 

approach called Integrated Crop Management (ICM). 

Synthetic or inorganic fertilizers may catapult short term increase 

m paddy cultivation (Agnihotri 2000), but exerts ill effects on environment 

and all living beings (Ciftcioglu et al. 2006, Gamlin et a/. 2007 ). Chemical 

pesticides and biocides are well known hazardous toxicants with cumulative 

and long range impacts causing a real threat to ecological security (Bull 

1982, Berg 2001, Dash et al. 2003) Agrochemicals of broad spectrums are 

highly potent and agile to enter into the food chain (Knight et al. 2005). Their 

concentration increases with every successive trophic levels in paddy agro

ecosystem leading to bio-concentration, biological magnification or biological 

amplification (Senapati et al. 1988, Sontakke 1998). Rampant application of the 

agrochemicals leads to the gradual increase in the resistant insect species 

throughout the world (Figs.!. 7a and b). 

Basically, the conceptual origin of the IPM for crop protection lies 

m the background of such over dependence and excessive use of corrosive 

chemical pesticides following world war II and their subsequent unfavourable 

consequences (Greene eta/. 2002). Often the target pest species have become 

tolerant to pesticides and no longer can be controlled economically with 

chemicals due to pesticide resistance (Fleischer et al. 1999). Further with the 

removal of the predator and parasites, many of the species returned at much 

higher number causing pest resurgence or 'flareback' (Kalode 1976, Jayaraj 

1987). Brown plant hopper resurgence has been well documented in India 

(Chelliah et al. 1980, Raman et al.1983, Krishnaiah et al.2006, Bhavani 2006) 

and in other Asian countries. Following the repeated applications of pesticides 

to push back the population otherwise results in 'pesticide treadmill effect' 

(Altieri 1995). Often the population of non target insect species may increase 

in number to damaging level following pesticide treatment and attain the 

status of serious pests collectively called secondary pest outbreak (Kiritani 

1972, Pathak 1977 ). 
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Furthermore, insecticidal suppression of biocontrol agents such as 

parasitoids and predators leads to pest resurgence and secondary pest outbreak. 

Therefore, the strategy of IPM should be based on safe pesticidal 

application and low inorganic fertilizer input without any compromise to the 

yield as far as practicable. 

Stern et al. (1959) coined the concept of integrated control in which 

the beneficial actions of biological control agents were supplemented 

with pesticides. In short, Geier and Clerk (1961) have called this concept of 

pest c~ntrol as protective management of noxious species of pest, a 

management in which all available techniques are evaluated and considered into 

a unified programme to manage the pest population. The concepts of protective 

population management later shortened to pest management (Geier 1966) 

gained considerable exposure at Twelfth International Congress of Entomology, 

London (Waterhouse 1965). Perkings (1982) forwarded the view of the total 

pest management (TPM) conducted on the large geographic areas coordinated 

by organizations rather than by individual farmers. National Research Council 

Board of Agriculture, USA proposed a new paradigm termed ecologically based 

pest management (EBPM) replacing IPM for long term sustainability and 

without adverse environmental consequences (Gazzoni 1994). Pimbert (1993) 

viewed" the role of IPM practitioners as catalysts and advisers, searcher and 

suppliers, supporters and consultants, facilitators and removers of the hindrance 

of the production. 

The agendum 21 of the United Nations Conference on Environment 

and Development (UNCED) at Rio de Janeiro in June, 1992 identified IPM as 

a controlling measure required for promoting the sustainable agriculture 

and rural development. 

The first reference to the use of cultural control practices by the adoption 

of age old cultivation methodology in India is found in the book The 

Agricultural Pests of Eastern and Southern Asia by Balfour (1887) advocating 

the use of crop rotation involving cereals and pulses and clean farming for 

minimizing the damage by insect pests. Ayyar (1938) in Hand Book of 
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Economic Entomology of South India narrated a list of prophylactic practices 

and put stress upon the cultural practices for pest control. 

Utility of modern IPM in rice cropping system has emerged as a 

multi-factorial cropping system approach known as component technology of 

rice production. The evident advantages of this approach are marked by the 

reduction in the use of chemical pesticides, with measurable benefits to the 

environment, households save on cash, while crop yields tend to increase owing 

to better crop management (Jiggins 1996). 

Taking the philosophy of such technology, a number of successful 

integrated pest control programmes have been initiated in India (Premchand 

1984, Tripathy et a/.1999, Rao eta/. 1999), Bangladesh (Nurzaman eta!. 2000, 

Islam et a/. 2004), The Phillippines (Marciano et al. 1981 ), China (Hu et 

a/.1997), Pakistan (Quddus eta/ .2004) and Indonesia (Pincus 1994, Karimuna 

2004). 

The Indonesian rice IPM model, became the role model for the 

countries participating in FAO-IPC for IPM in Asia (Vade Fliert 1993). At 

the first phase of the FAO programme (1980-86) the model was tested to focus 

on developing the technical aspects of the IPM concept in its seven participating 

countries: India, Bangladesh, Indonesia, Malaysia, Philippines, Sri Lanka and 

Thailand. The key success of the programme in Indonesia was the banning of 57 

broad spectrum organophosphate, pyrethroid and chlorinated hydrocarbon 

insecticides (Kenmore eta/. 1985). 

Major emphasis of Philippine's IPM programmes has centered on the 

use of resistant varieties (Pathak et a/.1982). But the insect resistant genes 

could spread into wild or weedy races enhancing there invasiveness (Song eta/. 

2003) and thus challenges the safety and sustainability (Rao et a/. 1995). 

Furthermore, the consistent use of the newer resistant varieties causes resistance 

breakdown, particularly against Brown Plant Hopper (BPH), Nilaparvata lugens 

(Stal.) (Heinrichs et al 1985, Kenmore 1996). In China IPM is based on 

pest forecasting, cultural . control practices and limited use of Industrial 

chemicals. 
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In India, the first IPM programme in rice was started at Cuttack, Orissa 

m 1975 covering an area of about 1000 ha in 10 villages (Brader 1979). 

Subsequently an operational research project (ORP) was instituted on integrated 

control of rice pests at 6locations in 5 provinces (Krishnaiah et al. 1985) . 

.In 1980, food and agricultural organization of United Nation (FAO) 

initiated on inter-country programme for IPM in paddy production. India, 

being one of the seven countries involved with such programme, showed an 

intensification of IPM promotional activities in installed 26 IPM centers and 

by the establishment of Farmers Field School (FFS) (Pincus 1994, Eveleens 

eta/ .2000). The field schools are designed to build up farmers' understanding 

the agro-ecological relationships and to improve their capacities to 

systematically observe, document and interpret these. From 1994-95, Farmers' 

Field Schools (FFSs) have been started in Andhra Pradesh, Kamataka, 

Maharashtra, Punjab, Uttar Pradesh and several other states . 

. In India, IPM programmers are being led by the Directorate of Plant 

Protection, Quarantine and Storage, Government of India, Ministry of 

Agriculture for the developmental activities, Indian Council of Agricultural 

Research and State Agricultural Universities for Research, Education and 

Training Activities and State Department of Agriculture for Extension Works. 

Based on the experiences gained through the bio control programme during Vth 

and VIth 5-year plans, survey and surveillance of insect pests and natural 

enemies during VIth and VIIth 5-year plan, and IPM demonstration at farmers' 

field during VIth 5-year .plan, IPM was adopted as core plan protection 

activities during the VIIth 5-year plan. 

Execution of the generated knowledge requires a thoughtful scientific 

attitude of farmers and their perception to mobilize it (Bandyopadhyay eta/. 

2000, Dalvi et a/. 2004). Farmer's innovations are the only source of 

improvements in crop production and protection technology (Harverskort et a/. 

1991). Local Ideas can then be further developed in a creative participation 

process that integrates the dynamics of indigenous and formal scientific 

knowledge (Singh et a/.1994) 
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Placing the farmers at the centre of development process is wholly 

consistent with the present IPM goal of making the farmer a confident manager 

and decision maker, free from dependence on a constant stream of pest control 

instructions from outside. A number of terms have been proposed for the new 

approach like: Farmer-first-and-last, farmer participatory research, people

centered technology development (PCTD) and participatory technology 

development (PTD) (Chambers eta!. 1991). 

-In order to achieve this goal, strengthening the dynamics of indigenous 

knowledge of the farmers along with formal science requires a promoting local 

innovation (PROLINNOV A), in global partnership. PROLINNOVA builds on 

and seeks to scale farmer based R & D approaches that start with discovering 

how farmers carry out informal experimentation to develop and test new ideas 

for improved use of natural resources and relies on the Conventional Cultural 

Methods and Low Input Sustainable Agriculture (LISA). The philosophy of 

PROLINNOV A is carried out by different institutions throughout the world 

such as by International Centre of Insect Physiology and Ecology, Kenya 

(ICIPE), International Pest Management Working Group (IPMWG) and 

Coope~ative Research Centre for Tropical Pest management, Australia 

(CRCTPM). 

The International Workshop held in Leipzig, Germany in 2003 

formulated a platform for Knowledge Assessment and Sharing on Sustainable 

Agriculture (KASSA). The ideology of KASSA is presently in practice in rice

wheat consortium oflndo-Gagetic plains which requires local information. The 

parametrical evaluation of the Knowledge, Attitude and Perception (KAP) 

is required to evolve for better application strategy. Sehgal et al. (2001) have 

found that the dynamics and severity of pest attack in the Indo-Gangetic Plains 

(IGP) have shifted with the adoption and spread of the rice-wheat crop rotation 

in the last three decades. 

At national level for the effective cooperation and execution of the 

generated view of KAP, several institutions with effective programmers are 

active like All India Coordinated Crop Improvement Programmers, National 
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Remote Sensing Agencies, National Information Centre Network, National 

Horticulture Board and Development of Plant Protection. 

Under a minimum input of pesticides and a low inorganic fertilizer 

management as evoked in the component technology of rice production, the 

primary objective is to replace the external inputs with the locally available 

knowledge, adaptive modification of the existing management skills, effective 

utilization of the natural products which recalls the ancient Indian farming 

practices, the organic farming (La! et al. 1985). Organic farming is a 

connotation to the hypothesis of the natural green farming and is completely 

relies on natural products which are used scientifically at right time in right 

proportion. 

The cultural control of insect pests is the tactical use of regular farm 

practices to delay or reduce insect pest attack (Lawani 1982). Cultural measures 

involve the manipulation of the agro ecosystem to make it unfavorable for 

insect pests and more suitable for crop growth and natural enemies of the pests. 

Cultural practices have potential components of IPM for farmers in the tropics 

because they are simple, effective, convenient, environmentally safe and 

socially acceptable, econm:nically feasible, and do not require any limitation 

posted by pesticides to the environment, human health and development of pest 

resistance. 

In order to meet the food requirements of the fast -growing human 

population, a 65% production increase would have to be met with, within the 

next 30 years, without much expansion of the actual cultivated area (Roger et 

al. 1991 ). But if the issue of organic farming is a mandate, there will be 

20% decrease in fields, a 50% loss due to global shortage of organic N 

fertilizer (Winter 2000). The phenomenon thus is likely to result in food 

shortages aggravating due to a constant rise in population. Global monitoring 

has shown that withdrawing chemical pesticides makes losses significantly 

worst. Knutson et al. (1990) claimed that in USA the yield of crops grown 

without pesticides was reduced by 24 % for wheat, 32 % for corn, 37% for 

soybean, 39% for cotton, 57% for rice and 78% for groundnut. 
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Sensing the reality, it is more time appropriate to initiate an 

integrated use of organic and inorganic fertilizer and minimum 

application of toxic agro chemicals with a better utilization of cultural 

practices. Very restricted success of IPM programme is achieved in the district 

Uttar Dinajpur (Fig.1.8). 

In consideration of the perspectives delineated above, programmes 

have been drawn accordingly and the present investigation has been 

carried out in three adjoining blocks namely Raiganj, Hemtabad and Itahar of 

the District of Uttar Dinajpur during the period from 2003 to 2006 in a 

holistic approach as follows : 

I. Study of the incidence and abundance of the major insect pest 

population and interaction with the biotic and abiotic environmental 

factors, with a ·view to identify favourable weather parameters, peak 

period of pest infestation and vulnerable stages of crop growth with 

an ultimate objective to formulate a cultivation schedule considering 

the prevailing paddy cultivation practices. 

2. Study of bio-ecology of major pests namely yellow stem borer (YSB), 

brown plant hopper (YSB), gall midge (GM), paddy bug (PB) and natural 

enemies in relation to the plant yield attributes with an objective to 

assess the pest and natural enemy structure at different cultivation 

practices, environmental conditions and the agro ecological factors. 

3. Quantification of the crop losses, by a single pest or by pest complexes, 

categorization of villages in domains, determination of the pest threshold 

level with an objective to take appropriate decision on protection 

measures. 

4. Tabulation of suggestive time specific control measures and major key 

pests. Side by side, computation of the probable effects of each control 

measures on each concurrent major pest in respect of their ETL levels. 
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Emphasizing all the above mentioned objectives, cultural management of 

four major pests (yellow stem borer, brown plant hopper, gall midge and paddy 

bug), were investigated in the widely adopted high yielding variety Swama 

Mashuri-MTU 7029, a derivative of Mashuri covering nearly 12% of India's 

rice-land. The cultural management broadly involved suitable proportion of 

chemical and organic fertilizers, limited application of pesticides, adoption of 

suitable tillage methods, frequency of hand weeding, proper water stress 

management, selection of proper number of seedling/hill and appropriate hill 

distances. Furthermore, biology of the pests was considered in relation to the 

crop phenology. 

Collectively, the basic philosophy of the present investigation is to 

initiate and develop a local system with data generation, fine-tuning of the 

system to produce-profitable, stable and sustainable yields, to refine and 

verify ETLs, to test the tactics, to replace gradually anti-IPM practices by 

pro-IPM practices and to conduct research work designed for farmer 

managed adoptive trial. 

It is expected further that the generated knowledge and the 

adoptable outcome of the present investigation will lead to cohort a paddy 

insect pest management strategy with the generation of a simulated model 

applicable for the three blocks of the District Uttar Dinajpur, West Bengal, 

which is environmentally sound, technically feasible, economically viable, 

ready-qand practicable and also safe to the farmers health. Such management 

protocol will be built up on 'SP'as its core basic: Population, Productivity, 

Price, Pollution, Pest and Pesticides. The strategy can be followed in toto 

or with partial modifications in other regions even on other cereal crops 

having similar pest infestation problems. 
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2.1. Prevalence and Status of Major Insect Pests of Paddy 

The countries of South East Asia are famous for paddy production. After 

the introduction of high yielding varieties of paddy, the problem of insect pest 

infestation has become a serious concern for their management. Not all the 

insect pests are equally prevalent in all the countries .The prevalence of several 

major insect pests of paddy is furnished in the table 2.1.1. 

Table 2.1.1:Prevalence of paddy pests in different countries of South East Asia 

Countries with the pest statos 

.c ~ 
~ "' "' ~~ ·~ .5 "" " ~"' 

Scientific name Common 
"0 

M~ " "' 1! "' '§ 1 ~"' 10' .e- ] English name '8 
0 

~ :E 1! '2 ro ro - - p.. "' f-< 

Tryporyza incertulus Yellow rice ++ ++ ++ ++ . ++ - + 
(Walker) borer(YSB) 

Tryporyza innotata White stem - - + ++ - ++ X -
(Walker) borer(WSB) 

Sesamia inferens (Walker) Pink stem borer + - + - + + - -
(PSB) 

Nilaparvata Jugens (Stal) Brown plant ++ - ++ ++ + - ++ + 
hopper (BPH) 

Orseo/ia oryzae Rice gall midge + - ++ ++ X + ++ ++ 
(Wood-Mason) · (GM) 

Leptocorysa acuta Rice bug + + ++ ++ + ++ X ++ 
(Fabricius) (PB/RB) 

( +): Minor pest, variable year to year causing yield losses of 5% in at least one major region in a 

country, (++): Major pest, perennial losses of 5% in at least one major region within a country, 

(-): Data not available, (x): Pest not recorded from the country. 

Sources: (1) Islam et a/.2004, Nurzaman eta/. 2000, (2) Premchand 1984, Rao et a/.1966, (3) 

Raman 1983, Krishnaiah et a/. 2006, Krishnaiab et a/.1985, Matteson 2000, Chelliab et a/. 

1980, Bhavani 2006, Pillai et al. 1983, Heinrichs et a/. 1985, Kabir et a/. 1988, Kemnore 1996, 

Tripathy 1999, Razak 1986, Sankaran 1987 (4) Krishoaiab !993, Shepard eta/. 2001, Pincus 

!994, Kishi eta/. 1995. Karimuna 2004, Shepard eta/. 2001, (5) Ho 1996, Catling eta/. 1987, 

(6) Marciano eta/. 1981. Heong eta/ .1991, Southhood 2003, (7) Hidaka eta/. 2000, (8) 

Mmjunath 1968, Landis eta/. 1992, Miyashita 1963, Islam et a/.1990. 
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Again, in all the states oflndia the major insect pests are not equally frequent. 

The prevalence of three major pests in different states is shown in the table 2.1.2 

Table.2.1.2: Prevalence of three major insect pests of paddy in different states 

oflndia 

Insect pests 

Name of States Yellow stem 
Gall midge 

Brown plant 
borer hopper 

Andhra Pradesh +++ ++ +++ 

Assam ++ X X 

Bihar + ++ X 

Gujrat + X X 

Haryana X X X 

Himachal Pradesh X X X 

Jammu and Kashmir X X X 

Karnataka ++ ++ + 

Kerala ++ ++ +++ 

Madhya Pradesh ++ +++ + 

Maharastra +++ + + 

Manipur X +++ X 

Meghalaya ++ X X 

Nagaland + X X 

· Orissa +++ +++ +++ 

Punjab ++ X X 

Rajasthan X X X 

Tamilnadu ++ + +++ 

Tripura X + X 

Uttar Pradesh ++ + X . 

West Bengal +++ ++ +++ 

(+):Low, (+ +): Moderate,(+++): Severe, (x): Data not available. 

Source: Manual on Integrated ·Pest Management in rice, Directorate of Plant Protection, 

Quarantine and Storage, N.H.IV. Faridabad, 2004 
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One of the urgent requirements of modern IPM is to determine the ETL 

index of a particular pest in an area based on single or group of criteria. The 

same criterion or the group may not be fixed for the pest over a wide 

geographical area. However, in the following table (2.1.3), the ETL indicates 

major pests in several states oflndia. 

Table.2.1.3: Economic threshold levels (ETLs) of four major insect pests of 

paddy as determined at different status and places oflndia 

Recommended threshold level indices of the four pests 
States 

Growth stages GM PB 
and places YSB BPH 

of paddy No. of galls/ No. of 
of record %ofDHIWH No. of 

m2 or o/o of nymphs or egg mass/ nymphs+ 
m2or adult/m2 adult/hill 

affected +adults 
tillers /m2 

lgalllm' (in 
epidemic 

5%DH areas) 5% 

west Pre-tillering or I egg mass 5 -10 affected 

Bengal 
or I moth tillers( in non X 

(Chinsurah 
epidemic 

and areas 

Kharagpur) Mid - tilleriog 5%DH 5- 10 X X 

Panicle initiation I moth 5- 10 X X 

I moth or 
Flowering I egg mass or 10 X 1-2 

6%WH 
Pre-tillering 5%DH X X X 

Punjab Mid - tilleriog 5%DH 5- 10 X X 

(Kapurthala) Panicle initiation X X X X 

Floweriog I moth 10 X X 

Pre-tillering 5%DH X X X 

Orrisa Mid - tilleriog 5%DH X X X 

(Cuttack) Panicle initiation X X X X 

Flowering I moth X X 1-2 

Andhra Pre-tillering I egg mass 
10 2-3 gall!m2 

X or I moths 
Pradesh 

Mid - tilleriog - 5%DH 5- 10 X X 

(Hyderabad 5 - 10 or 25 

and Panicle initiation 1 moth (in epidemi X X 

Warangal) areas) 
Floweriog 1 moth 10 X X 

Pre-tilleriog 10 X X 

Haryana 
Mid - tilleriog 5%DH X X X 

Panicle initiation 1 moth 5- 10 X X (Hisar) 
Flowering 1 moth X X 1-2 

(x): Data not available 

Sources: Modified after Perkins (1980), Sing and Dhaliwal (1994), Simwat (1994 ). 
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A single pest may not equally prevalent in the same area over a large 

period of time. This is obvious for differences in the paddy varieties, cultivation 

practices, rainfall, fertilizer inputs and pests management practices (Table 

2.1.4). 

Table.2.1.4: Dynamics of major paddy pests in West Bengal since 1965 

Dynamics through times 

Common English .... .... .... .... 
Scientific name ..... 00 "' 0 

"' "' "' 0 name ..... ..... ..... "' ' ' ' ' lfl lfl lfl lfl 

"" ..... 00 "' "' "' "' "' ..... ..... ..... ..... 

Yell ow stem borer Tryporyza incertulus (Walker) + ++ ++ +++ 

White stem borer Tryporyza innotata (Walker) + + ++ +++ 

Pink stem borer Sesamia inferens (Walker) + + ++ +++ 

Brown plant hopper Nilaparvata lugens (Stal.) X X + +++ 

Rice gall midge Orseolia oryzae (Wood-Mason) X + + ++ 

Paddy(Rice) bug Leptocorysa acuta (Thung.) + + + ++ 

(+ + +): Severe, (++):Moderate, (+):Low 

Sources: Major paddy pests of West Bengal and their relative occurrence through the course of 

times (in Bengali), RRS, Chichura, West Bengal (Unpublished.) 

The cultivation of paddy during kharif and boro seasons should not 

follow rigidly a simple schedule. Depending on multiple factors the schedule is 

ought to vary at differ locations and area. Before the present investigation was 

contemplated it was found that most of the farmers in the three blocks observe 

almost . a common practice I schedule in relation to the cultivation time 

(Table.2.1.5). Such a single schedule appeared to be inadequate in all the three 

blocks and in all lands of a single block. This warrants for micro-level studies 

for evolving suitable cultivation practices for individual localities. 
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Table. 2.1.5: Existing cultivation practices and the time schedules in all the 

three blocks of the District Uttar Dinajpur 

Fertilizer application 

Category Pesticide Hand 
During main laod During top dressing (DAT) application weeding 

preparation at at 
First Second 

(DAT) (DAT) 

N p K N Days N Days 

Time of cultivation 

High yielding variety, Swama Mashuri 

Pre-kharif 
X 8 8 8 15-20 8 30-35 - -(autumn rice) 

kharif 
5 10 10 10 15 5 35-40 35 25 

(Winter rice) 

boro 
7 12 10 12 15-20 8 30-35 35 40 

(summer rice) . 

Low yielding local variety, Tulaipauji 

Short duration 5 10 10 10 15 5 30-35 35 40 

·Pattern of crop establishment 

Direct seeded 8 8 4 8 15-20 8 30-35 44 25,50 

Transplanted 
8 6 4 8 15-20 6 30-35 - 30,60 

(autumn) 

Transplanted 
8 8 8 8 40 8 75 - 30,65 

(winter) 

(-):Not specified 

Sources: Agricultural Manual for Proper Cultivation (in Bengali),2006, Lok Kalyan Parisad, 
Kolkata,2006. 
District Annual Plan on Agriculture, Uttar Dinajpur, Office of the Agricultural Officer, Urtar 
Dinajpur, West Bengal. 2002- 2003. 
Nayban and Choudhury 2000 

One of the natural suppressions of the incidence of insect pests is done 

by their natural enemies. The incidence of these enemies in the paddy field 

depends on several factors. As the factors are not always uniform in all the 

places and at all the times in the places, the occurrence, and hence suppression 

efficiencies should necessarily vary at different places (Table 2.1.6). 
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Table.2.1.6: Major natural enemies of insect pests of paddy and their relative 

occurrence in three districts of West Bengal 

Group of 
Common Status of predation I parasitism 

the enemy Scientific name English In three districts 
name 

Burdwan Midnapore I Bankura 

Predators 

Argiope pulchella Orb ++++ +++ +++ 
(Thorell) spider 

Lycosasp. Wolf ++++ +++ ++ 
(Boesenberg and spider 
Strand) 

Spider Phidippus sp. Jumping +++ +++ +++ 
spider 

Oxyopes javanus Lynx ++++ ++ ++++ 
(Tho roll) spider 

Tetragnatha 
Long ++ +++ ++++ 

maxillosa (Thorell) jawed 
spider 

Micraspis crocea Lady bird +++ ++++ +++ 
(Mulsant) beetle 

Beetle Menochilus Lady bird +++ ++ ++++ 
sexmaculata (Fab). beetle 
Ophionea Ground +++ ++ +++ 
nigrofasciata beetle 
(Schmidt-Goebel) 
Cyrtorhinus Plant bug ++++ +++ ++ 

Bug lividipennis (Reuter) 

Mesovelia spp. 
Water ++++ +++ ++ 
bug 

Fly Agriocnemis pygmaea 
Damsel ++++ +++ ++++ 
fly 

Parasites 

Telenomus rowani Egg ++++ ++++ +++ 
(Gahan) parasite 

Tetrastichus Egg ++++ +++ ++++ 

Stem 
schoenobii (Ferriere) parasite 

borer eggs Trichogramma sp. 
Egg +++ ++++ ++ 

parasite 
Cotesia (= Apanteles) Egg ++++ ++ ++ 
angustibasis parasite 
(Gahan) 

(++++):Highly effective, (+++): effective, (++): Sporadic, (+):Negligible 
Source: Interim survey on the potential paddy field natural enemies in the southern parts of 
Bengal, RRI, Chinchura, 2004 (unpublished) 
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2.2. Abundance, Bioecology and Nature and Extent of Damage 

Caused by Major Insect Pests of Paddy 

2.2.1 Stem borers 

2.2.1.1 Distribution and importance: Stem borers (SBs) are key group of 

insect pests of rice. Among the borers, yellow stem borer (YSB), Scirpophaga 

incertulas Walker is distributed through out India and is regarded as the most 

dominating and destructive species (Banerjee 1967, Walker 1975, Panda et 

a/.1976, Prakash eta!. 2005). The other two borers recorded during the present 

investigation were Tryporyza innontata Walker, the white stem borer (WSB) 

and Sesamia inferens Walker, the pink stem borer (PSB). 

2.2.1.2 Bioecology of YSB: The adult YSB moths are strongly phototactic and 

can readily be collected in light traps and by sex pheromones (Krishnaiah eta!. 

2004). The adult moths mate after sunset, lay eggs mainly on the older and 

broad leaves of soft plants (Koyama 1955). The eggs are laid in clusters on the 

sheaths and blades of leaves and are covered with felt like hairs and scales 

(Shiraki 1917).The frequency of YSB females has an association with the rice 

varieties having longer, wider and softer leaves, internodal length and higher 

responsiveness to nitrogen fertilizers (Raj eta!. 1973). Islam eta/. (1996) have 

reported that plants at the active tillering and before flowering stages are 

preferred by the moths for egg laying. The optimum temperature for egg laying 

is 28-29°C and the relative humidity is 60%. The egg stage lasts for 5-9 days 

(Kulshrestha 1971). The larvae show congregation and nibble at leaf sheaths 

before they bore into the tissues of the tillers. 75% larvae gain entry into the 

plant tissue (Aikins 1957). Depending on temperature the larval period varies 

from 27 to 30 days. At low temperature regimes, the larvae undergo diapause by 

remaining in the basal nodes of the stems or in soil. Solid stem of seedlings and 

the epidermal silica in high yielding varieties cause obstacle to the immediate 

entry of larvae (Bowden 1976). When full grown, the larvae pupate inside the 

stem, straw or stubble. Low starch content in rice stem has been reported to 

enhance larval dispersion from infested stem to new plants (Pathak 1967). The· . 

pupal period ranges from 2 to 6 days. The number of generations depends on 
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biotic and abiotic factors of the environment (Malhi et al. 1998). Sing et al. 

(1977) reported that the borer completes more than one generation in a year. 

2.2.1.3 Nature of damage: The larvae bore into the tillers by feeding 

internodal soft tissue, grow and cause the characteristic symptoms of 'dead 

hearts' (DH) or 'white ears' (WH) depending on the stages of the standing crop. 

At tillering stage, the feeding frequently results in severing the apical pru:ts of 

the plant from the base, central leaf whorl does not unfold, turns brownish and 

dries out although the lower leaves remain green and healthy, a condition 

known as 'dead heart'(DH) (Panda et al.l976). Affected tillers dry without 

bearing panicles. During panicle exertion, severing of the growing parts from 

the base results in the drying out of panicles. The empty panicles are very 

conspicuous in field as they remain stiff, straight, whitish and are called 'white 

ears' or white head (WH). Infestation results in partial I total chaff-ness of the 

glumes and ill-filled grains (Tripathy et al. 1995) 

2.2.1.4 Extent of damage: The level of SB' s induced yield losses have been 

estimated to range from 30 to 70% in outbreak years and from 2 to 20% in non 

outbreak years in Bangladesh. In India the value ranged from 3 to 95% while it 

varied up to a scale of 33% in Malaysia and 95% in Indonesia (Tripathy et 

a/.1995, Prakash et al. 2005). Catling et a!. (1987) have reported that each 2% 

stem damage at harvesting results in yield loss up to 1%. Tripathy eta!. (1995) 

have estimated a loss of 29-49 kg I ha depending on the rice varieties. 

Evaluation conducted by CRRI, Cuttak showed that every 1% increase of 

damage by SBs registered a loss of 0.28% at vegetative stage and 0.62% at 

heading stage. Ishikura (1967) estimated the pre harvest losses due to SBs 

damage in diversified agro ecological situation ranging from 10 to 65%. A 

considerable yield loss has also been reported by Ragini et al. (2000) from 

Tamil Nadu. Catling et al. (1987) assessed a variable yield losses in deep water 

rice due to YSB in Bangladesh and Thailand. Israel et al. (1967) attempted to 

assess the crop losses due to SBs attack in tropical area and found variable 

results. 
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2.2.1.5 Seasonality of occurrence of YSB: The seasonal abundance of 

S. incertu/as , monitored at Titabar (Assam) during 1975-1979, revealed that 

adult activity occurred throughout the year, with one moderate peak in April 

and the next smaller one in August. A high positive correlation of the moth 

abundance with the temperature, rainfall, and relative humidity and sunshine 

hours was observed by Ishaque and Rahman (1983). The appearance ofthe pest 

at field level depends upon the availability of food plant and the prevailing 

climatic factors (Rai et a/. 2002). Experiment conducted over a period of 26 

years in Bihar revealed that YSB appeared as early as in first fortnight of 

February and formed the peak either during September or first fortnight of 

October. Prakash et a/. (2005) showed that in wet season SB incidence was 

intensified during October-November. Tripathy et a/. ( 1999) observed in Orissa 

the appearance of successive two peaks of YSB in the last week of September 

and another in t he second week ofNovember. 

2.2.1.6 Differential abundance in relation to crop phenology: Ragini et a/. 

(2000) reported that YSB infestation was predominant from early to maximum 

tillering stage and decreased gradually with the increase of pink stem borer 

(PSB) number from flowering stage. Among the three stages of crop growth, 

at maximum till ering stage highest infestation was recorded, followed by at 

floweri ng and early ti llering stages ( Padhi et a/. 2004). Wagan eta/. (1999) 

nd that the activity of YSB was guided by the growth stage related 

phen 1\ogica\ changes of paddy plants. Sastrodihardjo eta/. (1972) from West 

Java (It \donesia) reported that the adult catches were low in the first month after 

transplant~ but increased rapidly at the later growth stages. Observation also 

showed that t he greatest number of eggs was laid on the crops approximately at 

15 days after tr ansplanting. Alam (1988) recorded similar observations while 

Misra et a/. (20 ;-,5) observed successional appearance of DH at 30 day after 

at the flowering 

eta/. 1 992). 

T) fo llowed by the peak at 60 DA T. A! am et a/. ( 1992) 

amics of YSB was intensified as the age of the crop 

infestation was greater during the vegetative stage than 

when plants were more matured and lignified.( Mishra 
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2.2.2 Plant hoppers 

Among the hoppers, brown plant hopper (BPH), Nilaparvata lugens 

Stal., green leaf hopper Nephotettix virescens Distant and white backed plant 

hopper (WBPH), Sogatellafurcifera Horvath have gained major pest status on 

rice crop in recent years. 

2.2.2.1 Distribution and importance: BPH is common in rain fed and irrigated 

wetland environments, distributed through out South East Asia and part of the 

Pacific and Australia. It dominates especially during the reproductive stage of 

rice plant (Stapley 1975). Mixed population ofBPH and WBPH occurs towards 

crop maturity causing heavy yield losses in several rice growing areas 

(Basavanna et at. 1976, Velusamy et a/.1978, Natarajan eta!. 1988). 

2.2.2.2 Bioecology: Adult BPH are dimorphic, with fully winged macropterous 

and truncate winged brachypterous forms. The macropterous are potential 

migrants and after settling down on the rice plants produce the next generation 

of which most of the females are wingless and males are winged (Zhu et a/. 

2000). Adults usually mate on the day of emergence .and the females start laying 

eggs from the day following mating. Brachypterous females lay 300-350 eggs 

and macropterous females lay fewer eggs depending on the cultivation practices 

(Nailnakumari et a/.1975). The eggs are pushed in a straight line generally 

along the mid-region of the leaf sheath, though sometime eggs are laid on the 

leaf mid-ribs. The ovipositing sites appear as brownish streaks. Eggs hatch in 

about 6-9·days. Newly hatched nymph is cottony white and turns purple brown 

in an hour. It feeds on the plant sap and undergoes five moults to become an 

adult in I 0-18 days depending on the availability of the food and other 

environmental factors (Hao ·eta/. 2000). 

2.2.2.3 Nature of damage: BPH prefers irrigated and rain fed and wet land to 

upland rice and directly sown to transplanted rice fields ( Chelliah et al. 1973). 

Both adults and nymphs suck the sap from the base of the tillers, resulting in 

yellowing and drying of plant. Initially round patches appear in the fields which 

soon tum brownish due to drying up of the plant. The symptom spreads as 

patches of concentric circles, a condition known as 'hopper burn'. Apart from 
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direct damage, the BPH is also a vector of grassy stunt virus (Natarajan et 

a/.1988). 

2.2.2.4 Extent of damage: Chelliah et a!. (1973) reported the frequent 

occurrence of hopper burn in Tamilnadu. Intensive BPH damage was observed 

in Andhra Pradesh in the year 1959 causing 20-25% losses covering an area of 

9000 ha (FAO 1959). Srivastava (1976) and Verma eta!. (1979) reported the 

outbreak of BPH from Uttar Pradesh. Hopper burn was also reported by 

Upadhyay eta!. (1992) from Bihar. Koya (1974) viewed that BPH could be 

regarded as one of the major destructive pests in South East Asia. Rizvi et a!. 

( 1983) also reported from Uttar Pradesh the perilous activity of BPH leading to 

crop failure. 

2.2.2.5 Seasonality of occurrence: Alam (1971) obtained largest light-trap 

catch during the first half of the year. Ho and Liu (1969) stated that the insect 

density was greater in the first crop than in the second. From the available data 

from India, Bangladesh, and the Philippines, it is difficult to standardize the 

relationship between the number of insects caught in a light trap during the 

immigration period and -the occurrence of hopper burn in subsequent 

generations, because the environments in which the generations develop such as 

a fall in temperatures and farming practices differ from place to place and year 

to year ·(Natarajan et a/.1988). 

2.2.2.6 Differentil\1 abundance in relation to crop phenology: The hoppers 

prefer lowland to upland paddy. Growth stage dependent phenological changes 

of the paddy plant positively influence the pest structure (Chelliah et a/.1973). 

Higher number of seedlings I hill and the input of high doses of inorganic N 

fertilizer bringing the canopy compactness are the prime factors responsible for 

pest development (Stapley 1975). Thick bushy canopy with high moisture 

regimes and low temperature accommodate greater number of hoppers. Direct 

sown fields harbour comparatively higher number of hoppers than the 

transplanted one due to the relative variation of the crop structure (Srivastava 

1976) .. 
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2.2.3 Gall midge 

2.2.3.1. Distribution and Importance: Gall midge (Orseolia oryzae Wood

Mason), primarily a pest of low land rice field, is found in irrigated or rain fed 

shallow lowlands through out the tropics during the tillering stage of rice plant 

(Budharj a et a/. 1979). It has also been reported in upland and deepwater rice 

(Rao 1981). 

2.2.3.2 Bioecology: The adult gall midge (GM) is mosquito like and essentially 

a pest of irrigated and wet season crop (Rao et al. 1970). Adults are highly 

phototropic and nocturnal in habit. Adult female lays eggs either singly or in 

groups on the under surface of the rice leaves or sometime on the leaf sheaths. 

A single female lays I 00-200 eggs. Eggs are long, tubular, and shiny white, 

sometimes pink, red or yellow. Eggs require high humidity for hatching and the 

incubation period is around 3-4 days. The newly hatched maggots are grey

white, fairly with a pointed anterior end (Rao 1981 ). The neonate larva or 

maggot eventually locates on the growing point of the apical or side buds at a 

node for feeding (Budharja et al. 1979). Its feeding causes tubular gall 

formation at the base of the tiller (Dale, 1994, Popov et a/ .1998). The gall 

(modified leaf sheath) enlarges with continuous feeding of the maggot. 

Development of both larvae and pupae is completed inside the gall. Four larval 

stages of variable duration are observed in 15-20 days. Pupal period lasts for 

2-8 days. The entire life cycle is completed within 25-3 8 days (Rao I 981 ). 

2.2.3.3 Nature of damage: The feeding by maggot on the growing tip 

suppresses the leaf primordial differentiation and eventually causes necrosis 

(Pieris 1977). This is followed by an elongation of the leaf sheath leading to the 

formation of a hollow tubular structure around the larva. With the progress of 

feeding the gall enlarges at the base of the plant and elongates resembling an 

onion leaf (Rao 1981, Katarki and Bhagwat 1960). Galls appear within a week 

after the larvae reach the growing point. In some cases there may be no gall 

development but necrosis of the growing tip is noticed (Reddy 1967). Panda and 

Mohanty (1970) observed gall-induced profuse tillering and stunting of plants. 

Prakasa Rao (1975) noted that bushy appearance of the crop, prolonged 
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vegetative phase; delayed flowering and uneven ripening are symptoms of the 

midge attack. Israel et a/. (1968) noted that infestation at early stages of crop 

growth resulted in the death of primary tillers, thereby inducing subsidiary 

tillering. Similarly, Prakasa Rao (1972) documented that at early growth stages 

each infested tiller induced the production of new tiller from its node below. 

2.2.3.4 Extent of damage: Chatteijee et a/. (1976) reported the yield loss 

ranged from 3-70% depending on the severity of attack and the variety under 

cultivation. Hill (1983) showed that in occasional cases the damage may reach 

up to 100% resulting in total crop failure. Herd (1991) claims that Asian GMs 

are one of the major pests enhancing considerable yield loss. N a yak et a/. 

(2000) found that the incidence was less in resistant varieties. The magnitude of 

damage could be reduc_ed after the adoption of resistant varieties with hygienic 

cultivation as suggested by Sing et a/. (2001). Rao (1981) detailed that 

0. oryzae was major pest of late planted rice in the wet season (May

Novem):>er) in Krishna and Godavari deltas of Andhra Pradesh resulting in 

considerable loss. Gubbaiah and Revanna (1996) spotted severe infestation. of 

GM in southern Karnataka for the first time in kharif season. Devi and Devi 

( 1997) accounted that the infestation of gall midge (Biotype 5) may extend to 

the level of 60-90% covering an area of 3 0 % of Kuttanad, Kerala. 

Wickremasinghe (1969) reported up to 80 % crop loss due to severe attack. 

Deshmukh eta/. (1990) and Khandalkar eta/. (1996) noted that the yield was 

distinctly affected under high GM infestation. 

2.2.3.5 Seasonality of occurrence: Reddy (1967) reported that the GM became 

active at the onset of monsoon and completed one or two generations on grasses 

before moving to rice. Hidaka et a/. (1980) opined that though the heavy 

infestation of GM is season specific, but it is available throughout the year. Dale 

(1994) noted that the pest population was rapidly declined in December because 

of the limited availability of suitable hosts. Through GM is primarily a pest of 

irrigated and wet season rice but it is found to occur during winter season too 

(Kalode and Viswanathan 1976) in both low and upland fields (Rajamani et 

a/.1987). It attained the epidemic form in Madhya Pradesh during wet seasons 
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of 1971, 1975, 1976, and 1978 (Srivastva eta/. 1984). In general, the species is 

found to be an important paddy pest in Indian subcontinent covering most of the 

rice growing areas except in Western Ghats and Himalayan region. It gains the 

potentiality of damage in Andhra Pradesh, Kerala, Chattrisgarah, Maharastra, 

Manipur and Orissa under favourable agro-ecological conditions (Prakash et a/. 

2005). Favourable weather conditions, cultivation of high tillering varieties, 

intensive management practices and low rate of parasitization are conducive to 

the rapid multiplication of this pest. A study on the population dynamics of 

0. oryzae at Rajendranagar, Andhra Pradesh (India), in four consecutive years 

has revealed that the pest appears in late August, reaches a peak in October 

and declines by December (Sain and Kalode 1992). 

2.2.3.6 Differential abundance in relation to crop phenology: The GM was 

found to occur on the rice plant from nursery to the end of the tillering stage 

(Dale 1994). Israel et a/. (1959) observed that the incidence of the pest was 

higher at 90-day old rice plant than at 60 days old, justifying that the incidence 

of the GM is growth stage dependent. The pest starts infestation during tillering 

stage of crop as reported by Rajamani eta!. (1979). However, Prakasha eta/. 

(2005). reported that, galls (silver shoot) are formed generally during the 

tillering stage and after panicle primordia initiation. Instead of a normal panicle, 

a distorted panicle or miniature imprecised leaves emerge. GM appears in the 

years of late planting when the rain prolongs beyond October as it 

happened in 2001, in some places of West Bengal (Interim Survey Report, 

Shuttle Breeding Programme, 2001, Dept. of Agriculture, Govt. of West 

Bengal, unpublished). Rajamani eta!. (1979) reported that the pest incidence 

was high during July and August if rainfall prevailed during daytime. This 

period normally coincides with the maximum tillering phase of paddy. Though 

infestation to plant is confined mainly to the vegetative phase, occasionally 

damage during reproductive phase leading to development of panicle galls or 

spikelet galls is also reported. (Kittur and Agrawal 1983, Joshi and Venugopala 

1984). Falerio and Patil (1991) reported that during kharif season of 1989 

and 1990 the damage by GM reached a peak at maximum tillering ( 49 

DAT) and early heading (56 DAT) stages of crop growth respectively in the 
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southern states of India. However, Bhardwaj et a/. (1988) observed a peak 

infestation during late tillering to boot leaf stage of the crop. The crop is most 

susceptible to the attack on 30-45 days after transplanting as reported by 

Wongsiri eta/. (1971). Infested shoots estimation showed a rate of about 170 

pupae per 5000 tillers after the first week of transplantation is very crucial for 

pest out break. A decline in the population was followed by a rise at the end of 

the first month after transplantation with the variable range from 114 to 560 

pupae per 5000 tillers. The-damage was most apparent from 60 to 75-day after 

transplanting (Sastrodihardjo eta/. 1972). Huang et a/.(1996) reported that the 

late cultivated varieties were more severely damaged than that of the early 

cultivated one. In Assam, the GM infestation was increased by 2.85% for 

each week delay in planting beyond July 151
h to second week of September. 

Oudhia et a/. ( 1999) extrapolated that maximum infestation of GM occurred 

with continuous submergence of rice with mid season drainage for two days 

during the maximum tillering stage. It is also known that gall morphology is 

determined by the host genotype since purple varieties produce purple gall, 

while tall cultivars have very long galls (Joshi and Venugopala 1985). 

2.2.4 Gundhi bug I paddy bug 

2.2.4.1 Distribution and importance: Gundhi bugs are also known as paddy 

bugs (PB). Three species of PB are responsible for damage of paddy crop in 

India, Leptocorisa acuta Thunberg (=L. oratorius), L. varicornis Fabricius and 

L. chinensis Dallas each having distinct areas of occurrence as major pests 

(Banerjee et a!. 1965). In the eastern rain fed region of India, L. acuta is the 

major species in states of Assam, Bihar, Orissa and West Bengal. 

2.2.4.2 Bioecology: Eggs are laid mostly in single rows, preferably towards the 

mid rib portion of the leaf. They are reddish brown to black and the nymphs 

hatch in 5 to 6 days. The nymphal period varies from 13-17 days. Nymphs pass 

through 5 moults before attaining the adult stage. The adult females are more 

active fliers. All the stages of the insect prefer lower shady portions of the 

plants during the day. Of the different grasses Echinochloa colonum has been 

found to be a potential host for successful survival and multiplication (Banerjee 
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et a/.1965). The bugs have also been found to successfully multiply and migrate 

from early to the late flowering varieties of paddy when there is unequal 

ripening in the fields. 

2.2.4.3 Nature of damage: The adults and nymphs suck the milk from the 

developing grains in the early stage of grain formation. Young succulent leaves 

and shoots are also attacked before the grain formation. Infestation is 

characterized by the discoloration of the panicles as well as the presence of 

some empty or ill-formed grains in the panicles. (Israel and Rao 1961, Rao and 

Kulshreshtha 1985). 

2.2.4.4 Extent of damage: Rao and Kulshrestha (1985) reported that PB 

infestation was responsible for grain discoloration and chaffy grain formation. 

Banerjee and Chatterjee (1982) found 25-35% yield losses due to severe PB 

attack. The extent of damage may extend up to 40% in some agro ecological 

situations as reported by Rao and Kulshreshta (1985). Dresher (1955) reported 

that PB was most destructive in non flooded fields and the damage could be 100 

% loss to the rice crop in some occasions. Srivastava and Saxena (1964) 

reported that in case of severe infestation, the entire crop might be destroyed but 

in general 10-40 % field losses were common. The pest caused damage up to 

90% of rice grains by rendering them unfilled. 

2.2.4.5 Seasonality of occurrence: Srivastava and Saxena (1964) reported that 

the insect over-wintered from December to March, passed the summer i.e, 

April-June as adults on the grasses and other plants. However, Banerjee and 

Chatterjee (1965) found low population of L. acuta hibernated on trees during 

the relative colder and drier months of December to March. Pathak (1968) has 

noted that the population becomes maximum during September-October in the 

Philippines and after that the adult bugs undergo diapause on grasses. 

2.2.4.6 Differential abnndance in relation to crop phenology: The intensity 

and type of damage caused by the PB depends on the population density, stages 

of the crop and prevailing ecological conditions. Smith (1981) has noted that PB 

migrates from the grasses when rice plant started flowering with the advent of 

rainy season. Before flowering the bugs feed on seedlings by sucking the sap 
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from leaves and tender shoots accounting a low level of damage. After 

flowering stage and onwards, severe damage and almost complete crop 

destruction may happen in some cases (Banerjee eta!. I982). 

2.2.5 Assessment of economic threshold level (ETL): The present practice as 

suggested by district agricultural office to determine ETL is to count the 

number or egg masses or the adult of a particular pests or the pest induced 

symptoms in relation to the growth stages of paddy which is tabulated in the 

table.2.2.I. 

Table.2.2.1: Construction of the economic threshold level (ETL) for four major 
pests in relation to the growth stage of paddy 

Name of the pests BPH YSB GM PB 

1breshold levels in relation Individuals/ Individuals/ galllmt 2 Individuals/ 
to growth stages hill hill, hill 

Egg mass ss (%) (adult+ 
/mt 'or nymph) 
DH(%) 

Growth stages Seed bed 5 I egg mass, X >0.5 
of.paddy 5DH 

Vegetative >I5 I.4 moths, I gall, >1.00 
5DH 5 ss 

Reproductive >8 2.0 egg >5 ss >1.5 
masses, 
IODH 

Ripening >5 >2 moths, >5% >1.00 
12DH ss 

(x): No symptoms appeared 
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2.3. Prevalence of Natural Enemies of Insect Pest of Paddy and 

their Efficacy for Pest Suppression 

Cultivation of paddy in temporal and spatial continuity has evolved a 

stable relationship between rice insect pests and their natural enemies (Ooi and 

Shepard 1994). In most instances, the predators are higher in number than those 

of the pest populations, when little or no insecticides are used (Way and Heong 

1994). Understanding the biology of the natural enemies is a prerequisite for 

successful utilization and further manipulation of the natural enemy for 

judicious pest management with least toxic input. 

2.3.1 Predator: Predators have distinct environmental preferences (Clement 

et at. 2004). Whitecomb and Bell (1964) identified 600 predator species 

representing 45, 19, and 4 families of insects, spiders and mites respectively 

from the paddy fields. Resurgence of pests are often attributed to the disruption 

of the natural control agents by broad spectrum pesticides (Kidd and Jervis 

1996). 

2.3.1.1 Spider 

2.3.1.1.1 Distribution and importance: Spiders are the most abundant 

predators in terrestrial ecosystem (Heidger et a/.1989, Heong et a/.1991) 

showing distinct environmental preference (Bora et at. 2004). A total of 432 

spider species belonging to 131 genera under 27 families are documented from 

the rice fields of South and South-East Asia. The five most dominant families, 

Araeneidae (16 species), Clubionidae (42 species) Theridiidae (40 species), 

Thomoisidae (39 species) and Salticidae (36 species) account 63.5 % of the 

total paddy field bio-control agents. Lycosidae (27 species), Eusparassidae (16 

species), Melidae (14 species), Tetragnathidae (13 species) and Gnaphosidae 

(10 species) are moderately abundant families. Categorically, three prominent 

spider guilds, orb-webers, space-webers and hunting spiders are noted. Of the 

orb-weavers, Tetragnatha mandibulata followed by T. japonica are particularly 

abundant in the rice fields. The upland spider community is more diversified 

and represents an admixture of both rain-fed and irrigated low land 
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communities (Bommarco et al. 2002). Among the ten mostly prevalent rice 

spiders, nine are abundant in upland fields showing wider adaptability. 

Leucauge delorata is almost absent in upland rice while Oxyopes javanus and 

Lycosa pseudoannuata are less abundant in uplands compared with in low 

lands. Irrespective of the environments, space-web spider, Atypena jormosana 

dominates in all the fields. But Satpathi (2004) has found that the spider 

diversity and guild composition increase with the crop age and the rank in 

decreasing order has been irrigated wet land > rain-fed wet land > upland. 

Bambaradeniya and Edirisinghe (2001) have documented 60 spider species 

from the irrigated Sri Lankan paddy fields as the prominent predatory group. In 

Philippines upland environment accommodates nearly half of the total reported 

176 spider species of the country (Chandra 1978, Chatteijee et a/.1976). In 

north Bihar, L.pseudoannulata is most prevalent (21.78%) in the paddy fields 

followed by A. formosana (16.33%), A.catenulata (14.56%) and C. japonicola 

(8.59%). 

2.3.1.1.2 Efficacy of control: Relative predatory potential of the spiders 

depends on the niche characters within the crop canopy and the web generating 

capacity. T. maxil/osa decorates 96% web on the top and middle portion of the 

crop canopy and the trapping consists of 55.9% dipterans and 14% moths 

(Reddy and Heong 1991). Paradosa sp. inhabits in the lower part of the canopy 

while Agriope sp. and Tetragnatha sp. occupy the upper part. Sing eta/. (2001) 

have noted that predation is increased in undisturbed ecosystem. Symondson et 

a/. (2002) also comment that pesticide unsprayed paddy fields increase 

predation rate. Tiwari eta/. (2001) have observed in Jabalpur, India that only 

predation by spider can effectively control the paddy pest population. 

Murugesan et a/.(1982) observed that L. pseudoannulata consumed an average 

of6 fifth instar BPH nymphs/day. When brachypterous and macropterous forms 

of BPH adults were provided as food at I: I, each spider consumed 7 

adults I day. Satpathi (2004) observed the feeding potentiality of different types 

of spiders (Table.2.3 .I). 
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Table.2.3.1: Feeding potentiality of different species of spiders (Satpathi 2004) 

Spider species (adult) N o.of fourth in star Duration of 
nymphs of Aphis maximum 

J!Ossypii consumed I day population size 
Lycosa pseudoannulata 3-5 Sept-Oct 

Pardosa sp. 3-5 Sept-Oct 
Oxyopes lineatipes 5-8 Sept-Oct 

Tetragnatha maxi/losa 3-5 Sept -Oct 

2.3.1.2 Bug 

2.3.1.2.1 Distribution and importance: Heong et al. (1991) recorded 46 

species. of predators (heteropteran bugs and spiders) and 14 species of 

hymenopteran parasitoids of auchenorrynnchous homopteran pests in Philippine 

rice fields. 

2.3.1.2.2 Efficacy of control: In natural condition the actual predatory potential 

can hardly be realized, so the observation is restricted mainly to the green house 

or laboratory situations. From second to fifth instars of the bug, Amyotea 

malbarica (Fabricius) can kill 73 fifth instar larvae of Pelopidas mathias and 

Panrava naso in 18 days. Geetha and Gopalan (2001) have shown that C. 

lividipennis can effectively control the BPH population up to 50%. The average 

predation rate respectively ranges from 14.4-20.6 eggs and 1.6-3.6 nymphs/day. 

Manju~ath ( 1978) observed that rampant application of pesticide reduces the 

predation rate. Rhynocoris fuscipes consumed 3.2 adults of rice hi spa I day in 

laboratory observation. 

2.3.1.3 Beetle 

2.3.1.3.1 Distribution and importance: Beetles are distributed world wide and 

occupy all the habitats and niches of prey. As a predatory order, Coleoptera 

ranks first and the family Coccinellidae is nearly predacious (Laster 1974, 

Mareno et a/.1992). 368 coleopteran species are associated with rice fields. 

Upland environment are habitats to arboreal carabid beetles. Indian coccinellid 

comprises of 57 genera having approximately 300 species of which 261 have 
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known prey records. They have a seasonal occurrence in synchrony with their 

prey population, environmental conditions (Sakurai et al.1993, Bora et a/.2004) 

as well as the taxa (I ves 1981 ), which cause them to occur at the same places 

and substrata of the prey. Table.2.3.2 gives brief record in India. 

Table.2.3.2: Important coccinellid species, their status-wise distribution and 

prey species in India 

Coccinellid species Distribution Prey siJecies 
White backed plant hopper 

Brumoides suturalis Delhi, A.P, Assam 
(WBPH), Sesamia sp, Green 
leaf hopper(GLH),WBPH, 
Leafhoppers 

Coccinella repanda Assam, Tamil Nadu, 
WBRH 

Orrisa 

C. septempuncata M.P Some rice pests 

C. octomaculata - Empoascanara sp. 
C. repanda Karnataka Some pests 
Menochilus Tamil Nadu and some 

BPH,WBPH 
sexmaculata other states oflndia 
Micrapsis inops Tamil Nadu GLH, WBPH 
M. discolour Assam BPH, WBPH 
Rodolia concolor Tamil Nadu BPH, WBPH 

Sticholotis victoris M.P Aphids 

(-):data not available 
Sources: Bhardwaj eta/. (1987), Sahayaraj (2004) 

2.3.1.3.2 Efficacy of control: According to laboratory observation a single 

hungry fourth instar larva of C. sexmaculata and C. septempunctata can easily 

devour more than three hundred aphids in a day (Bind eta!. 2000). The feeding 

voracity of the fourth instar larvae of C. transversalis increases proportionately 

with prey density showing a functional response. The regression values of 

functional response when plotted show a linear relationship between log 

numbers of prey density with the log number of prey consumption. An adult 

carabid ground beetle Casnoidea indica could consume BPH at a rate of 6 

nymphs I day. In a single day, adult staphilinid beetle, Paederus fuscipes in the 

rice field of Tamil Nadu predates 8.3, 8.7 and 8.4 adult BPH, WBPH and GLH 

respectively during January-February (Rajendran and Gopalan 1988). The 

predation efficacy of Paederus sp. on GM pupae may extend up to II%. 
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2.3.1.4 Dragon and damsel fly 

2.3.1.4.1 Distribution and importance: Dragonflies and damselflies are 

amongst the most conspicuous insects associated with the integrated rice fields. 

Dragon flies are generally larger than damselflies and are usually hold their 

wings apart when they rest. There are many species of dragon flies as predator 

of paddy pests globally. During the present study only one species of dragon fly 

was recorded and identified and was found to predate on eggs ofYSB and BPH. 

Also three species of damselflies were obtained during field study of which two 

species could be identified. The major Indian species and their reported 

distribution are given in the table.2.3.3. 

Table.2.3.3: Dragon and damsel fly species, their state wise distribution and 

prey species in India 

Taxonomic status Distribution Prey 

Ceriagrion Orrisa, Assam 
Adults ofYSB and LF nymphs 

coromandelianum and of adult GLH 

lschnura delicate Assam Nymphs and adults of 
GLH,WBPH 

Orthetrum Sabina Orissa, Assam Adults ofYSB and LF 

Potamarcha obscura Orissa Adults ofYSB and LF 

Brachythemis contaminate Orissa Adults ofYSB 

Trithemis pallidinervis Orissa Adults ofYSB and case worm. 

Rhyothemis variegate Orissa Adults ofYSB and LF 

Panta/a jlavescens Assam Adults ofYSB. and LF 

Agriocnemis pygmaea 
Assam, Orissa, WBPH,GLH and 
M.P Cofana sprectra 

Sources: Rajendran aud Gopalau (1988), SahayaraJ (2004) 

2.3.1.4.2 Efficacy of control: Very little information is available regarding the 

predatory potential of the flies. The adult dragonflies and damselflies are 

generalized predators and have been observed to predate on adult of YSB borer 

and leaf folder. Their activity is mostly restricted to the upper part of the plant 

canopy. The aquatic damsel flies are most prevalent in the lowlands (Israel and 

Padmanabhan 1976, Krishnasamy et a/.1984). Nymphs of dragonflies and 

damselflies are voracious predators feeding on variety of small invertebrates. 

These also predate on the eggs of YSB and BPH (Bora et al. 2004 ). 
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2.3.1.5 Guild composition of predatory complex in the agro ecological 

condition of North East India 

Species guilds, rather than single species, often act as the determining factor for 

pest regulation (Table.2.3 .4). 

Table.2.3.4: Important predators of insect pests of paddy recorded from 

pesticide free fields 

Scientific name of the Common Relative Insect pests of paddy and 
enemies name abundance their stages predated 

*Menochilus Lady bird 
Medium 

Plant hoppers : eggs, nymphs, 
sexmaculatus beetles adults 

Ground 
Plant hoppers and leaf 

*Ophionea nigrofasciata beetle High 
(Carabid) folders: larvae 

Anaxipha longipennis Crickets High . Stem borers, plant hoppers 
and leaf hoppers: eggs 
Stem borer larvae and 

*Mesovelia spp. Water bugs Low hopper nymphs : larvae that 
fall on the water surface 

*Cyrtorhinus 
Plant bugs High Plant hoppers: eggs, nymphs 

lividipennis and adults 

*Agriocnemis pygmaea Damselfly High 
Leaf folder: moths, Plant 
hopper: nymphs and adults 

*Agriocnemis femina Damselfly High 
Leaf folder: moths, Plant 
hopper: nymphs and adults 

*Crocothemis sp. Dragonfly High 
Leaf folder: moths, Plant 
hopper: nymphs and adults 

Eubore/lia stali Earwigs Low Stem borer and occasionally 
on leaf folder: larvae 
Stem borer: moths, Plant 

*Lycosa pseudoannulata Wolf spider High hopper and leaf hopper: 
nymphs 

*Oxypes javanus 
Lynx 

Low Stem borer and leaf folder: 
spiders ·moths 

Atypena ( = Cailitrichia) Dwarf 
Low Plant hopper and leaf 

formosana spiders hopper: nymphs 

* Argiope patenulata Orb spiders Low 
Grasshopper: nymphs and 
crickets 

*Tetragnatha maxi/losa 
Long jawed 

Medium Leaf hopper, gall midge and 
spiders stem borer: adults 

Sources: Rajendran and Gopalan (1988), Geetha eta/. (200 I) and Sahayaraj (2004). 

* Recorded in the present investigation 
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2.3.1.6 Factors affecting predation levels: Susceptible varieties support 

comparatively high range of beetle population. Bottrell et a/. (1998) reviewed 

plant resistance that influences the predatory interaction of natural enemies. In 

Sri Lankan paddy fields the predator Ophiona sp. (Thumb.) was ten times more 

abundant on susceptible cultivar indica (H-9) than on japonica (Koshihikari) 

variety although pest population was equally frequent in both the cases. But 

variety independent predatory activity was noted by Pasalu et a/. (1999). The 

varietal resistance and rate of predation was found to be synergistic as suggested 

by Panda (2002). Patnaik (1983) noted that phosphamidon was most toxic to 

Micrapsis discolor and M vincta. Predation by L. pseudoannu/ata to induce 

BPH mortality was respectively 77.1 and 77.5% in resistant and susceptible 

varieties (Kumar and Velusamy 1996). Successful integration of plant-pest

natural enemy interactions is essential for effective biological control. 

L.pseudoanulata responses to the sex pheromone of YSB (Singha and Kumar 

1998). Kairomonal activity of honey-dew of rice hoppers attracts all the life 

stages of C.lividipennis (Jhansilakshmi et a/. 2000). But an inadequate prey 

number indulges the cannibalistic behaviour of predators which hinders 

predatory efficiency. 

2.3.1. 7 Paddy growth stage specific interaction of predators: Tiwari et a/. 

(2001) have conducted field experiment during 1999-2000• to determine the 

paddy growth stage dependent variation of natural enemies in Jabalpur, Madhya 

Pradesh, India. As the growth stage advances the relative composition of the 

species· structure considerably varies. During kharif crop of 1999, collectively 

nine major predators have been recorded at the early crop growth stages namely 

spider, dragonfly (Crocothemis sp.), damselfly (Agriocnemus sp.), predatory 

cricket, rover beetle (Paederus juscipes), ground beetle (Ophionea indica 

[Casnoidea indica]) predatory grasshopper (Conocephalus sp.) and brown bug 

(Andrallus spinidens). Only the first four predators have been recorded at 

maturity stage of paddy. The population of all predators, except for damselfly, 

has been higher at early growth stages than at the maturity stage. 
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2.3.1.8 Effect of cultural practices on predatory guild: Cultural practices 

may enhance or inhibit colonization of natural enemies in the crop fields and 

their efficiency. Cultural practices alter the paddy field environment directly 

which in turn influences the pest distribution (Herzog and Funderburk 1985, 

Andow1997). Planting and harvesting dates, seedling density, row width, water 

management and tillage practices significantly affect both the host and natural 

enemy populations (Herzog and Funderburk 1986). Disapproval of natural 

enemy colonization by herbicide application is doubtful. But clean cultivation 

proves detrimental as it deliberately removes alternative weed hosts for natural 

enemies (Herzog and Funderbuck 1986 and Duffey 1981). 

2.3.2 Parasite of SBs and GM 

2.3.2.1 Distribution and importance 

The SBs are attacked by at least 27 species of egg, 91 species of larval and 17 

species. of pupal parasites. Eulophid egg parasite, Tetrastichus schoerobii, has 

been found to destroy as much as 75% of eggs of Tryporyza incertulus in India 

and up to 90% in Bangladesh. Tetrastichus and Trichogramma are respective! y 

identified as the major paddy pest limiting factors in Warga! (Andhra Pradesh) 

and Kapurthala (Punjab). T.dignoides is widely distributed in Orissa. Hikim 

(1988) found that irrespective of season, Telenomus sp. was the most dominant 

parasite in the southern parts of West Bengal. 

2.3.2.2 Efficacy of control: Parasitoids lay eggs in or on host insects and the 

larvae feed parasitically on the living host and eventually kill it. Larval 

parasitism ofT. incertulus by Tropobracon schoenobii may be as high as 90 per 

cent in some parts of India (Rao 1972). In Sarawak, Malayasia, natural 

mortality of SBs usually exceeds 98% of which parasites and predators may 

account for 90%. T. dignoides parasitizes YSB eggs in Orissa with an efficacy 

of 7.1-35.2% (Senapati and Panda 1999). In some exceptional cases the rate 

may extend up to 100% (Gubbaiah eta/. 1987). Gupta et al. (1985) noted that 

the activity ofT. schoenobii was 30.6% in kharifand 23.7% in rabi season. 
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In Haryana, collective activity ofT. dignus and T japonicum ranges up to 88%. 

A study at CRRI, Cuttack in 2000 indicates that the rate of parasitization is YSB 

egg mass dependent. Relative rate of parasitization varies widely, 3-20% at 

Chinsurah (West Bengal), 73.6-96.9% in Eastern-Ghat zone (Orrisa), 87.6% at 

Navsari (Gujrat) and 86.7% at Karnataka. Gupta et a!. (1985) noticed that in 

laboratory condition the rate of parasitization may extend up to 48% in 

comparison to 23.7-30.6% in field condition. 

2.3.2.3 Seasonality of occurrence: Ridgway et a!. (1974) found that the 

activity of the parasite was season specific and species dependent. In India, the 

outbreak of Nephotettix sp. after extreme weather could hardly be managed by 

the activity of the parasites. Nagarkatti eta!. (1973) found that the extremely 

cold or hot weather was unfavourable for some natural enemies and prevent 

them from building up their population. Tetrastichus schoenobii was most 

dominant except during May to August when Telenomus rowani was dominant. 

They collectively parasitized about 80 and 100% egg masses in March and 

September respectively. The population of Trichogramma japorium was always 

moderately prevalent through out the year. Arida eta!. (1987) showed that YSB 

egg parasitization was season specific and comparatively higher in transplanted 

fields than in directly seeded ones. Patnaik (1983) observed that the rate of 

parasitization by GM parasites was moderate in January, decreased at early 

February followed by the gradual increase at middle of May which was 

maintained up to first week of June. 

2.3.2.4 Guild composition of parasitic complex in the agro ecological 

condition of North East India: Species guilds, rather than single species, often 

act as the determining factor for pest regulation which is given in the table 

2.3.5. 
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Table.2.3.5: Important parasites of insect pests of paddy recorded from 

pesticide free field 

Scientific name 
Relative Stage 

abundance parasitized 

*Tetrastichus schonobii High Egg 

*Telenomus rowani Low Egg 

Copidosomopsis nacoleiae Low Egg 

Xanthopimpla jfavolineata Medium Larvae 

*Stenobracon sp. Medium Larvae 
*Cote:Sia (= Apenteles) 

Medium Larvae 
angustabasis 

*Cotesia (= Apenteles) jfavipes Medium Larvae 

*Trichogramma spp. Low Egg 

*Apanteles sp. Low Egg 

Isotima sp. Medium Larvae 

Sources: Patnaik and Satpathy (1984), Hikim (1988) and Manju et a/.(2002) 

* Recorded in the present investigation. 

Common 
name of insect 

pest 
parasitized 

Stem borer 

Stem borer 

Leaf folder 

Stem borer 

Stem borer 

Leaf folder 

Stem borer 

Stem borer and 
leaf folder 
Stem borer and 
leaf folder 
Leaf folder 

2.3.2.5 Factors affecting the rate of parasitism: The rate of YSB egg mass 

parasiti;zation ranges from 84.6 to 100% in wet season and 28.0 to 74.7% in dry 

season. Patnaik and Satpathy (1984) commented that hairy covering of the SB 

egg masses circumvent the parasitic activity. Hikim (1979) concluded that the 

rate of parasitism was positively correlated with the available adult YSB 

population. Manju et al. (2002) found insignificant positive relation between the 

egg mass and the rate of parasitization. Sukhija et al. (1991) noted higher rate of 

parasitism in pesticide untreated plots (32.8-81.6%) in comparison to the 

pesticide treated conditions (56.21%). Application of quinalphos effectively 

restricts the rate of parasitization up to 40.06%. In laboratory condition, Eco

neme and Neem-Azal are comparatively safer to parasites. Mephosfolan (1.5 kg 

a.i./ha) was highly toxic to the parasites while isophenphos was least toxic. 
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2.3.2.6 Paddy growth stage specific interaction and parasite: At early 

growth stages of paddy the parasitized eggs is less abundant. But as the growth 

stage advances the rate of parasitization is accordingly enhanced. Though YSB 

female deposits the eggs at the same plant height but Trichogramma sp. is 

comparatively less active in maturing plants than the newly transplanted ones. 

Inappropriate microclimatic conditions due to profuse tillering from early 

reproductive stage adversely restrict the egg searching ability of the parasites at 

the lower part of the canopy. Usha Rani (2003) has reported the presence of 

kairomonal compounds from the YSB infested stems which induce parasitic 

attraction. 

2.3.2. 7 Effect of cultural practices on parasites: Parasitization by 

Trichogramma sp. was higher when the soybean fields are in contiguity with 

Desmodium or cotton than the fields associated with grasses or in monocultures. 

Sprenkel et at. (1979) found that predation on soybean caterpillar was high on 

early planted than on late planted soybeans. Tillage after harvest detrimentally 

affects parasite population disallowing their over wintering sites especially the 

stubbles and the ratoon crops (Carl 1979, Holmes 1982). But Andow (1992) 

commented that conservative tillage systems positively alter natural parasitism. 

He noted that parasitization of Ostrinia nubinalis by Trichogramma sp. was 

higher in chisel-plowed condition and lowest in no-tillage system. 
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2.4 Management of Paddy Insect Pests by Cultural Methods 

Agronomic practices modify microclimatic regimes of paddy fields. 

Proper regulation of microclimatic regimes by way of adopting suitable cultural 

practices is expected to have a negative impact on pest population and I or an 

encouraging effect on predators and parasites of the pests. Cultural practices 

have been the most important method for managing pests and preventing crop 

losses in the developing countries (Brader 1979). 

2.4.1 Necessity of cultural control: Inevitability of the cultural control arises 

due to the troubles and hazards related to the pesticide application and the 

consequences of variability and changes of paddy pest biology following the 

rampant field application. 

2.4.1.1 Problems relating to pesticide application 

Specificity: Selective spray formulation is effective against particular pests 

among the heterocomplexes in a particular field. Several insecticides have been 

tested against rice GM and SBs. As for example, Monocrotophos has been 

found effective against SBs but not against GM (Korat et a/. 1999, Zhuang et a/. 

2000,Dash et a/. 2001 ). 

Knowledge of farmers: A Field application of pesticide are expensive and 

requires knowledge on both the chemicals, existing pest pattern and the growth 

stages of paddy plant (Sehgal et al. 2001, Jana 2002, Sing et a/. 2004). Seed 

treatment is normally inexpensive and can be economically justified in many 

cases (Dash et a/. 2001). Foliar sprays have to be repeated to obtain desired 

results as the insecticides are washed off by frequent rains. Granular insecticides 

are effective, but required dosages are too much expensive (Tripathy et a/. 

1999, Dash et a/. 2001). Seed treatments are inconsistently effective against 

SBs and BPH populations (Liu eta/. 2001, Tomar eta/. 2003). 

Phytotoxicity: Singaram and Manickam (1978) reported that theN uptake by 

the plants was enhanced due to the broadcasting of granular carbofuran @ 1.0 

k.g a.i I ha. Chelliah (1979) has also noted an increase in micronutrients in 

plants following carbofuran application which brings about changes in bush 
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pattern that favours pest build up. Sontakke et a!. (1998) gave confirmation to 

the phytotonic effect of carbofuran. Sen eta!. (1984) observed that application 

of carbofuran had a positive influence on WH formation. 

Pest resurgence: Insecticide applications bring about changes in insect biology 

(Raman1981, Kenmore et a/.1984), feeding and ovipositional behavior resulting 

in a steady population build up leading to resurgence (Kobayashi 1961, 

Chandy1979, Abraham et a/.1975, Seetharaman et a/.1984, Krisnaiah 1995, 

Badji eta!. 2004). Altered sex ratio (Raman 1981) increased fecundity (Chandy 

1979) shortened nymphal period (Heinrichs et a!. 1984) and increased adult 

longevity (Chelliah et a/.1980) are common in BPH feeding on some insecticide 

applied rice plants. 

Wood (1973) has reviewed the history of several pest outbreaks in 

developing countries where broad spectrum contact insecticides have been in 

use. In Java, Pachydiplosis oryzae (Wood-Mason) was relatively unimportant 

before aerial application of phosphamidon against SBs but subsequently 

promoted to the heavy infestation by GM (Smith 1972). Ripper (1956) listed 

some 50 instances of pesticide induced pest outbreak. BPH resurgence has been 

reported from Bangladesh (Alam and Karim 1977), India (Chandy 1979). 

Indonesia (Oka 1978), Philippines (Annual report, IRRI 1979) and Solomon 

Islands (Stapley et a/. 1975). Lim (1970) found evidence that chemical control 

tended to aggravate damage by SBs. Chi an and Hudson ( 1972) reported that the 

rampant use of soil insecticides multiplied SB populations. Rothschild (1970) 

pointed out that SB infestation peaked with the higher doses of pesticide 

application. Following the application of organo-phosphorus insecticides, 

particularly parathion, EPN and diazinon T. incertulas, which was the most 

destructive pest of rice in Taiwan, was reduced to minor pest status. However, 

C.suppressalis which was previously a minor pest became a major destructive 

pest (Chu 1971). Smith (1972) reported secondary outbreak in rice fields in Java 

resulted from attempts to control rice stem borers chemically. 
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tern borer: Most of the SBs have alternative host plants particularly the 

weeds, on which the pests survive I subsist in the absence of paddy Th1s 

population act as the reservour for the subsequent crop deterioration (Rezwany 

and Schahosseini 1977). Aikins ( 1957) reported that Sesamia sp., Eldana sp, 

and Busseoia sp. which are economically important SBs in Ghana, survive the 

dry spell by finding fresh cereals or grassy field s suitable for oviposition and 

subsequent development. Kalshoven ( 1981) reported that S. innotata larvae 

undergo aestivation in absence of food crop. S. mcertulus, also aestivates in 

adverse conditions (Perrau et a/. 1965). 

Brown plant hopper: Many species of weeds act as alternative hosts of BPH 

in tropical Asia (Heinrichs and Medrano 1984) and in Bangladesh (Zaherudden 

et a/. 1985) . In the absence of rice, wheat, maize, barely, oats, millet, peanut, 

black gram and jute can act as alternative host for BPH. Further, E!eusine 

coracana, f.eersia hexandra, L. japonica, Saccharum oflicinarum, Zea mays, 

Zizania latifolia and Zizania /ongifo/ia may serve the purpose (Grist and Lever 

1999). 

Gall midge: Rao (1983) reported 28 grasses on which GMs survive during 

paddy off season. Midge can complete its li fe cycle on several species of weeds 

such as Echinochloa crus-galli, as evident from severe shoot generation 

(Natarajan et a/. 1988, Kalode and Bentur 1989). 

Paddy bug: Leptocorisa oratorius and L acuta adults aggregate on trees, or 

other shady moist site of plant canopy. Bermuda grass, wi ld rice, water 

hyacinth, torpedo grass, kodo, sugarcane and tomato are also found as 

al ternati ve hosts of PB (Sands 1977). 

Migration 

SBs are active fliers and can travel up to a distance of 10 kilometer BPH can 

passively migrate long di stance by w ind (Zhu et a/. 2000) . Though GM and PB 

are less di spersive species, small size of the cui tivation fields allow them to 
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migrate to the field border vegetations. Cooter ( 1979) reported that BPH could 

migrate a long range depending on the generation in China, Korea and Japan. In 

China most migrant BPH took off between late afternoon and Dusk, climbed to 

between 3 00-1 OOOm, and continued flight for several hours, dispersing down 

wind, mainly to the south west (Ohkubo 1973). 

2.4.2 Process of cultural control: In consideration of the limitations of 

pesticide applications and variability of pest biology delineated above pest 

control by cultural practices can be manifested by following ways: 

2.4.2.1 Age and number of seedling and landscape conditions: Crop of 

adjacent fields should be so selected that the pest of one crop may not be 

affected by the other crop (Doyle eta/. 2001, Karimuna 2004). Planting of rice 

at different densities influences variable concentration of nitrogen in plants 

(Me Garry et a/. 200 I). Plant density has effects on growth, yield and pest 

performance (Sewaram et a/. 1973, Shukla et a/. 1994, Prasad et a/. 2007). 

Higher seeding rates will lead to higher plant population, more competition for 

limited resources, and possibly more lodging and smaller grain size. Lower 

seeding rates will result in increased tillering with more variation in maturing 

within the panicle, and higher weed populations and grain moisture content at 

harvest (Machado et a/. 2005). Delayed nutrition may lead to delayed growth 

and crop maturing which increases the probability that the crop is affected by 

adverse weather coupled with the high pest population before harvesting season 

(Kadirgamathaiyah et a/. 1970, Surugesan et a/. 1987, Kabir et a/. 2004). 

Injudicious shifting of planting dates imparted a negative effect on the final 

yield (Chakraborty1975, Saroja eta/. 1985, Mukhopadhyay eta/. 1987, Ganguli 

eta/. 2001, Prasad eta/. 2007). 

2.4.2.2 Tillage and mulching: Soil tillage reduces insect populations through 

mechanical damage, by burying them so deeply that they cannot emerge or by 

bringing them to the surface where they may be killed by weather factors, birds 

or other natural enemies (Abdullah eta/. 1998). But some SBs are vulnerable to 

the changes in soil texture that may be brought about by cultivation, whereas 

such changes may favour other species (Ekman 2000, Sharma et a/. 2004). 
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Tillage before the crop is sown will destroy volunteer plants, stubble and weeds 

that may provide food and breeding sites for insect pests, such as SBs as well as 

natural enemies (Cividanes 2002, Legere et a!. 2004). The effects of tillage on 

insect population depend on the method and frequency of tillage, and prevailing 

insect species (Kudo 2003). Plowing when the soil is wet from the first 

monsoon rains will expose soil insects for birds' predation (Zhou et a! 2001, 

Gunnarsson 2007). Zero tillage, however, conserves predators ofYSB (Mahli et 

a/.1998, Albert eta!. 2001, Singh eta!. 2004). Damage to seedlings was less in 

an untreated no-tillage system than in insecticide treated conventional tillage 

systems (Ekman 2000). For this reason the practice of reduced tillage has 

gained acceptance, resulting in the conservation of the natural enemies in the 

rice field ecosystem (Epperlein et a!. 2001). But the problems relating to pre

plant vegetation management, difficulties in establishing stand, limited 

opportunity to apply nutrients properly and varieties that have performed poorly 

in no-tillage system are factors that have limited the commercial use of no 

tillage or other conservation tillage techniques for rice (Phillips et a!. 1980, 

Skrebelis 2001, Ekboir eta!. 2001, Tomar eta!. 2003). 

2.4.2.3 Summer plowing and stubble management: Summer and pre

monsoon plowing will expose soil insects, pupae, white grubs, cutworms etc. to 

heavy sun and adverse seasonal conditions in which they cannot survive 

(Razzaq 1997, Sharma eta!. 2004). Similarly, tillage of soils in and around crop 

plants tends to reduce soil insect (Shave eta!. 2004). The high level of mortality 

of C. Partellus, C. orichalcociliellus and S. calamistis in horizontally placed 

stalks was ascribed to the effect of sun and heat, reaching the thermal threshold 

for poor survival (Pats et a!. 1997). The crop residues and stubbles carrying the 

hibernating larvae and infected plant parts can be destroyed by spreading straw 

over these material and burning (Saha eta!. 1975). 

2.4.2.4 Date and time of plantation and harvesting: Time of transplantation 

affects the grain conditions and pest infestation during maturation (Dent 2000). 

Cultural control with the selection of planting time is based on the principle of 

growing the crop when the pest is not present, or of planting at such a time that 
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the most susceptible stage of crop growth coincides with the time of least pest 

abundance (Dent 2000, Prasad et a/. 2004 ). Chinese farmers maintain proper 

planting dates to prevent damage by the rice borer, Schoenobious incertellus, 

the wheat stem maggot, Meromyza americana and Chilo in.fuscatellus. Rapid 

crop establishment of an early maturing variety reduces SBs damage (Sharma et 

al. 2004). By planting rice within January, the peak period of SBs and BPH 

infestation in April, can considerably be avoided on bora crop in northern parts 

oflndian (Saha 1986, Ganguli et a/. 200 I). Abnormally wet weather and late 

planting are conducive for heavy GM infestation (Dash et al. 2003). Planting as 

soon as the rainy season begins will lower most insect pest populations (Gupta 

eta/. 1985). Saha and Saharia (1970, 1975) reported that in Assam, India the 

delayed transplanting of rice decreased infestation by the YSB. During 

harvesting the paddy plant should be cut at a time of 20-25% moisture content 

or when 80-85% of the grains are straw colored and the grains in the lower part 

of the panicle are in the hard stage. Harvesting rice crops close to ground level 

will considerably reduce infestation in the neighboring crop fields by SBs 

(Doyle eta/. 2001). 

2.4.2.5 Spacing and plant density: Spacing affects the relative rate of growth 

of a plant and pest population, as well as the behavior of the pest in search for 

food or an oviposition site (Ostman eta/. 2001). Close spacing may increase the 

effectiveness of natural enemies and result in greater control of pest 

populations. On the other hand the micro-environment created by close spacing 

may favour some pest species (Whitney 1972). Ahmed and Rao (1965) found 

that increased seeding density and closer spacing led to a reduction in the 

proportions of WH caused by Schoenobius incertellus. They suggested that the 

risk of SB attack can be avoided by closer spacing, the suggestion is compatible 

with recommendation for high yielding varieties. Hopper burn symptoms 

ranged from 100% in closer spacing (10 x 10 em) to 7-67% in wider spacing 

(23 x 10 em). Detailed multi location trials under All India Coordinate Rice 

Improvement Programme (AICRIP) showed that the population of SBs and GM 

were more in case of closer spacing (10 x !Ocm and 10 x !Scm) than in wider 

spacing (20 x 15 em., 20 x 20 em. and 30 x 30 em.). On the other hand, closer 
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spacing resulted in lower incidents of green leaf hopper, rice hispa and whorl 

maggot (Sing and Dhaliwal 1994). 

2.4.2.6 Crop rotation and intercropping: Deterrence of colonization is 

probably one of the most promising means of controlling paddy insect pests 

through intra-field diversity (Pats et a/. 1996). Growing non-preferred but 

suitable crops as alternative in each agro-ecosystem, will not only break the 

chain of host pest relationship, but also reduce pest pressure on both the crops 

(Sastrawinata 1976). Inter cropping of rice with cotton or pigeon pea, in India, 

has minimized green leaf hopper and white backed 'plant hopper populations 

than the rice alone. But the change in pest status from intercropping is highly 

location-specific ( Garg el a/.1982) and the net effect can either be beneficial or 

neutral (Florez eta/. 2000, Faragalla el a/. 2001). Aerial-feeding pests would be 

most affected by intercropping practices (Pats et al. 1997, Izumi et a/. 2004). 

Intercropping or mixed cropping has been widely practiced from centuries by 

small scale farmers. Smith (1972) and Kung (1971) observed that following the 

construction of the Wu-Shan-Tau reservoir in Taiwan, agricultural practices 

were changed. As a result, the most damaging T. incertulas, decreased whereas 

C. suppressalis increased and by 1971 had become the major rice borer pest. 

The introduction of new varieties of paddy crops discouraging crop rotation 

over large areas, coupled with the use of intensive cropping systems, provide 

excellent possibilities for massive pest development (Ganguli et a/. 2001). 

Extension of the growing season in irrigated cultures by staggered sowing or 

planting increased the number of generations of Tryporyza sp. Cleare (1927) 

found that the sugarcane borer, Diatraea saccharalis causes serious injury to 

rice plants and recommended the planting of a pulse crop such as cowpeas or 

mung beans in rotation between rice crops. But crop rotation has little to no 

influence on the densities of the many important insect pests, especially 

migratory insects such as armyworms, corn worms, potato leaf hopper, green 

clover worms, and corn leaf aphids (Henn 1991 ). 

2.4.2. 7 Irrigation and water stress management: Moisture regimes due to 

irrigation affect insect pest populations by increasing soil moisture (Das et al. 
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1977). Sing eta/. (1974) found that some insect pests become severe in irrigated 

condition. Irrigation also indirectly influences pest situations by promoting 

luxurious plant growth. Intensive and multiple cropping are favourable for some 

pest generations (Choudhary eta/. 1960). Choudhury and Sharma (1960) found 

that methods of irrigation insignificantly affected the pest level. But frequent 

irrigation increased infestation. Das et a/. (1985) noted that submergence for 

variable time influences the nutrient status of dwarf indica varieties which in 

turn influence pest complexity. Das eta/. (1977) reported from Kerala that the 

incidences of hopper burn were largely influenced by the field standing water. 

Flooding immediately after harvest increases the mortality of SB larvae in the 

stubbles. But the retention of standing water for longer period increases 

susceptibility to GM. 

2.4.2.8 Nutrition and fertilizer management: N enhances the susceptibility of 

the plant to various ·diseases and insect pests. Integrated use of organic and 

inorganic fertilizer with the slow releasing N protectors is the alternative 

choices to control pest performance (Rinaldi et a/. 2004). Increased N fertilizer 

on lowland rice has favoured higher population of plant hopper, leafhopper and 

leaf folders (Sing and Sing 1977, Mohapatra et a/.1982, Jiang et a/. 2003). 

Greater insect survival is enhanced due to the availability of better nutrition. 

Larger insects in the presence of more foliage show greater fecundity (Starks et 

a/.1971). A lowering of the total level of minerals by erosion, over-cropping 

and faulty crop rotation may be conducive to some insect species (Dalal 2004, 

Dimitrov (2003). Ghosh (1962), Raj and Morachan (1973), Saha and Saharia 

(1970,1975) and Singh and Singh (1977) have noted an increased T. incertulas 

activity with the corresponding addition of field inorganic N. Singh and Singh 

( 1977) elaborated the dose dependent positive effect of inorganic N fertilizer 

upon the infestation of T. incertulas. But the field application of silica increases 

the resistance of rice plants to C. suppressalis (Nakano et a/. 1961). In the 

fields of Tamil Nadu populations of T. incertulas and Nephotettix sp. 

significantly intensified with higher input of nitrogen and phosphorus. Higher 

doses of inorganic fertilizer increases the N content in plants which imparts 

positive effect on the survival of the SBs in fields (Van den Berget a/. 1991). 
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Setamou et a/. (1993, 1995) noted an accelerated larval development resulting 

in multiple generations of SBs following high doses of inorganic N input. A 

linear decrease of yield from 20% with no fertilizer to 11% with 100 kg of 

nitrogen! ha was noticed. 

2.4.2.9 Weeding and habitat management: Habitat management through 

weeding may influence arthropod natural enemies over a variety of spatial scale 

(Bugg eta/. 1987, Landis 1992) and have an impact on the structure of natural 

enemy communities (Landis et a/. 1998, Mareno et a/. 1999). Increasing habitat 

fragmentation at a local scale can result in the loss of parasitoid species (Kruess 

eta/. 1994). Weeding during the first month after crop establishment will force 

pests such as BPH which prefers grassy weeds to attack paddy (Yamada et 

a/. 2007). Hence such early weeding is not prudent. Further, clean cultural 

practice in the bund or in the fallow land may force BPH to attack rice plant at 

early growth stages ( Rapparini 2001 ).Yield losses in India are estimated to be 

I 0% and in Philippines 11 % during dry season and 13 % and 16% during the 

wet season (Shave 2004, Shibayama 2001). AICRIP- weed control estimated 

that yield losses were maximum in totally unwedded paddy planted plots. The 

loss may amount to 16.9% in transplanted rice fields. 
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2.5 Paddy Plant Protection Scenario in India: A Trustful 

Reliance on Pesticide 

Introduction of high yielding paddy varieties and the accomplishment of the 

intensive cropping ask fastidious nutritional requirement. Srivastava (I 993) 

discussed a number of situations in India where poor or negative results were 

obtained after pesticide application. Side by side application of different types 

of pesticides encouraged various ranges of toxicity with perennial incorporation 

in the of biotic agents. 

2.5.1 Consequences of toxicity in ecosystem 

2.5.1.1 Percolation in the paddy field ecosystem: Compounds such as organo

chlorines, arsenicals and parquets are strongly absorbed by clay particles, but 

others are rarely dissolved in water when applied to the paddy field. Pesticides 

are taken up by paddy crops from soil and they may also contaminate the 

ground water. Residues of DDT have been detected in Yamuna river in New 

Delhi ( Pillai and Agarwal 1979) and Ganga river around Farrukhabad region of 

Uttar Pradesh (Agnihotri et a/.1995). Kulshrestha (1989) reported the presence 

of DDT, aldrin and HCH residues in water samples collected from selected crop 

locations of Madhya Pradesh and Rajasthan. The proportion of pesticide lost to 

run-off is normally very low, rarely exceeding 0.5% of the total amount applied. 

2.5.1.2 Residual pesticide in food stuff and consequent health issues: 

Carbofuran granules were applied to the rice field at 2000 g.a.i./ha. left post

harvest residues of 0.35-0.79 ppm, 0.43-0.55 ppm in grains, husk and soil 

respectively. Presence of DDT and HCH residues at a maximum level of 0.1 

ppm in market samples of rice and maize flour at Ludhiana, Punjab was 

documented (Dushoff et a/.1994, IPMWG 1994). Senapati et a/. (1988) noted 

that mean initial residue of 10 ppm (0.05%) and 19.91 ppm (0.01%) were 

reduced to 3.26 and 5.19 ppm, 10 days after pesticide application, to 1.14 and 

2.11 ppm, 20 days after application and to non detectable level 30 days after 

application. Soil samples from paddy fields in Punjab (Ludhina district) have 

56 



Review of literature 

both DDT and HCH residues. In northern parts of West Bengal market samples 

of rice were found to contain 0.028-0.972 ppm HCH residues (BCKV 2000). 

2.5.1.3 Toxicity to the farmers: Persistent long time accumulation of 

pesticides in the human body causes metabolic disorders, cytogenetic damage, 

neurological maladies and impaired aplastic anemia. About 2.9 million cases of 

acute exposure to pesticides are reported annually from the tropic, out of which 

220,000 deaths occurs (Heimichs et a/.1984, Dushoff et a/.1994, Kenmore 1996). 

2.5.1.4 Consequences of toxicity on the biotic agents: Pesticides harm the 

populations of natural enemies by direct toxicity or indirectly through the 

host/prey or through alternative food source (Cohen eta/. 1999, Schoenly eta/. 

I 996). Synthetic insecticides are capable of reducing the effectiveness of the 

parasite-predator complex by destroying host/prey population on which they 

depend'(Newsom 1967). 

2.5.1.4.1 Predatory interaction: Croft and Brown (1975) have reviewed the 

response of arthropod natural enemies to insecticide and also tabulated the data 

on toxicity of more common insecticides, I 0 species of coccinellid predators, 13 

species of other arthropod predators, 17 species of hymenopteran parasites and 

I species of tachinid parasite. Resistant field populations have been reported in 

more than 500 species including mites, spiders and 14 orders of insects 

(Georghiou and Lagunes 1991). The distribution in the key orders with the 

species number was Diptera 177, Lepidoptera 74, Coleoptera 72, and 

Homoptera 51 and mites 71. Insecticide applications at an early age of paddy 

plantation destroy the ecological balance, wipes out the predators particularly 

spiders, predacious water striders of the genera Microve/ia and Mesovelia and 

the mirid bug C. lividipennis. Destruction of such natural enemies had been 

confirmed as key factor for the emergence of the BPH as secondary pest 

(Heimichs et a/ .1984, Kenmore 1996, Orr et a!. 2001). Shu et a!. (2000) 

suggested that by judicious application of Regent (fipronil) spider population 

can be maintained. Sain et a!. (200 1) suggested that repeated spraying of foliar 

insecticide quinalphos significantly reduced both mirid and spider populations. 

Patnaik (1983) found that in laboratory condition phosphamidon was most toxic 
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to Coccinella repanda, Micrapsis discolor and M vincta. Insecticide-induced 

resurgence of green leaf hopper, N Cincticeps has been attributed to the 

destruction of natural enemies especially spiders (Kiritinil971, Heong et a!. 

1998). Kiritani eta!. (1973).found that BHC applied to irrigated rice field was 

only imbibed by the green rice leafhopper N cincticaps (Uhler) and passed on 

to the spider L. Pseudoannulata. 

2.5.1.4.2 Parasitic interaction: Ishihara (1973) had referred to the elimination 

of parasites such as Temelucha (=Cremastus) biguttula in many parts of Japan 

after the second world war due to the consequence of innundative application of 

DDT. The borer, Chilo suppressalis increased in many areas of Japan followed 

by destruction of the egg parasite viz, T. japonicum due to the excessive use of 

pesticide (Doutt 1961, Chul971, Wood 1973). 

2.5.2 List of some common insecticides applied in the paddy fields 

throughout the world: Some common insecticides which are applied in the 

paddy fields are furnished in the table 2. 5 .I 

Table.:i.5.1: Some common insecticides used in the paddy fields globally 

Recommended 
Active chemicals Type application LDSO Toxicity Target 

mglkg class organism 
Rate kg (a.ilha) 

BPMCof Carbamate 0.40 623 WHO GLH,BPH, 
fenobucarb (II) TH 

BPMC+ Synthetic WHO PB,DF, 
alphacypermethrin pyrethroid 0.81 79 (II) 

SM,GLH, 
TH 

Chlorpyriphus + Organic 
WHO 

PB,DF, 
BPMC phosphate 0.40 96 SM,GLH, 

(II) 
TH 

Bupro(ezin thiadiazine WHO 
BPH,GLH 

compound 0.05 2194 
(III) (Nymphs), 

PB 

Carbaryl Synthetic 
0.75 246 WHO GLH,PB 

compound (II) (nymphs) 

Carbofuran Carbamate EPA(Il) 
SM, WM, 33.3 8 (Furadan SB 

-G) 
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Recommended 
Active chemicals Type application LDSO Toxicity Target 

rate kg (a.i/ha) 
mg/kg class organisms 

Cartap-Hcl Neurotoxin 
0.25 325 

WHO SM,WM, 
(II) SB,NM 

Chlorpyriphos Organic 
0.4 96 

WHO SB,PB, 
phosphate (II) GLH,TII 

Cypermethrin Synthetic 
11 247 

WHO SB,PB, 
pyrethroid (II) GLH,TII 

Deltamethrin Synthetic WHO 
pyrethroid 0.015 128 

(II) 
BPH,GLH 

Diazinon Organic 
1.00 300 

WHO 
GLH,SB 

phosphate (II) 

Dimethoate Organic 
0.4 225 

WHO 
GLH,SB,TII 

phosphate (II) 

Fipronil Phenyl 
0.015-0.050 95 

WHO SB,BPH, 
pyrazole (II) GLH 

Malathion Organic WHO GLH,BPH, 
phosphate 1.00 1375 

Til, PB (III) 

Isoprocarb Carbamate 
0.50-0.75 178 

WHO 
BPH,GLH (II) 

-
Metolcarb+pharate Carbamate 268+ WHO 

+ 0.9-1.2 (II) 
GLH,BPH 

phenthoate 300 

Triazophos Triazole 
1.4 57 

WHO SB,GM,PB, 
(lb) TII,WM 

SM: seedling magog!, SB: stem borer, GM: gall midge, BPH: brown plant hopper, Til: thrips, 
WM: worl maggot, GLH: green leafhopper, NM: nematode 

Sources: Cremlyn 1980, Heinrichs eta/. 1984, Chelliah eta/. 1990, Dushoff et a/.1994, 
Kenmore 1996 
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2.5.3 R,ecommended insecticides for different rice insect pests 

The recommended insecticides for controlling the paddy pests in India are 

furnished in table.2. 5.2 

Table.2.5.2: Pesticides recommended in India for management of insect pests 

of Paddy 

Pests Pesticides 

Scirpophaga Acephate, Bromophos, Carbaryl, Carbofuran, Cartap, 
incertulus Chlorpyriphos, Endosulfan, Ethion, fenitrothion, 

(Yellow stem borer) Lindane, Monocrotophos, Phosalone, Phorate, 
Quinalphos 

Nilaparvata lugens Carbaryl, Carbofuran, Diazinon, Endosulfan, Ethion, 

(brown plant hopper) Fenthion, Lindane, Methamidophos, Monocrotophos, 
Phorate, Phosphalone, Phosphamidon 

Nephotettix sp Carbaryl, Carbofuran, Chlopyriphos, Cypermethrin, 

(Green leaf hopper) Decamethrin, Diazinon, Fenitrothion, Monocrotophos, 
Phosphamidon, Fenthion, Phorate 

Orseolia oryzae Carbofuran, Chlopyriphos, Diazinon, Fenthion, 

(Gall midge) Mephosfolan, Phorate Phosphamidon ,Quinalphos 

Leptocorysa sp 
Fenthion, Malathion 

(Gundhi bug) 

Dicladispa armigera Carbaryl, Carbofuran, Chloropyriphos, Fenitrothion, 

(Rice hispa) Methylparathion, Monocrotophos, Permethrin, Phorate, 
Phosphamidon, Phosvel, Quinalphos, Thiodemeton 

Cnaphalocrosis Acephate, Carbaryl, Carbofuran, Cartap, Chlopyriphos, 
medina/is Fenthion, Fenvalerate, Monocrotophos, Permethrin, 

(Leaf folder) Phosphamidon, Quinalphos, Triazophos 

Mytimna separate Aldrin, Carbaryl, Chlopyriphos, Dichlorvos, 

(Climbing cut Endosulfan, fenthion, Malathion, Methyl Parathion, 

worm) Phosphamidon, Quinalphos, Trichlorphon 

Breveninia rehi Carbofuran, Chlordane, Chlorpyriphos, Dimethoate, 

(Mealy bug) Dieldrin, Endosulfun, Phorate, Phosphamidon 

Sources: Heinrichs eta/ .1984, Chelliah,S et a/.1990, Srivastava 1993, Kenmore 1996 
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Materials and Methods 

3.1 Location and climatic conditions: The District Uttar Dinajpur is situated 

between 26°35'15 .. (N) - 87°48'37 .. (W). The District comprises of two 

administrative sub-divisions - Raiganj and Islampur, encompassing an area of 

3140 Sq. k.m. which is 15mt. above msl (Fig.3.1). The climate of this zone is 

sub-tropical humid in nature. The average annual rain fall varies from 2087 to 

3000 mm, the maximum rainfall occurs during the rainy months of June to 

September amounting to more than 80% of the total rain fall. The annual 

average day night temperatures range between 19.7and 27.9°C with the mercury 

soaring even as high as 38°C in April and cascading to a low of3°C in January. 

The relative humidity at 8:30 hours is 60% and 87% in March and July 

respectively. In almost every year the district variably experiences drought and 

flood (District Statistical Hand Book 2004, Uttar Dinajpur, Director Bureau of 

Applied Economics and Statistics. Govt.of West Bengal.)(Fig.3.2a-d and 

table.3 .1 ). 

3.2 Socio economic pattern and agronomic scenario: The District offers the 

special. agronomic patterns accounting 239500 agriculture dependant families, 

88536 small farmers (5.22%) 135827 marginal farmers (8%), 242564 

agriculture land less labour (14.29%). Among the two administrative sub

divisions, Raiganj comprises of 4 blocks, namely Raiganj (227 villages), 

Hemtabad (116 villages), Itahar (217 villages) and Kaliaganj (198 villages) each 

of which has distinct socioeconomic pattern with more than 90% rural 

population. Major cash crop in all the blocks is paddy (District Annual Plan on 

Agriculture, Uttar Dinajpur, 2002-2003. Govt. of West Bengal.). 

The nature of the soil and the status of the nutrients in the paddy cultivated 

lands of the three blocks are shown in the table 3 .1 and 3 .2. Physio-chemical 

properties of the experimental soil were determined by standard methods: 

Particle size distribution of soil by International pipette method (Piper 1950), 

Soil texture by USDA system (Brady 1996), Soil PH by Potentiometric method 

(Jackson 1967) and total nitrogen (%) by modified Kjeldahl method (Jakson 

1967). 

61 



400 

l<mMdlghl 

. - ~ 
~ ..... ~ 

fiil:~~ ~·::; Rlu Produ~llor. 
1 Oo t "' 0 I Perc~nt 

WIHO 'bRMO~ ZOCJC • J al otvu .l 
- SJa.uncanlly Above!fo:...o.J .......... ,.. ... 
- · or. IJ Ran9t 

•.co•lhr.a.l 
- SIJz..Ul.C inl:T lh:ow • otal.l 

800 ht11e:s 

Bhatole 

Maharjahat 

Balitpur 

Figs. 3.1: Location of the District and the study area( a-d) . 

62 

Tista - Tarai Plain 

Bhagilata 

Bharatpur 



0, 
w 

Table.3.1: Monthly data on climatic parameters (Mean ± SE~ during the years of investigation (2003-2006) 

Abiotic conditions during the experimentation 

Months Forth Temperature (°C) RH(%) Sunshine 
night maximum minimum maximum minimum (hours/day) 

(Tmax) (Tmin) (RHmax) (RHmin) (Shr) 

Jan 
A 18.17±0.67 13.14±1.34 84.10±2.45 57.14±2.44 7.24±0.21 
B 18.45±1.11 15.12±1.11 82.62±2.33 58.61±2.67 7.92±0.23 

Feb 
A 19.82±1.21 18.12±2.12 81.21±2.11 67.92±3.11 7.01±0.31 
B 20.10±2.11 19.14±2.13 78.45±3.66 69.64±3.02 7.44±0.44 

March 
A 20.64±1.32 19.82±2.31 79.41±3.45 52.61±3.33 7.64±0.11 
B 23.12±1.32 20.21±2.44 80.21±4.11 58.64±2.34 7.81±0.31 

April 
A 28.92±1.12 21.64±2.33 81.14±4.23 69.14±1.67 7.84±0.11 
B 29.68±1.03 22.14±2.56 82.15±4.11 68.72±2.67 7.98±0.12 

May 
A 31.62±1.11 22.91±1.77 79.62±4.67 65.12±2.64 8.12±0.13 
B 32.12±1.45 24.72±1.67 81.81±3.56 65.48±3.44 8.41±0.12 

June 
A 34.18±2.11 25.70±1.78 86.20±3.44 67.10±3.78 8.80±0.21 
B 32.81±1.54 25.60±1.89 89.40±3.23 72.40±4.12 5.50±0.14 

July 
A 32.40±1.02 25.61±1.90 90.60±3.44 76.10±4.34 4.72±0.33 
B 31.90±1.32 25.71±1.56 88.60±3.67 75.80±4.67 5.58±0.21 

August 
A 30.52±1.23 25.83±1.66 89.41±3.78 75.40±2.67 6.47±0.33 
B 31.10±1.39 25.40±1.88 89.40±3.88 69.70±4.89 6.05±0.50 

Sept 
A 31.81±2.31 24.96±1.56 90.16±3.99 73.60±4.33 6.31±0.33 
B 29.50±3.12 24.20±1.44 89.16±2.34 69.20±3.22 6.97±0.24 

Oct 
A 30.38±2.23 22.18±1.34 88.90±2.67 60.80±4.23 8.38±0.27 
B 30.56±1.22 18.40±1.26 86.92±2.55 52.15±3.11 5.59±0.29 

Nov 
A 26.80±2.13 18.10±1.67 85.30±2.45 44.10±2.33 8.32±0.41 
B 25.10±2.78 17.05±1.34 84.80±2.51 43.70±2.41 7.89±0.31 

Dec 
A 22.60±2.67 11.70±1.33 95.78±2.23 64.22±2.11 7.21±0.33 
B 21.65±2.01 10.90±1.34 96.44±2.34 61.65±2.12 7.01±0.32 

A-First fortnight, B -Second fortnight 

Rainfall (Rfall) 

Amount(mm) rainy day 
0.80±0.02 01±0 
1.14±0.01 01±0 
4.12±0.11 01±0 
4.14±0.45 01±0 
4.64±0.78 01±0 
5.25±1.11 02±1 
7.14±1.34 02±1 
21.16±2.11 03±1 
28.12±4.11 04±1 
31.64±3.25 03±1 
78.72±3.21 03±1 
210.95±6.22 05±1 
167.60±4.11 04±1 
142.70±2.23 03±1 
116.80±2.67 04±1 
110.73±3.56 04±1 
110.70±5.78 03±1 
108.30±7.33 03±1 
45.74±4.23 01±1 
6.40±1.11 02±1 
7.10±1.21 01±0 
6.80±1.32 01±0 
1.02±0.56 01±0 
1.23±0.11 01±0 
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Figs. 3.2: Data on climatic parameters during the study, a-d: 2003-2006. 
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Table.3.2: Nature of soil and paddy cultivation area (ha) in the three blocks 

Blocks Sandy Sandy loam Loam Clay loam Clay Total 

Raiganj 1000 30,000 3,200 600 400 35200 

Hemtabad 860 12,000 1590 500 250 15200 

Itahar - 1,000 12335 17300 1000 31635 

(-)-Data not available 
Source: District Annual plan on Agriculture, Uttar Dinajpur 2002-2003. Directorate of 
Agriculture, Govt. of West Bengal. 

Table.3.3: The status of soil nutrients in paddy cultivated lands 

Carbon 
Range of nutrient status 

Blocks 
(%) Av.PzOs Av.K20 

PH 
EC 

kglba kglha m.mho/ em 

Raiganj 0.29-0.48 5.8-172 15-176 5.0-6.4 0.06-1.25 

Hemtabad 0.24-0.52 21-200 27-367 4.6-6.1 0.05-0.31 

Itahar. 0.18-0.90 45-89 12-75 5.2-6.3 0.05-0.29 

Source: District Annual plan on Agriculture, Uttar Dinajpur 2002-2003. Directorate of 
Agriculture, Govt. of West Bengal. 

3.3. Site of investigation and agro ecological conditions of villages: The 

investigation was carried out in 20 viiiages in the adjoining blocks namely 

Raiganj (10 viiiages) Hemtabad (5 villages) and Itahar (5 villages). All the 

selected viiiages alienated from the nearby village by an average aerial distance 

of10-18 km. 

The respective serial number against the name of the viiiages denotes their 

relative position in north-south direction within the block. The agro ecological 

profile -of particular experimental fields of the villages is furnished in table 3.4 

The average value of the five plots in each of the villages has been computed. 

65 



Materials and Methods 

Table.3.4 Agro-ecological profile of the villages 

SI Village(s) Nature of soil status Cropping 
No. PH N:P:K/ha C% intensity (%) 

Block: Raiganj 

1 Bhatole 5.4 450.1:6.23:303.1 0.78 172 

2 Bindole 5.7 410.2:7.14:270.8 0.81 189 
3 Bhagilata 6.1 380.3:6.56:277.2 0.85 188 
4 Khoksa 5.2 372.3:6.98:301.1 0.79 174 
5 Maharajahat 5.0 377.4:6.75:299.1 0.77 193 

6 Sit gram 5.3 389.4:7.22:278.9 0.67 176 
7 Lohanda 6.0 489.5:7.89:304.5 0.85 188 
8 Bahin 5.6 467.4:7.67:208.1 0.71 176 

9 Subhasganj 5.8 488.6:7.96:287.5 0.66 186 

10 Rupahar 5.3 438.2:7.77:278.3 0.68 189 

Block: Hemtabad 

11 Bharatpur 5.7 429.4:6.98:290.8 0.72 214 

12 Malone 5.5 466.3:6.98:287.9 0.75 221 

13 Bishnupur 5.8 436.2:6.78:344.2 0.71 198 

14 Madhabpur 5.1 467.3:6.99:342.8 0.73 199 

15 Bangalbari 5.0 389.4:7.08:341.5 0.77 219 

Block: Itahar 
16 Balitpur 5.8 490.3:7.55:389.3 0.81 169 

17 Bhagnail 5:2 433.2:8.21:324.5 0.82 176 

18 Chandigram 5.1 469.3:8.01:287.5 0.79 175 

19 Durlavpur 5.9 428.4:8.00:341.4 0.80 162 

20 Mamai 5.4 435.3:6.78:301.3 0.81 161 

3.4 Description of variety: The description of the variety under consideration 

is given in the table 3. 5 

Table.3.5 Description of the varieties with their commercial characteristics 

Variety Parentage Accession Commercial characteristics 
(High no. 

Qualities Crop Yield 
yielding) duration q/ha 

Grain Tillering Insect group 
size range resistance (Seedling to 

maturation) 

Swarna 1R20 lET Bold High Medium Long 28.6-
Mashuri X 7029 duration 38.8 

Pusa 33 (>140 days) 
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3.5 Identification of the pests and natural enemies: During the identification 

of the species their morphological characteristics together with the habitat of the 

pests were duly considered. Identification of the species was done on the basis 

of morphological characteristics of adult as described by Israel and Rao (1954). 

Kok and Varghese (1966), Rao and Nagaraja (1966), Grist and Lever (1969), 

Nishida and Tori (1970), Kapur (1984) and Senapati and Panda (1999). 

3.6 Recording of data on the insect pest dynamics and incidence: Dynamics 

of the pest activity was assessed in two ways. Relative variability of the pest 

occurrence was noted as a prophylactic measure for immediate implementation 

of regulatory pest control protocol. The other process was mostly relied upon 

the assessment of pest induced damage which could be used for the corrective 

measure for designing future cultivation strategy. Present study encompasses 

both prophylactic and corrective assessment with an aim to formulate an easily 

accessible protocol for both present and future pest control strategy. 

3.6.1 Estimation on dynamics 

3.6.1.1 By quadrate estimation (Bandong eta/. 1991) 

3.6.1.1.1 Structural components: A simple quadrate of flat metal bars, was 

fastened to an anchoring bar with a wing nut screw. The anchoring bar allowed 

the quadrate to be raised as the crop grows. Quadrate was square (2 x 2mt. or 

0.5 X 0.5 mt.) or rectangular (2.5 mt. x 2.5 mt.) to allow plants to be more 

easily grasped by hands and facilitated counting of tillers, leaves and insects. 

The anchoring bar was jabbed in to the soil at randomly chosen points in the 

fields. The quadrate was attached with its leading side open. Once the quadrate 

was firmly anchored the notched front bar was filled in to the place to enclose 

the sample plants in the quadrate (Fig.3.3a). 

3.6.1.1.2 Operational system: The dynamics of the insect pests in each plot 

was recorded in terms of their availability within a particular quadrate form 

15 day after transplanting (DAT) till the yellow maturing stage ofleaves. At 

the time of operation attention was given to minimize the unnecessary 

mechanical disturbances to the plant canopy. Pests and natural enemies so 
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observed were visually counted and tabulated. Average value of 10 quadrates 

from 20 x 20 mt. field was taken in to consideration. 

3.6.1.1.3 Applicability in pest counting: By applying this method egg mass of 

YSB, dead heart (DH), white head (WH) caused by YSB, leaves damaged by 

BPH, grains damaged by paddy bug (PB) and the population of natural enemies 

were counted. 

3.6.1.2 Light trap estimation 

3.6.1.2.1 Structural components 

Inexpensive light trap designed by the Entomological department, IRRI 

was used for pest monitoring with befitting modifications. Kerosene light 

source in the original trap was replaced by electric lights of different intensities. 

The funnel shaped exhaust cap extends 4 em down into the lantern body for 

efficient removal of the accumulated heat inside of the glass. The lantern 

attached to a wooden support frame and was periodically hanged above the rice 

crop from the very date of transplantation. The frame has platform that supports 

basin of oily water to immobilize the fallen insects. Count was made on the 

following day (Fig.3 .3b ). 

3.6.1.2.2 Operational systems · 

3.6.1.2.2.1 Seasonal estimation: 5 light traps (200 watt) were equidistantly 

placed in the paddy field ( 1 00 mt x 100 mt. ), 8mt. above the ground level, with 

a collection pan (r=30cm.) below the light trap, from early vegetative stage to 

the ripening stage, in every fortnight. There were five replications in each year 

for the four successive years for pest estimation from each of the catches and in 

each block. Overall seasonal dynamics of all the pests and natural enemies was 

noted after installing light trap (200wt) in mono-cultural paddy field. However 

during . the study on YSB brood emergence collection of four traps were 

collectively considered. 

3.6.1.2.2.2 Periodic light trap estimation: 5 automatically monitored light 

traps (200 watt.), each in every paddy field (100 x100 mt.) was installed 8 mt. 

above the ground level, from early vegetative stage to the ripening stage from 
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6:00 pm. to 6:00 am. The catches were transferred to separate container at 

hourly intervals. The sexes were separated, counted and the percentage was 

worked out to find out the effective time for the installations of the light traps. If 

on a specific date rain occurred, collection was done on the following day. 

3.6.1.2.2.3 Pattern of collection in two fields: Relative influence of three 

different proportional variations of organic and inorganic fertilizers on the 

bionomics of YSB population was assessed in the two paddy varieties. All the 

fields under observation were treated with 120 kg N I ha. Collection was done 

every fortnight and the average value of population was taken into 

consideration. In this case too, if on a specific date rain prevailed, collection 

was done on the following day. 

3.6.1.2.2.4 Coloured light trap estimation for BPH population: Light trap 

with four different colours (green, red, yellow, white) were set up in the farmers 

agricultural fields from 5-19 weeks after transplantation (WAT) and the average 

pooled data for different colours were taken separately for subsequent analysis. 

Evaluation indicated the relative trapping efficacy of different colours. Selection 

of the traps were made in due consideration of the emitted light quality of the 

traps commonly adopted by the farmers. 

3.6.1.2.2.5 YSB moth settlement during light trap collection: In order to 

understand the relative consequences of formation of damaging symptoms by 

YSB, light traps were set up throughout the cultivation season in three 

consecutive years especially from the early vegetative stage to the late tillering 

stage of paddy. The trap was placed at 6 mt. high with an operating period from 

21:00- 07:00 in three collection conditions system as specified below: 

3.6.1.2.2.5.1 Collection of the yellow stem borer population in relation to 

the growth stages of paddy 

Continuous period: Traps were installed uninterruptedly for 10 days 

from 18:00- 06:00 hours either at vegetative or at tillering stage of plant. 

Moths collected under each separate operation at different distances 

encircling the 'trap zone' were counted separately. 
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Discontinuous period: Operation of light trap was done in discontinuity, 

5 days at vegetative stage and the remaining 5 days at tillering stage. 

Moths collected at different distances under such conditions were taken 

collectively. 

3.6.1.2.2.5.2 Collection of the YSB population in relation to the time of trap 

settlement: Traps were set up in the field either in early night (18:00-24:00) or 

at late night (24:00-06:00). Moths collected at different distances surrounding 

the trap area, under each operation were counted separately. The counts from 

different distance were evaluated against the distances from the trap zone under 

different application settings. 

3.6.1.2.3 Applicability in pest counting: Pests collected under the trap 

operation was counted on the following day. A correlation study was made 

between the light traps catches with the prevailing meteorological conditions of 

the successive four years. Utility and the efficacy of the light traps were 

determined after assessing the differences of YSB field population and the 

consequences ofDH and WH, before and after the installation of the light traps. 

3.6.1.3 Hill or area estimation 

Assessment of the field population of both the pest and natural enemies was 

done normally on diagonally selected 20 hills from 20 x 20 mt. plot. However 

the number of the examined hills varied depending on the situation. The average 

value was considered as the relative occurrence of the particular pest and natural 

enemies. In some occasions pests or pest induced symptoms were assessed 

within specified area and the hills within the area were examined (Fig.3.3c). 

3.6.2 Estimation on incidence 

The population of the insect pests in each plot was recorded in terms of 

their respective damage produced to leaves or to plants, at weekly interval 

starting form 05 DAT till the yellow maturing stage ofleaves . At the time of 

recording data, only fresh damage was considered. 
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3.6.2.1 Determination of yellow stem borer (YSB) incidence 

3.6.2.1.1 Activity of the adult moths: The infestation of YSB was recorded 

in terms of number of DH and WH produced during vegetative and 

reproductive stages respectively in each plot. For assessing the stem borer 

damage during vegetative stage, 20 hills from each plot (25 x 25 mt.) were 

selected diagonally. Total number of tillers and stem borer infested tillers were 

counted there from. For estimation of WH, total number of panicle bearing 

tillers and the stem borer affected tillers i.e. WHs were counted in the same 

manner. The percentage of DH and WH of individual plot was calculated 

by using the following formula described by Singha and Pandey ( 1997). 

Number ofDH I WH 
DHand WH% = ---------x 100 

Total number of tillers 

No. of damaged leaves 
%of Damaged leaves= ---------x 100 

Total No. ofleaves 

Depending on the severity of the infestation gradation was made as given in the 

table.3.6 

Table.3.6: Scale showing the grade of infestation by YSB 

Grade Dead heart(%) White head (%) 

0 None None 
I 1 to 20 1 to 10 
3 21 to 40 11 to 25 
5 41 to 60 26 to 40 
7 61 to 80 41 to 60 
9 81 to 100 61 to 100 

3.6.2.1.2 Study on YSB's egg mass: Fields were periodically examined from 

the early vegetative stage to the maturation stage of paddy. 20 hills were 

diagonally inspected from 25 x 25 mt. field area. When egg masses were 

observed the respective plant part was incised off and the percentage (egg 

mass/1 00 hills) was calculated. 
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3.6.2.1.3 Study on YSB's parasitized eggs: Four freshly cut leaves with YSB' s 

egg clutches were collected at different growth stages from the paddy field at 5 

days intervals and put inside a plastic vial which was plugged with wet tissue 

paper. The vials were kept with open end down in a jar/basin having 5 mm 

standing water for continuous wetting. A total of 64 leaves were collected from 

each paddy field (200 x 200mt.) and kept in 16 vials, each with 4 leaves, 

arranged in test tube racks, allowing necessary time for parasite emergence. The 

average percentage of parasitic emergence was put graphically after conducting 

the experiment in 5 replications. 

3.6.2.2 Determination of Brown plant hopper (BPH) incidence 

3.6.2.2.1 Seasonal dynamics: The relative abundance of BPH was assessed by 

proportional flag leaf area damage on 20 diagonally selected hills and the 

average value was taken in consideration. The gradation was done following the 

table 3.7 

Table.3. 7 Scale showing the grade of infestation by BPH 

Rating scale Nature of damage 

0 None 

1 First and second leaves of most plants partially yellow 

5 Pronounced yellowing and stunting 

7 More than half of the plants wilted or dead 

9 All plants dead 

3.6.2.2.2 Determination of the extent of damage 

Suenaga and Nomura (1970) estimated the loss induced by BPH by using 

damage index calculated from the equation: 

[(1 A+ 2 B + 3 C + 4 D)/4 T]100 
Damage index = 

Where, A indicates the number of tillers with the upper two leaves undamaged 

and the rest withered; B, the number of tillers with all except the flag leaf 
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withered; C, the number of tillers with all leaves withered but with panicles still 

alive; D, the number of tillers with leaves, stems, and panicles all withered; and 

T, the total number of infested tillers. 

3.6.2.3 Determination of gall midge (GM) incidence 

3.6.2.3.1 Determination of the extent of damage: Damage by gall midge 

(GM) was recorded after the production of silver shoots (SS)Ionion leaves all 

through the tillering stage, by counting total number of tillers I 20 hills 

diagonally of each plot (25x 25 mt) and the number of 'silver shoots' or 'onion 

leaves' produced. While recording data, only fresh damage was considered in 

each date of observation. Side by side percentage of parasitized galls(PG"/o) was 

also noted The percentage of damage was worked out from the data thus using 

the following formula : 

Number of SS I Onion leaves x I 00 
Percentage(%) Silver shoots=--------------

Total Number of tillers 

Depending on the intensity of infestation gradation was made following the 

table 3.8 

Table.3.8: Scale showing the grade of infestation by GM 

Rating scale Nature of damage(%) 

0 None 

I II to 20 

5 21 to 35 

7 36 tom 50 

9 51 to 100 

3.6.2.3.2 Effect of GM on the yield generation: The relative effect GM 

induced tiller production was assessed in terms of paddy yields. This was done 

from different number of seedling I hill and the yield attributes were assessed in 

a split plot design in three replications. The variety was planted in a 6 x 12 mt2 

plots. The main plot was equally divided into four subplots having 3, 5, 7 and 9 

paddy seedlings I hill. 
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3.6.2.4 Determination of paddy bug (PB) incidence 

3.6.2.4.1 Determination of the extent of damage: Damage by paddy bug (PB) 

was recorded after counting the percentage of unfilled grains at maturation 

stage. 20 panicles were diagonally collected from each of the 5 plots (25 x 

25mt.), grains were threshed and percentage of unfilled grains was calculated 

and accordingly tabulated (Table.3.9). 

Table.3.9 : Scale showing the grade of infestation by PB 

Rating scale Nature of damage 

0 None 

1 11 to 20 

5 21 to 35 

7 36 to 50 

9 51 to 100 

3.6.2.4.2 Field examination: The relative effect of the paddy bug (PB) on the 

grain filling was assessed in terms of the visible number of puncture spots on 

the grains. Panicles were randomly selected from the field from which 1000 

grains were considered. Grains were sorted in to different grades depending on 

the number of punctures and weight and then calculated as percentage. 

3.6.2.4.3 Field experimentation: At early flowering stage, panicles were 

randomly selected and encaged in cylindrical glass vials (60 x 10 em.). Each 

vial enclosed five panicles from the same field. 2, 4 or 6 nymphs of paddy bug 

(Leptocorysa sp.) were released in each cage with five replications in the same 

field. Vial with no nymph was considered as control. Vials were checked daily 

and a stable insect density were maintained until harvest. Grain discoloration, 

percentage of unfilled grains, number of punctures/grain and the weight of all 

the grains in a cage were recorded. 

3. 7 Methods for assessing yield l!ttributing characters 

3.7.1 Measurement of leaf width : For measurement of leaf width, five 

leaves from five randomly selected shoots, one from each hill/ plot were 

considered at maximum growth stage and when infestation was found low. 

Mean values were determined. 
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3.7.2 Length, breadth and dry weight of leaves: 10 em of each of the 5 cut 

leaves were taken, the breath of the cut leaves were recorded (in mm.) and 

dried. Weight of dried leaves was recorded at 15, 30,45 and 60 DAT. 

3.7.3 Leaf area index (LAI): The destructive plant samples were taken from 

each individual plot (25 x 25mt.).The green leaf lamina of all the selected plants 

was separated out and from that 10 em. was taken. The middle portion of long 

leaf lamina was cut in a rectangle size. The breadths of the each cut pieces were 

measured. The cut portions were dried at 65°C, allowed to attain a constant 

weight and weighed on a digital balance. By using area I weight (a/w) factor 

of the cut portions, the total leaf areas were calculated for each treatment. 

From the dry weight of leaves, LAI was worked out according to the formula 

given by Waston (1947). 

Average area of total number of leaves 
Leaf area index (LAI) = -----------------

Ground area from which leaf samples were collected 

LAI was measured on four occasions at 15 days interval starting from 15 days 

after transplanting (DAT). 

3.7.4 Number of panicles: Total number of panicles were recorded from 20 

diagonally selected plants of each plot at harvest. Thereafter, average 

number of panicles was worked out. 

3.7.5 Number of grains/panicle: 20 panicles were diagonally selected 

from each plot, threshed individually and the grains were counted. The 

average of grains I panicle was worked out. 

3. 7.6 Thousand grain weight: From the threshed product of each lot, 

thousand grains were counted, dried and their weights were recorded (in 

gm.) for each plot separately. 

3.7.7 Length of panicle: 20 individual panicles were selected randomly from 

each plot and the length was recorded ( in em.) and averaged . 

3.7.8 Grain yield: After harvesting the stalks were sun dried and subsequently 

threshed. After cleaning thoroughly, the produce from each plot were weighted 

and calculated as yield q/ha. Similarly straw yield was determined. 
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3. 7.9 Harvest Index: Harvest index was calculated by the following formula 

and expressed in percentage. 

Harvest Index = 
Grain yield 

--------------------------x100 
Total biological yield (grain+ straw) 

3.8 Assessment of the impact of cultural practices on pest incidence 

3.8.1 Growth stage specific application of pesticides 

3.8.1.1 Selection of pesticides: The relative efficacy of four commonly used 

insecticides was assessed at different stages of paddy growth till the time of 

maturation. Selection of a pesticide was made in due consideration of its 

lethality to the target organisms, spectrum of toxicity and the market availability 

with specific recommended dose. The pattern of application strategy is given 

in the table.3 .1 0 

Table.3.10 Name of the pesticide with the application strategy at the respective 

growth stages of paddy 

N arne of the pesticide Dose(/ ha) Growth stages of 
paddy when applied 

Methyl parathion 2%@6kg Seed bed 

Endosulfan 35%@ 1500ml Vegetative 

Phorate 10%@ !kg Reproductive 

Monocrotophos 36% @1200ml Ripening 

3.8.1.2. Matrix combination for pesticide treatment: Relative status of the 

pest abundance was evaluated after application of pesticides at different growth 

stage combinations. Growth stages which received no pesticide protection 

(NSP) was considered as no input while the fields which received the 

protection at all the growth stages (ASP) were measured as the maximum 

input. The relative dynamics of the pests were assessed under different 

combinational application of pesticides against the ASP and NSP protection as 

designed in the table.3 .11 
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Table.3.11 Matrix combination for pesticide treatment 

Category of Sub category Growth sta2e specific insecticidal I rotection 

input with Seed Vegetative Reproductive Ripening 
nomenclature bed sta2e sta2e stage 
SSP (I) + X X X 

Single stage SSP (2) X + X X 

protection SSP (3) X X + X 

SSP (4) X X X + 
DSP (I) + + X X 

Double 
DSP (2) X + + X 

stage 
DSP (3) X X + + 

protection DSP (4) + X + X 

DSP (S) X + X + 
DSP (6) + X X + 
TSP (I) + + + X 

Triple stage TSP (2) X + + + 
protection TSP (3) + X + + 

TSP (4) + + X + 
All stage 
protection 

ASP + + + + 
(maximum 
input) 
No stage 
protection NSP X X X X 

(no input) 

(+)=Insecticide applied, ( x) =No pesticidal protection 

3.8.1.3 Effect of pesticide application, field size, border distance on BPH 

and spider abundance: Fields of different sizes (I 00 and 1000 mt2
) cultivated 

with the variety Swarna Mashuri (MTU 7029) were treated with carbofuran at 

the rate of I kg!ha on 60 DAT against the field without pesticidal treatment, 

considered as control. Abundance of BPH and the spider population was 

counted on the day immediately after pesticide treatments in all the plots. Hill 

estimation of the respective population was done with a gap of 2 mt from the 

border of the field covering a total distance of 10 mt to a perpendicular 

transects. Experiments were carried out in three replications and the average 

data were graphically plotted. 

3.8.2 Application of fertilizer 

3.8.2.1 Consequence of different types and mode of fertilizer application: 

The relative influence of both the inorganic and the organic sources of fertilizers 
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upon the dynamics of the pest abundance were assessed. Decaying straw (45 

days), cow dung (60 days) and Dhaincha (Sesbania sp.) were considered as 

chief organic source while urea was taken as the prime inorganic component. 

Urea was applied in three modes, mud ball, alley (band placement), and three 

alternative split proportions. The abundance of the pest was recorded under the 

application of three doses ofboth inorganic and organic fertilizer. A comparison 

was drawn between the yield potentiality of paddy under different modes and 

sources offertilizer applications. 

3.8.2.2. Efficacy of growth stage dependent split application: Relative 

importance of inorganic and organic fertilizers upon the pest bionomics and the 

yield attributing characters were assessed under 14 different proportional 

combinations of inorganic and organic fertilizers at four growth stages of paddy 

in five replications. In each stage collectively 120 kg N was applied. The 

growth stage dependant variable combinations are given in the table 3.12. 

Table.3.12: Growth stage dependent split application of inorganic and organic 

fertilizer. 

Split proportion (%) 
Inorganic split proportions (%) in 

relation to the growth stages of paddy 
Treatment Organic (only 

1'' split at 2nd split at 3'• split at In 
at main land organic 
preparation) 

lODAT MTS PIS 

Ff 1 100 00 60 25 15 
Ff2 100 00 40 40 20 
Ff3 75 25 30 30 15 
Ff4 75 25 20 35 20 
Ff5 75 25 30 20 25 
Ff6 25 75 15 10 00 
Ff7 25 75 05 15 05 
Ff8 25 75 05 15 05 
Ff9 50 50 30 10 15 
Ff 10 50 50 30 15 05 
Ffll 50 50 20 20 10 
Ff12 00 100 00 00 00 

(two phase) 
Ff 13 00 100 00 00 00 

(single phase) 
Ff 14 00 00 00 00 00 

DAS-days after transplantation, MrS- Maximum tillering stage PIS- Panicle initiation stage 
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3.8.2.3 Response of the variety to fertilizer and impact on pests and natural 

enemies population: Each plot collectively received 120 kg N /ha though the 

split proportion varied in accordance to the growth stages of paddy. Only 

organic and only inorganic fertilizer applications were considered as 'limiting 

input' while 'no fertilizer' was regarded as control. Yield attributing characters 

like plant height, panicle length, panicle number, grain number/ panicle and the 

final yield were recorded separately for each split application stages. The 

abundance of the pest and natural enemy was counted by hill estimation for 

each of the application stages. Cost: Benefit (C:B) was calculated collectively 

considering the total input prices and the market value of the yield. 

3.8.3 Water stress management 

3.8.3.1 Effect of water stagnation: Relative occurrence of the pests under three 

specific·water depth regimes (2.5, 5.0 and 7.5 em) was examined. Fields were 

inspected periodically from the seedling to tillering stage and the abundance of 

the pests was counted by hill estimation. Field under 'restricted water treatment' 

was considered as control. Alternative storing and draining of water from the 

field was done by conventional methods. 

3.8.3.2 Interactive role of water management with fertilizer treatment: 

The water use efficacy and grain yield under different water management 

practices were evaluated in respect of different combinational application of 

fertilizers, tillage and sowing dates. Two different doses ofN:P:K fertilizer (FI-

80:40:40 and F2-120:60:60 ), three alternative modes of plantation techniques 

(Tl-sowing the seeds in dry field condition, T2-spouted seeds in puddle 

condition, T3-Transplantation) were considered under two variable water stress 

management (S I =submergence only at tillering and flowering stage, S2= 

submergence throughout the crop growing period). The average value of three 

observations was considered. 

3.8.3.3 Water use efficiency (kglhalcm): 

It was determines as the efficiency of the soil to retain the water. I 00 gm soil 

was taken and then woven dried . The differences of the weight were noted and 

the water retention capacity was calculated. 
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3.8.3.4 Interactive role of fertilizer application, hill distances on leaf area 

index generation: The interactive role of three specific doses of inorganic 

(urea) N fertilizer application (Fl-O, F2-40, F3-80, F4-120 kglha) and four 

spacing conditions ( Sl-10 x 10 em, S2- 10 x 20 em., S3- 20 x 20 em., and S4-

20 x25 em.) upon the generation of the leaf area index (LAI) in relation to the 

occurrence of the BPH population was evaluated at respective growth stages 

(15, 30, 45 and 60 DAT) of paddy in three replications. The average values 

were correlated statistically. 

3.8.4 Tillage and land preparation: Effect of different combinational 

operation of variable land preparation techniques on the subsequent generation 
; 

of the alternative hosts was assessed. Plowing (P), harrowing (H) and rototilling 

(R) were considered as the preparatory sources. Pl(one plowing), P2 (two 

plowing), P3 (three plowing), PIHl (one plowing+ one harrowing), P2Hl(two 

plowing + one harrowing), P2H2 (two plowing + two harrowing) PlH2 (one 

plowing + two harrowing), P3H3 (three plowing + three harrowing) and 

PlHlRl (one plowing+ one harrowing+ one rototilling) were considered as 

the preparatory conditions. Effects of alternative combination on the weed 

abundance and species composition I me in relation to the pest activity were 

noted. 

3.8.5. Hill spacing and microclimatic variation 

3.8.5.1 Field experiment: Seedling was transplanted at different hill distances 

(10 x 10 em., 20 x 20 em., 25 x 20 em) and the generated microclimatic 

environment was assessed at tillering stage after application of 120 kg N 

fertilizer I ha. Evaluation was done at three specific zones (base, middle and 

upper part of the canopy) along the length of the plant. Temperature COC), 

relative humidity (%) and light intensity (%) of the three respective zones were 

recorded with the help of lux meter and the average value of 10 observations 

was taken into consideration. 
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Light transmission ratio (L TR) was calculated using the formula given by 

Yosida et a/.(1972). 

I 
LTR(%)= --x 100 

Io 

Where, I and Io were the light intensity at ground level and top of the canopy. 

3.8.5.2 Laboratory experiment: 

Niche specificity of lady bird beetle and BPH was studied in two laboratory 

conditions. 

3.8.5.2.1 At constant light: Temperature preference of lady bird beetle (LBB), 

Menochilus sexmaculata and BPH were experimented at constant light. A 

square elongated glass vial (65 x 6 x 6 em) kept horizontally on a table. Six 

thermometers at six zones (Z1 to Z6) were placed perpendicularly and 

equidistantly from one end of the vial. Two metallic beakers were attached with 

the two terminal end of the vial. An ice block was kept in one beaker while the 

other was filled with hot water. The temperature gradient thus established inside 

the vial was allowed to stay fixed for 30 minutes. LBB and BPH each 50 in 

number were released separately from the entry hole, located at middle of the 

vial and the hole was plugged by cotton. LBB and BPH showed preferential 

aggregation depending on the temperature gradient. Individuals of each 

aggregation were counted and accordingly preferred zone was recorded and 

average value was calculated out of three replications. 

3.8.5.2.2 At constant temperature: Semitransparent cellophane paper was 

wrapped in different layers of2,4,6 around a square elongated glass vial (60 x 6 

x 6 em) to create variable light intensity gradient against the constant room 

temperature. LBB and BPH were released separately from the entry hole. The 

aggregation of the both the populations in different illuminating zones was 

noted. Light intensity was measured at 6 different transected zones of the vial 

against the 'least light' and 'maximum light' condition by lux meter. The 

average room temperature was noted. The experiment was conducted in three 

replications and the average value was taken into consideration. 
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3.8.6 Management of alternative host 

3.8.6.1 Determination of effect of weeding on pest performance: 

Consequences of irregular hand weeding commonly practiced by the farmers, 

upon the field weed generation and the availability of the YSB' s egg masses 

was periodically noted from different fields. Further the symptoms of DH and 

WH were assessed in due consideration of the episodic removal of the weed 

masses from the cultivaton fields. Weed mass so collected from different fields 

were weighed (gm.) and accordingly correlated with the number of YSB eggs 

and DH+WH. Among the observations the best suitable practice was suggested. 

3.8.6.2. Effect of different weeding practices: Different grades of hand 

weeding (HW) practices were performed to quantify the relative effect on all the 

pest performance and yield generation. HW was performed in different 

combinations of time schedules.HWl (50 DAT), HW2 (30 + 50 DAT), HW3 

(75 DAT) and HW4 (50 + 75 DAT).HWO was treated as 'no weed control' 

field. 

3.8.6.3 Assessment on weeds by visual scoring scale: Depending on the 

variable performance of the weed population different grades were constructed. 

Fields were periodically inspected from the vegetative stage till harvest under 

different management systems and the average collective performance of the 

weed community were accordingly graded following the table 3 .13 

Table.3.13: visual scoring scale for weed assessment 

Weed performance Category Grade 
Low L 

Weed density Moderate M 
High H 

Lower Lw 

Weed abundance 
Same Sm 

Higher Hg 

3.8.6.4 Determination of the species abundance: Weeds were randomly 

collected from the experimental field (lxlmt.). Collections were dried and 
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weighed separately under different cultivation protectional measures. In each 

treatment weed abundance was scored using 'visual scoring scale' and the 

performance of YSB in relation to weed density was measured after counting 

the number of DH and WH and considering the final yield. The effectiveness of 

the treatment stage was determined by calculating the C:B value. 

3.8. 7 Age of the seedlings: Relative influence of different ages of seedling (30, 

45 and 80-85 days) upon the occurrence of the YSB and BPH population in 

relation to the yield generation was evaluated against the process of double 

plantation techniques by hill estimation. 

3.8.8 Crop rotation: Effect of the available crop rotation practices upon the 

dynamics of the pest was recorded at the maturation stage of paddy in terms of 

the damage symptoms. Side by side relative adoptability of a particular rotation 

practice by the farmers was also considered. A comparison was drawn between 

the ranges of pest infestations under the prominent crop rotation practices. 

3.8.9 Calculation of C:B : Calculation of C:B was done on the basis of 'total 

input value' against the 'total out put value'. When determining the relative 

efficacy and impact of a particular cultural practice on the benefit, the other 

remaining expenditure was taken as constant. Benefit ratio was assessed 

separately for fertilizer and pesticide applications. Superiority of the suggested 

cultivation module (CM) in comparison to that of the other available protocols 

like natural bio control (NBC) schedule based protection (SBP) and need based 

protection (NBP) were assessed and accordingly the C:B was calculated. 

3.8.10 Assessment of knowledge attitude and perception of the farmers 

(KAP): Groups of farmers of variable ages with different educational 

background were interviewed on a prepared questionnaire and accordingly 

inference was drawn regarding their :view for a particular cultivation practice. 

Farmers so responded to a particular question were noted either in accordance 

with their age group or educational background. 
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3.9 Methods of statistical analysis: The data obtained at each type of 

investigation were analyzed statistically by the calculation of variance, by linear 

and nonlinear correlations, by various graphical representations and by 

regression equations (Gomez and Gomez 1984). For comparison of 'F' value, F 

table (Suedecor and Cochran 1967), for computation of critical difference,'t' 

table (Fisher and Yates 1963), for comparison of 'r' value, 'simple linear 

correlation co-efficient' table (Suedecor and Cochran 1967) were followed. 
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Table.4.1.1: Relative incidence (Mean± SE) of the four major pests estimated by light trapping and quadrate (0.5 mt2
) method 

YSB BPH GM PB 
Months 

Fortnight Light trap Quadrate Light trap Quadrate Light trap Quadrate Light trap Quadrate 

A 25.25±2.12 0.79±0.04 82.75±12.11 8.64±0.98 0.00±0.01 0.00±0.03 0.00±0.01 0.06±0.01 
Jan 

B 69.45±9.13 3.14±0.11 112.34±11.1 I 7.82±0.78 0.00±0.04 0.00±0.04 0.22±0.01 0.11±0.01 

A 88.78±12.11 2.39±0.33 122.48±14.23 9.22±1.11 0.00±0.05 0.00±0.03 0.91±0.12 0.42±0.10 
Feb 

B 55.23±9.56 2.62±0.21 252.48±16.91 18.47±1.23 00.2±0.01 0.07±0.02 1.41±0.23 0.45±0.13 

A 68.28±11.11 2.17±0.45 392.14±34.11 19.98±0.77 0.22±0.06 0.09 0.02 1.78±0.11 1.47±0.55 
March 

B 47.14±!0.12 2.09±0.65 410.19±22.11 12.89±1.23 0.29±0.07 0.31± .08 3.87±0.98 2.62±0.43 

A 42.42±9.13 2.04±0.44 462.9!±30.34 17.24±2.11 0.41±0.10 0.34±0.11 3.73±0.98 3.87±0.23 
April 

B 49.7±6.78 2.09±0.78 698.11±43.11 29.76±0.77 0.51±0. 10 0.59±0.23 3.89±0.09 4.91±0.22 

A 74.29±14.34 2.15±0.55 422.45±45.34 44.14±0.22 0.57±0.11 0.68±0.23 7.89±0.12 4.98±0.78 ! 

May 
B 76.78±6.67 4.38±1.10 406.44±34.34 28.14±0.14 0.54±0.11 0.79±09 8.11±0.31 7.42±0.66 

A 45.11±6.34 3 .. 92±0.56 !52.12±34.56 10.14±0.34 0.59±0.10 0.81±0.77 7.85±0.56 4.21±0.67 
June 

B 42.32±13.11 2.74±0.66 139.47±43.12 15.25±3.11 0.61±0.10 0.97±0.45 5.03±0.45 3.31±0.98 
- - L.__ - "-- ----- - - -

A- First fortnight, B -Second fortnight Contd ..... 
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Table.4.1.1: Relative incidence (Mean± SE) of the four major pests estimated by light trapping and quadrate (0.5 mt.2
) method 

YSB BPH GM PB 
Months 

Fortnight 
Lighttrap Quadrate Light trap Quadrate Light trap Quadrate Light trap Quadrate 

A 100.45±14.11 5.68±0.90 !87.23±1332 47.12±2.45 0.63±0.!! 1.02±0.23 4.72±023 2.77±0.77 
July 

B. 31.61±523 4.71±0.99 87.89±12.45 45.1 1±4.34 !.!2±0.13 1.21±0.12 4.46±0.33 1.49±!.!1 

A 20.47±3.!1 2.48±0.45 9!.45±!8.11 52.12±6.34 4.46±034 4.32±0.55 4.51±031 !.84±0.34 
August 

B 22.37±4.23 2.92±0.67 482.72±34.45 59.29±3.67 4.21±033 5.41±0.45 4.32±0.11 2.29±0.99 

A 28.24±6.23 5.48±0.78 640.1 1±5023 25.62±7.1 I 4.78±!.!2 5.49±0.76 7.11±0.18 2.48±0.87 
Sept 

·B 40.!9±7.1 1 5.63±0.66 60123±3427 20.78±3.34 5.22±1.56 4.57±0.43 6.98±033 1.89±0.86 

A 78.32±9.32 7.48±Ll2 1382.1 1±34.23 56.15±7.56 12.43±2.1 I 3.41±0.34 7.89±0.34 8.82±0.67 
Oct 

B 92.34±9.67 3.79±1.01 1287.27±58.45 49.14±6.1 I 18.11±1.98 1.07±0.32 6.11±0.98 9.47±1.02 

A 79.23±8.89 4.02±0.98 912.02±67.11 48.27±3.56 1123±2.97 0.53±0.24 5.56±0.89 10.68±1.34 
Nov 

B 77.68±6.77 4.12±0.26 789.12±4523 16.!1±2.45 3.98±034 0.41±0.13 2.89±0.91 5.37±!.!1 

A 247.45±2Lll Ll2±0.55 147.19±1123 9.23±8.56 3.21±0.67 032±0.11 2.44±0.44 3.98±0.65 
Dec 

B 28.21±6.24 1.62±0.68 72.14±9.11 7.18±2.11 0.54±0.091 0.13±0.12 !.95±0.44 1.77±0.56 

A- First fortnight, B -Second fortnight 



Results and Discussion 

In relation to Tmin: In all the cases Tmin has a negative correlation with 

the YSB population. 

In relation to Tgr: YSB showed significant positive relation with Tgr in all 

the years except 2005. 

In relation to Tavg: Except in 2005, in all other years, the field 

populations had a significantly positive correlated with Tavg. 

In relation to RHmax: High positive correlation was found with RH max 

in 2003 and 2004, while in two other remaining years the relation was 

insignificant. 

In relation to RHmin: Effect of RHmin upon the occurrence of the YSB 

population was insignificant in the year 2003 and 2004 but had a 

significantly positive relation in other two years. 

In relation to RHgr: No significant relation existed between the RHgr and 

the field populations of YSB in any of the years. 

In relation to RHavg: YSB populations exhibited significantly positive 

relation in all the years with RHavg. 

In relation to Shr: Shr exerted a significantly positive effect on the pest 

except in the year 2006 where the relation was significantly negative. 

In relation to Rfall: High rain fall within a short spell of time showed a 

significantly negative relation with the pest occurrence in the years 2004 

and 2006. Intermittent rains with high temperature had insignificantly 

positive effect on this pest bionomics in 2003. However, the number of 

rainy days had no significant positive effect on the YSB population. 

Discussion: Investigation through light trap catches ofYSB by Rai eta/. (2002) 

showed no significant correlation with the temperature.Rainfall however, 

exerted a negative effect on the mean catches of YSB. But RHmax and Shr 

were found to be positively correlated with the catches. The present findings 

explaining the effect of temperature corroborates with those of Ramkrishna et 

a/. (1994) and Bhatnagar and Saxena (1999). Senapati and Panda (1999) who 

reported that high Tmax (average 39.4°C) in summer season and low Tmin 

(average 12.7°C) in winter season were highly associated with low S. 
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I 

incertulas moth population density as also noted in present study. But ~ishra 
et al. (2005) observed that collectively, the weather parameters had no: direct 

influence except Tmax and RHmax which had a negative relation to WH 
• I 

formation. Pathak and Pawar (1983) reported that 30-100% RH appeared 

favourable for YSB infestation. Thus in the present study this range was also 

proximity to the optimum range during the maximum peak catch periods of 

YSB. Abraham et al. (1972) found that the incidence of DH and WH had a 

negative correlation with the Tmin but a positively correlation with the Tmax. 

Such observation matches with the present findings. For survival at pupal stage, 

the rice microclimate is the most important factor for YSB than the macro 

climatic conditions (Sahu and Sinha 1990). Contrary to the present findings, 

Alam et al. (1992) reported that the infestation of YSB decreased with an 

increase in Tmax but increased in Tmin. 

4.1.1.2 Brown plant hopper (BPH) 

Population dynamics: The initial low population of BPH from about 2 · SMW 

to 8 SMW was immediately followed by the gradual increase which 

synchronized with the early growth stages of paddy. The first peak appeared 

nearly at about 16 to 20 SMW which was followed by a steady decline of the 

standing population. Very low timing population was noted from about 24 to 28 

SMW. The population was extremely narrow from 30 to 32 SMW. Moderate 

level of population was then observed at about 34-38 SMW and the second 

highest about peak at about 40-44 SMW, after which the population steadily 

declined (Fig.4.1.4a). 

Correlation analysis of BPH population with climatic factors (Table.4.11.2) 

In relation to Tmax: No specific and deductive relation of BPH 

population with Tmax was apparent though a significantly positive relation 

in 2004 and a significantly negative relation in 2005 were found. 

In . relation to Tmin: In all the years, except in 2006, Tmin showed 

significant positive effect on BPH population. Prolonged winter in 2006 

with very low temperature had exerted negative effect on pest survival and 

accordingly the field population was reduced. 
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Figs. 4.1.1: Four major pests and their damage symptoms in paddy. 
a: First brood ofYSB, b: Second brood ofYSB, c: DH caused by YSB, 
d: Fifty instar larva ofYSB within a stem, e: WH caused by YSB, f: DH 
with degrees of fungal infestation ( 1-5), g: BPH, h: Scorching burned 
pannicles caused by BPH, i: GM, j: Silver shoot caused by GM, k: PB, 
1: Chaffy grains caused by PB. 
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In relation to Tgr: Except in 2006, the population of BPH had a positive 

correlation with Tgr at significant level. 

In relation to Tavg: There was significantly high positive correlation 

between BPH population and Tavg. 

In relation to RHmax: High humidity especially in the morning favoured 

the BPH activity, thus the field level of the pest was accordingly increased 

and showed significantly positive relation in most of the years. 

In relation to RHmin: Except in 2005, the field BPH population was 

found to have a negatively correlation with RHmin at insignificant level. 

In relation to RHgr: Significant positive relation existed between RHgr 

and the field population in the years 2004 and 2006, while a significantly 

negative relation existed in the year 2005. 

In relation to RHavg: A significantly high positive relation was recorded 

in 2003, in the other years relation was insignificant. 

In relation to Shr: High level of significantly negative relation was noticed 

only in 2003 and 2004, in other two years the values were also negative but 

insignificant. 

In relation to Rfall: A significantly negative correlation was noted 

between BPH population and Rfall in 2004 and 2005, while in 2003 and 

2006 the relations were insignificantly negative. Heavy shour within a short 

time minimized BPH out break and thus negative correlation was found. 

However the effect of interrupted rain fall delivered no relation to the field 

pest occurrence. The number of rainy days had exerted both significant and 

moderate level of negative effect on the pest level. 

Discussion: Krishnaiah eta!. (1993) observed that the nymphs of N lugens in 

Krishna-Godavari zone during kharif season constituted more than 80% of the 

total BPH population. The correlation coefficients between BPH nymphs and 

BPH brachypterous females were significantly very high (0.9505 to 0.9709). 

During rabi crop, BPH nymph population in the field was low than during 

kharif crop, and showed significantly high correlation with the brachypterous 

females (0.803 to 0.880). Temperature between 25 and 30°C are considered 
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optimum for egg and nymphal development (Pathak 1968, Ho and Liu 1969).At 

par with the present study Fukuda (1934) found that high average temperature 

appeared to be associated with high pest numbers. Present work resembles with 

the study of Bae 1966 who also found that humid environment was conducive 

to N lugens, for its development and population increase. In central Java, 

Sastrowidjoyo (1976) found a significantly positive correlation (r = 0.907) 

between the total yearly rainfall and the number of infested hectares of rice 

which ·does not match to the present observation. Among the weather 

parameters, Tmin and Shr showed positive correlation with BPH population 

during bora crop. Hence, higher the temperature during bora season, greater 

would be the extent of damage. 

At the time of colonization BPH were low up to about 40-50 DAT, a time 

most suitable for insecticidal control with less quantitative application when 

more hoppers began to arrive on the plants than in the traps. Otherwise, after 

50DAT high input of insecticides would be regarded. 

4.1.1.3 Gall midge (GM) 

Population dynamics: The activity of the GM was much more restricted to the 

kharif crop than to the bora crop. Initial very low population at early months 

was gradually increased from about 20 to 30 SMW. The moderate number was 

noted at 32 SMW which was maintained nearly up to 38 SMW. The appearance 

of peak was restricted to about 40-44 SMW. Persistent low number was noted at 

about 18-22 SMW and 46-48 SMW. After 48 SMW the midge population was 

conspicuously declined in field (Fig. 4.1.4b ). 

Correlation analysis of GM population with climatic factors (Table. 4.1.2) 

In relation to Tmax: In all the years except in 2005, the GM population 

showed an insignificant negative relation with the Tmax. 

In relation to Tmin: Tmin had imparted a significant positive effect on the 

incidence of GM in all the years except in 2005. 

In relation to Tgr: Except in 2005, the population size of GM showed 

significantly negative relation with Tgr. 
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In relation to Tavg: A significantly positive relation was found with the 

Tavg in 2005 and 2006, but in 2003 and 2004 relations were insignificantly 

positive. 

In relation to RHmax: Persistent RHmax (80-92%) exerted a significantly 

positive impact on the activity of GM in all the years, especially at the late 

tillering stage. 

In relation to RHmin: A significantly positive relation between RHmin 

and the field GM population was found only in 2004 and 2005. 

In relation to RHgr: Significant negative relations existed between the 

RHgr and the field population in all in except 2003 where the relation was 

non significant but positive. 

In relation to RHavg: The population of GM was positively influenced by 

RHavg almost in all the years. But the values of relation differed among the 

years, particularly in 2004 and 2006. 

In relation to Shr: Bright sunshine hour for an average of 8.20 hrs/day had 

a significant negative effect on the GM population with the exception of 

2006 where the relation though positive, was non significant. 

In relation to Rfall: Drizzling Rfall had a significant positive effect on the 

pest structure. But heavy shour within a short time had negative effect on 

pest appearance but showed inconsistent relations. Number of rainy days 

however showed significant positive relation only in 2005. 

Discussion: Mohan eta/. (1982) estimated the dynamics ofGM in Tamil Nadu 

by light trap and found that the population was initiated at the middle of 

September and maximized at the 1'1 week of October which is partially 

supported by the present findings. Early monsoon rains in the months of May 

or June favoured the multiplication of GM in ratoon crops of the dry 

season. During normal monsoon periods, GM incidence was found to fluctuate 

between the ends of September and the end of November (Prakash et al. 2005). 
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Table.4.1.2: Correlation coefficient of incidence of the pests with the climatic factors indicating the level of significance 

Temperature ("C) 
Relative humidity (%) 

Rainfaii(Rfall) 
Sunshine 

Pests Years of hours/ day 
obsenration ma1:imum minimum gradient average maximum minimum gradient (Shr) amount rainy 

(Tmax) (Tmin) (Tgr) (Tavg) (RIImax) (RIImin) (RHgr) 
average 

(mm) days 
(RHavg) 

2003 0.712* -0.321 0.622* 0.611 * 0.572* 0.321 0.134 0.602* 0.611* 0.144 0.231 

2004 0.664* -0.421 0.598* 0.712* 0.711* 0.432 0.432 0.511* 0.721* -0.587* 0.151 
YSB 

2005 -0.517* -0.611* 0.453 -0.601* 0.342 0.611* 0.342 0.645* 0.621* -0.432 0.311 

2006 0.411 -0.422 0.584* 0.598* 0.438 0.675* 0.311 0.543* -0.645* -0.675* 0.234 

2003 0.365 0.552* 0.655* 0.632* 0.564* -0.342 0.432 0.611* -0.711* -0.312 -0.448 

2004 0.567* 0.654* 0.712* 0.667* 0.672* -0.432 0.521* 0.432 -0.654* -0.541* -0.564* 
BPH 

2005 -0.675* 0.711* 0.546* 0.765* 0.543* -0.541* -0.564* -0.342 -0.464 -0.624* -0.587* 

2006 -0.312 -0.342 -0.123 0.553* -0.321 -0.421 0.611* -0.421 -0.211 -0.302 -0.311 

2003 -0.281 0.675* -0.564* 0.306 0.598* 0.491 0.467 0.509* -0.502* 0.786* 0.321 

2004 -0.465 0.756* -0.612* 0.411 0.698* 0.589* -0.712* 0.623* -0.589* -0.676* 0.453 
GM 

2005 -0.532* -0.490 -0.234 0.562* 0.723* 0.601* -0.571 * 0.5 II* -0.765* -0.721* 0.553* 

2006 -0.392 0.718* -0.511. 0.535* 0.551* 0.380 -0.631* 0.497 0.453 -0.641* 0.211 

2003 0.626* 0.451 0.587* 0.592* -0.378 0.831* 0.303 -0.363 0.157 0.207 0.404 

2004 0.425 0.118 -0.213 0.723* -0.775* 0.765* -0.850* -0.290 0.654* -0.645* -0.311 
PB 

2005 0.567* 0.356 0.648* 0.711* -0.79Q* 0.711* 0.329 0.810* 0.534* -0.711* 0.453 

2006 0.611* 0.439 0.712* 0.812* -0.675* 0.690* -0.768* 0.723* 0.354 0.341 0.543* 
----

*Significant at 5% level 



Results and Discussion 

However, Bradwaj et at. (1988) have reported that, 0. oryzae starts its activity 

in traces during the second week of July. As par with the present findings, 

Hidaka et at. (1974) have observed that the seasonal fluctuation of GM 

population is closely related to the amount of rainfall. Overcast skies and 

drizzling rains were favourable for rapid build up of the pest population as 

demonstrated by Sing et at. (2001). An outbreak of population has been 

reported by Devi and Devi ( 1997) during 1996-1997 and found that the period 

has been characterized by cloudy sky, high and intermittent rainfall, moderate 

temperature (26-28"C) and high relative humidity (81.0 to 93.5%). Sain and 

Kalode ( 1992) have observed in Andhra Pradesh that the pest appears in the 

late August, maintains its peak population in October and then declines by 

December. Such finding partly matches with the present observation. GM is 

found to attack the crop in Bihar and southern parts of West Bengal from 

May to September and mid August to October respectively, whereas, its peak 

was found in between the third week of August to mid September in 

Southern states of India (Atwal and Dhaliwal 1999). Present observation is 

further partly supported by Jacob (1999) who has found that there is nil to low 

infestation up to second week of June in any kharif showing in Kerala. 

4.1.1.4 Paddy bug (PB) 

Population dynamics: The availability of PB was observed almost throughout 

the year. The first appearance of the population was noted at 4-8 SMW and high 

range of peaks at about 20-24 and 38-40 SMW respectively. Appearance of 

medium peak was restricted only to 42-44 SMW. Moderate level of persisting 

population was found respectively at 14-18 and 26-30 SMW. At 46-48 SMW 

the population was low. Very low to trace level of population was observed 

during 10-12 and 50- 52 SMW. The bug was nearly absent from the field at 

about 1-4 SMW (Fig.4.1.4b). 

Correlation analysis ofPB population with climatic factors (Table. 4.1.2) 

In relation to Tmax: Significant positive relation was noted between the 

field population of PB and Tmax except in 2004. Higher the level of the 
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ambient temperature, higher was the availability of PB at the experimental 

areas. 

In relation to Tmin: Tmin had no significant influence on the occurrence 

ofPB, though in all the years relations were positive. 

In relation to Tgr: The field population of the PB was positive! y 

influenced by Tgr at good significant levels except in 2004 when the 

relation was non significant and negative. 

In relation to Tavg: In all the years the field population exhibited highly 

significant positive relation with Tavg. 

In relation to RHmax: Except in 2003, RHmax had a highly significant 

negative effect on the pest incidence in most of the years. 

In relation to RHmin: RHmin and the field pest level had highly 

significant positive relation in all the four years under consideration. 

In relation to RHgr: Both negative and positive effect on the field 

population was exhibited by the RHgr. High negative significance relation 

was observed in 2004 and 2006 for PB populations. But in 2003 and 2005 

the relations though positive were non significant. 

In relation to RHavg: The noticeable population of the PB was found to 

be influenced by the prevailing value of the RHavg in both positive and 

negative manner. The highly significant positive values were observed in 

the years 2005 and 2006. While in the other two years the relations were 

negative. 

In relation to Shr: Throughout the period of observation, Shr exerted 

significantly positive influence on PB incidence in 2004 and 2005. But the 

relations in other two years were positive but non significant. 

In relation to Rfall: Rfall exercised both positive and negative effects on 

the pest numbers. The insignificantly poor levels of positive results were 

noticed in the years 2003 and 2006. But significant negative relations 

occurred in the other two years. However, the number of rainy days 
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showed significant positive relation to the pest occurrence only during 

2006. 

Discussion: Srivastava and Saxena (1967) have opined that intermittent rain 

favours the population builds up of the bug while a heavy rain has an adverse 

effect on the pest. Present findings matched with the observation of Israel and 

Rao (1968) who also reported a severe infestation of rice bug in Orissa when the 

temperature and relative humidity was lying between 27° and 28.2°c and 80.60 

% or above respectively. Garg and Sethi (1980) have found that weekly average 

of 28.59°c temperature, 69.55 % relative humidity, 8.18 hrs sunshine hours and 

00.0-71.7 mm ofrain are favourable for its highest population build up. Rao and 

Kulshreshtha (1985) have mentioned that high relative humidity, rainfall and 

insignificant fluctuation in diurnal temperatures during the milky stage 

encourage higher damage by the pest during the wet season in Orissa. Present 

observation partly resembles with the findings of Bhatnagar and Saxena (1999) 

who have found that sunshine hours (r = 0.662) had a significantly positive 

relation on the population build up of rice bug while minimum temperature (r = 

-0.868), evening RH (r = -0.794) and rainfall (r = 0.635) exhibited negative 

effect. But Sands (1977) observed that the availability of the alternative host 

was more important than seasonal weather fluctuation. Sen and Srivastava 

(1955) reported that in Bihar the bug feeds on Panicum crus-galli and millets 

during June and then migrate to paddy fields. 

4.1.2 Seasonal dynamics of the natural enemies 

Most of the natural enemies so recorded acted as generalized predators/parasites 

with few exceptions. For this reason activity of the natural enemy was 

considered collectively and the guild members were identified. 

4.1.2.1 Spiders 

Guild composition: Relative species composition of the spider communities 

was found to differ considerably in contemplation of the cultivated paddy field 

environment. Species richness and diversity were intensified with the progress 

of the growth stages. Among the identified species L. pseudoannulata was the 
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most dominating species followed by Argiope patenulata (Doleschall), 

A. formosana, Oxyopes javanus (Thorell), Tetragnatha maxillosa (Thorell) 

and Paradosa pseudoannulata (Boesenberg and Strand) respectively. 

Gunathilingaraj (1999) reported that in the northern parts of Bihar, the 

guild was represented by L.pseudoannulata (14.5%), Callitrichia formosa 

(16.3%), Agriope catenulate (14.5%) and Clubionajaponica (8.5%). Thomas et 

a/. (1979) has identified seven effective members, i.e, Lycosa sp., Pholcys sp., 

Marpissa sp., Tetragnatga sp., Linyphia sp., Oxyopes sp. and Agriope sp. at 

Kuttanad, Kerala. Survey at Karnataka elaborated 45 genera of spiders from 15 

families of which low land, medium land and upland paddy fields respective! y 

shared 34, 17 and 23 species. 

Population dynamics: The collective value of spider population was initially 

low in the months of January which gradually increased to the extremity at 14-

18 SMW and then steadily declined at 24-26 SMW. After the 2"d week of July 

the population gradually increased again and maximized at 36-40 SMW 

attaining sporadically to the extreme of 80 individuals/IS hills for 2-3 days, 

thereafter the population rapidly subsumed (Fig.4.1.6a). 

The population of L.pseudonnulata in rice ecosystem varied from 10 and 

34% being the maximum at about 90 and 115 DAT respectively and lowest at 

135 DAT irrespective of the seasons. The abundance of A.formosana was more 

during the early growth stages of the crop up to 50 DAT, and then declined by 

about 80 DAT. Thereafter, it started to increase again with the crop age up to 

125 DAT, the maximum being recorded at about 95 DAT and minimum at 

about 35 DAT sharing about 27 and 6% respectively of the total spider 

population (individuals/mt2). CJaponicola also maintained a high population at 

the latter growth stages, the maximum population being observed at 125 and 

140 DAT (20% of individuals/mt.2
) and the minimum number at 95 and 100 

DAT (12% ofindividuals/mt.2
). 
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Figs. 4.1.2:Natural enemies of paddy pests. 
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Figs. 4.1.2:Natural enemies of paddy pests. 

Pesticide untreated 

tJPests 

o net~ enerries 
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Figs. 4.1.3:Pie-chart showing relative population of insect pests of paddy, 
their natural enemies and non-pest insects. 
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Correlation analysis of spider population with climatic factors (Table.4.1.3) 

In relation to Tmax: In all the years the standing spider population had 

significantly negative correlation with the Tmax. 

In relation to Tmin: Here too, significantly negative relation of spider 

population with the Tmin was noticed. 

In relation to Tgr: Except in 2005, the spider population showed 

significantly negative relation with Tgr. In 2005, the relation though 

positive was extremely insignificant. 

In relation to Tavg: In case of 2004 the relation was insignificantly 

positive. But during the other three years the relations were significantly 

negative. 

In relation to RHmax: The spider population had highly significant 

positive relation with RHmax in all the years. 

In relation to RHmin: The relations were positive for all the years' 

population but values were insignificant. 

In relation to RHgr: RHgr exerted significant level of negative control on 

the spider population structure except in 2003. 

In relation to RHavg: Except in 2006, high levels of significantly 

negative relation were recorded. In 2006, the relation was also significant 

but it was positive. 

In relation to Shr: Negative relations were obtained in all the years but 

the values were significant only in 2004 and 2005. In other two years the 

relations were marginally insignificant. 

In relation to Rfall : During 2003 and 2004 the spider population had 

significantly high positive relation while during the later years the relations 

though positive were insignificant. The number of rainy days exhibited 

insignificant positive relation. 
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Table.4.1.3: Correlation coefficient of the incidence of the natural enemies with the climatic factors indicating the level of 
significance 

Temperature (0C) Relative humidity(%) 
Sunshine Rainfall (Rfall) 

Natural Years of hours/ (mm) 

enemies observation maximum minimum gradient average maximum minimum gradient average day 
amount rainy (Tmax) (Tmin) (Tgr) (Tavg) (RHmax) (RHmin) (RHgr) (RHavg) (Sbr) 
(mm) day> 

2003 -0.836* .{).878* -0.872* .{),883* 0.845• 0.343 .{).380 .{).538* .{).425 0.658* 0241 

2004 .{).711* .{).602* .{).732* 0.123 0.621* 0.422 .{).541* .{).611* .{).522* 0.687* 0.131 
Spider 

2005 .{).623* .{).547* -0.352 .{).523* 0.698* 0.378 .{).617* .{).644• .{).534* 0.342 0.341 

2006 -0.581* .{).612* -0.602* .{).567* 0.711* 0.343 -0.712* 0.521* .{).451 0.123 0.334 

2003 0.654* 0.534* 0.352 0.424 .{).453 0.564* .{).587* 0.713* .{).139 0.712* .{).628* 

2004 0.564* 0.345 0.512* 0.522* .{).654* 0.543* 0.781* 0.498 .{).352 0.546* .{).567* 
Bug 

2005 0.342 0.564* 0.411 0.671* .{).511* 0.701* 0.654* 0.645* .{).611* 0.512* .{).687* 

2006 0.211 0.465 0.651* 0.564* 0.612* .{).132 0.129 0.467 0.421 0.713* .{).511* 

2003 .{).559* .{).779* .{).805* .{).736* 0.065 .{).993* 0.764* .{).861* 0.342 .{).232 0.321 

2004 .{).380 0.152 0274 0.225 .{).512* 0.254 0.072 .{).330 0.654* .{).321 0.453 
Beetle 

2005 .{).401 .{).346 0202 .{).414 .{).730* .{).939* .{).606* .{).912* .{).411 .{)_511* 0.453 

2006 0.123 0.131 0.312 0.223 .{).611* .{).412 .{).591* .{).712* .{).271 .{).549* 0211 

2003 0.432 0.453 0.564* .{).531* 0.711* 0.321 0.542* 0.604* 0.5 II* 0.542* 0.404 

2004 0.412 .0.311 0.611* 0.587* 0.342 0.412 0.478 .{).329 0.641* 0.632* -0.311 
Fly 

2005 0.512* 0.412 0.542* 0.421 0.612* 0.721* 0.538* 0.678* 0.439 .{).571* 0.453 

2006 .{).134 0.512* 0.611* 0.545* 0.671* 0.611* -0.411 .{).213 0.612* .{),553* 0.344 
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Table.4.1.3: Correlation coefficient of incidence of the parasites with the climatic factors indicating the level of significance 

Temperature ("C) 
Relative humidity(%) 

Sunshine RainfaU (Rfall) 

Years of hours/ (mm) 
Parasites observation day 

maximum minimum gradient average maximum minimum gradient average 

(Tmax) (Tmin) (Tgr) (Tavg) (RHmax) (RHmin) (RHgr) (RHavg) (Shr) amount rainy 

(mm) days 

2003 -0.846* 0.878* -0.872* -0.883* 0.845* 0.343 -0.380 0.538* -0.525* 0.358 -0.24 1 

2004 -0.741 * 0.602* -0.732* 0.523* 0.62 1* 0.422 -0.341 0.61 1* -0.522* -0.687* -0. 131 
T richogramma 

2005 -0.628* 0.547* -0.352 -0.423 0.698* -0.578* -0.4 17 0.644 * -0.534* 0.242 -0.341 

2006 -0.571* 0.612* -0.602* -0.567* 0.711 * -0.643* -0.312 0.521* 0.65 1* -0.723* -0.334 

2003 0.654* 0.534* -0.5 19* 0.424 -0.453 0.464 0.387 0.713* -0.639* 0.41 2 -0.428 

2004 0.564* 0.345 -0.5 12* 0.522* -0.654* 0.243 0.481 0.598* -0.552* -0.546* -0.467 
. Tetrasticl111s 

2005 0.542* 0.564* -0.318 0.671 * -0.511 * -0.701 * 0.454 0.645* -0.611 * 0.312 -0.487 

2006 0.21 1 0.465 -0.65 I* 0.564 * 0.612 * -.0.632* 0.129 0.467* 0.521* -0.713 * -0.4 11 

2003 -0.559* 0.779* -0.805* -0.736* -0.765* -0.293 -0.264 0.861* -0.642* 0.632* 0.321 

2004 -0.607* 0.552* -0.574* -0.525* -0.812* 0.254 0.072 0.530* -0.654* -0.521* 0.453 
Telenomr1s 

2005 -0 598* 0.646* -0.402 -0.414 -0.730* -0.939* -0.206 0.9 12* -0.7 11* 0.511* 0453 

2006 -0.723* 0 531* -0.512* -0.623* -0 6 11* -0 5 12* -0.391 0.7 12* 0.571* 0.549* I 0.211 

*Significant at 5% level 
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4.1.2.2 Bug 

Guild composition: Among all the species only a single species was identified 

as Cyrtorhinus lividipennis (Reuter). However variations occurred regarding 

the distribution and predatory potentiality of the bug in different agro-ecological 

conditions. 

Population dynamics: Inconsistency of population was noted throughout the 

year. The low count at the initial months of a year was followed by the gradual 

increase at 20 SMW which maintained at a steady state up to 40 SMW after 

which the population gradually declined (Fig. 4.1.6a). 

Throughout the entire growth stages of paddy the occurrence of the bug 

population in general was very low. Up to the late vegetative stage after 

transplantation, there was very low detectable range of population. The 

population gradually increased and maximized at about 90 DAT, after which it 

gradually declined. 

Manti (1991) opined that in Philippines the agro-ecological conditions 

rather than the BPH population was the prime regulatory factor for the bug 

populations. Subramanium ( 1981) noted that the rate of predation by bug was 

badly affected by collection of the pest by light traps. Peter eta/. (1989) viewed 

that application of monocrotophos detrimentally affected the predatory 

behaviour of bug .. 

Correlation analysis of bug population with climatic factors (Table. 4.1.3) 

In relation to Tmax: A significant positive relation of bug population with 

Tmax was observed during 2003 and 2004. In the two later years the 

relations were insignificant but positive. 

In relation to Tmin: Significantly positive relations were noted for 2003 

and 2005 only. 

In relation to Tgr: The population showed a significantly positive relation 

during 2004 and 2006 only. 

In relation to Tavg: Except in the year 2003, the population of the bug 

showed significant positive relation with Tavg. 
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Fig.4.1.4: Population dynamics of four major pests, a: YSB+BPH and 
b: GM+PB round the year in mono culture fields in terms ofSMW. 

Fig.4.1.5 :Damage due to YSB larvae a: Larvae inside a mature stem b: Tissue 
necrosis due to larval growth. 
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In relation to RHmax: Significaot negative relation was found during 

2004 and 2005. Significant positive relation was obtained in 2006, during 

2003 the relation was insignificant and negative. 

In relation to RHmin: Except for the year 2006, the relations of bug 

population was significantly positive with the RHmin. The relation in 2006 

was negative aod very insignificant. 

In relation to RHgr: Except during the year 2006, the relations were 

significant, negative during 2003 and positive during 2004 and 2005. The 

relation though positive, it was highly insignificant in 2006. 

In relation to RHavg: In all the years, the relations were positive, high! y 

significant in 2003 and 2005 and insignificant during other two years. 

In relation to Shr: Except in the year 2006, the relations were negative, of 

which good significance was recorded for 2005 only. During 2006, the 

relation was positive but insignificant. 

In relation to Rfall: Significant high grade of positive relation persisted in 

all the years, but the rainy days showed significant negative effect. 

4.1.2.3 Beetle 

Guild composition: Variability was noted regarding species composition of the 

beetle population. The species recorded were Micraspis crocea (Mulsant), 

Menochilus sexmaculata (Fab.), Ophionea nigrofasciata (Schmidt-Goebel) and 

Staphylinus sp. Relative potentiality of the species was found to be influenced 

by the location of the land as well as the growth stages of paddy. 

Parasuram (1989) reported a variable range of predatory coccinellids from 

the paddy field of Madurai, India. The prominent species are Menochilus 

sexmaculatus (Fab.) 43%, Rodolia concolor (Lewis) 8%, R.pumila (Weise.) 8%, 

Seymnus sp. (Kamiya.) 10%, Micrapsis discolor (Fab.) 5%, Hormonia 

octomaculata (Fab.) 9%. 
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Population dynamics: In general no specific pattern of relationship was noted 

in any of the years. However, the relative availability of the species was more 

after 18 SMW which was maintained up to 38 SMW (Fig.4.1.6b). 

Throughout the entire growth stages of paddy, the beetle population was 

very low. At early stages of crop establishment very low detectable range of 

population could be found. The population gradually increased and maximized 

at about 100 DAT, after which it gradually declined. The periodicity of the 

population was thus appeared to be more influenced by the growth stage 

specific alteration of paddy field niche inducing the host pest abundance, rather 

than by the climatographic factors. 

Correlation analysis of beetle population with climatic factors (Table.4.1.3) 

In relation to Tmax: The relation in all the years was negative, but 

significant only during 2003. 

In relation to Tmin: The relations were inconsistent in different years, 

significantly negative during 2003, insignificantly negative during 2005 

but insignificantly positive during the remaining two years. 

In relation to Tgr: High degree of significantly negative relation in 2003 

was followed by insignificant and poor positive relation in the three 

subsequent years. 

In relation to Tavg: The relations were negative during 2003 and 2005, 

but significant only during 2003 .During other two years the values were 

insignificant but positive. 

In relation to RHmax: Significant negative relationship was observed in 

all the years except 2003, during which very insignificant and negligible 

positive relation was recorded. 

In relation to RHmin: An insignificant positive value was recorded for 

2004. During the remaining three years the relations were negative, highly 

significant during 2003 and 2005, but insignificant during 2006. 
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In relation to RHgr: High level of significantly negative relationship was 

obtained in 2005 and 2006 and significantly positive relation during 2003. 

But for 2004, the relation was very insignificantly positive. 

In relation to RHavg: The relationship was always negative, significantly 

very high in all the years except in 2004. 

In relation to Shr: The relations were both positive and negative, but only 

significantly positive during 2004. 

In relation to Rfall: In all the years negative relationship was noted but 

the values were significant only during 2005 and 2006. The number of 

rainy days showed insignificant positive relation. 

4.1.2.4Fiy 

Guild composition: Two species, each of damselfly and the dragonfly 

constituted the guild of which the former dominated in number of individuals. 

Of all the species Agriocnemis pygmaea appeared as the dominant species 

representing more than 3 0% of the collected samples. Other recognized species 

was Agriocnemis femina. 

Population dynamics: No specific pattern of abundance of the guild members 

could be recognized in any of the years. The population was thus inconsistent in 

respect of the relative abundance of the guild species. The highest population 

was noticed at the late vegetative stage of paddy. The population thereafter 

steadily declined. Very low abundance was noted at the time· of crop maturity 

(Fig 4.1.6b ). 

Correlation analysis of fly population with climatic factors (Table.4.1.3) 

In relation to Tmax: During the first three years, the relation was 

positive, but was significant only during 2005. In 2006, the relation was 

negative and insignificant. 

In relation to Tmin: Insignificant negative relation was recorded during 

2004. In all the years the relation was positive but significant only in 2006. 
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In relation to Tgr: Tgr exerted significantly positive effect upon the 

dynamics of the fly population in all the years. 

In relation to Tavg: Except in 2003, the relationship was positive but was 

significant in 2004 and 2006. Significantly negative result was obtained in 

2003. 

In relation to RHmax: In all the years positive relationship was observed 

and was significant except 2004. 

In relation to RHmin :·Positive relationship was noted in all the years but 

was significant only in 2005 and 2006. 

In relation to RHgr: Except in 2006, the relation was positive and 

significant in 2003 and 2006. The relation was negative and insignificant 

in 2006. 

In relation to RHavg: Significantly positive relation was noted during 

2003 and 2005. During 2004 and 2006 the relation was negative and 

insignificant. 

In relation to Shr: The correlation values were positive for all the years 

and were significant except for 2005. 

In relation to Rfall: Rfall exhibited both positive during 2003 and 2004 

and negative during 2005 and 2006 relationship with the fly population. 

However in all the years the relation was significant. Number of rainy days 

exhibited both insignificant positive and negative relation. 

Discussion: All the natural predators exhibited diversified relationship. The 

spider, Tetragnatha sp. was positively correlated with Tmax and Tavg. While 

Lycosa sp. exhibited significant positive relation with Shr, Tmin, Tavg. 

Furthermore, Araneous sp. was positively correlated with RH and Rfall (Mishra 

and Srivastava 1993). Nath and Sarkar (1978) concluded that in the BPH 

endemic regions of Khanakul (West Bengal), spiders could effectively check 

the hopper population only from the very date of transplantation in January to 

the early vegetative stage in March. Bhathal and Dhaliwal (1990) observed that 

under the agro-climatic condition of Punjub the efficient predatory spiders of 
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WBPH are Oxypes pandae (3.7 prey individuals/day), Paradosa birmanica 

(3.6 prey individuals /day), Thomisus sp (3.4 prey individuals I day), Neoscona 

nautica (2.5 prey individuals I day). Heong (1989) noted that collectively 

spiders can consume 22 individuals of C./ividipennis in laboratory condition. 

From the recorded data and correlation values between the enemy 

populations and abiotic factors it appears that the spider population depends 

negatively with maximum and minimum ambient temperatures and positively 

with maximum relative humidity. In respect of other climatic factors the 

abundance of spider population shows disparities to a lesser degree. Hence, 

spider population does not strictly rely on all the climatic factors. 

In general the population abundance of bug, damselfly and dragonflies and 

beetles is extremely inconsistent and unpredictable with relation to climatic 

factors. May be that the abundance of enemy population match the increase in 

the pest population. 

4.1.2.5. Nature ofYSB egg parasites I parasitoids 

Guild composition: Different species of parasites/parasitoids were recorded 

from the eggs, larvae and pupae ofYSB (Table.4.1.4). 

Table.4.1.4 Parasites/parasitoid species from different stages ofYSB life cycle 

Family Species Stage ofYSB life cycle 
attacked 

Eulophidae *Tetrastichus sp. Eggs 

Braconidae Stenobracon sp. Eggs 

Apanteles sp. Larva and pupa 

Chelonus sp. Larva and pupa 

Scelionidae *Telenomus sp. Eggs 

Ichneumonidae Temelucha sp. Larva and pupa 

/sotima sp. Larva 

Trichogrammatidae *Trichogamma sp. Eggs 

* Most abundant and effective as bio·control agents 
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Telenomus rowani predominates in Kamataka.At Coimbatore Tetrastichus 

sp.(32%), Telonomus rowani (24%) and Trichogramma japonicum (2%) are 

important parasites for paddy fields (Rai and Gowda 1977). Brar eta/. (1994) 

have found that the parasitic activity of T.dignus is always superior to 

Tjaponicum. A study at CRRl, Cuttack it has been found that the contribution 

of individual parasitoids was 52.8% by T.dignoides, 40.5% by T. schoenobii and 

6.5% by Tjaponicum. Feijen (1981) has reported that T. kalkae is the most 

important species in Malawi parasitizing on an average of 41% of the eggs of 

Diopsis sp. 

Population dynamics: Seasonal dynamics was studied only on the three most 

abundant and effective species (Table.4.1.4). Activity of Trichogramma sp. was 

recorded maximum in March followed in descending order by April, May, 

September, November and August. Maximum activity of Tetrastichus sp. was 

noted in July which was followed by October, May, April September and 

November and December respectively in descending order. Activity of 

Telenomus sp. was recorded highest in August followed by March and May. 

September and October exhibited sub-moderate level while a low level was 

noted in January and February (Fig.4.1.6c). 

Correlation analysis of YSB egg parasites with climatic factors (Table.4 .1.3) 

In relation to Tmax: Trichogramma sp. and Telenomus sp. exhibited 

significant negative relation with Tmax while Tetrastichus elaborated 

significant positive relation in most of the years. The parasites were found 

to be more effective when the range of temperature was between 14-30°C. 

Tmax during March to May and Tmin during February and November 

exerted no effect on egg laying but the number of the sterilized eggs was 

quite high. 

In relation to Tmin: In all the cases Tmin had a positive relation with the 

parasites population and significant in most of the years. 

In relation to Tgr: All the parasites showed significant negative relation 

with Tgr in all the years except in 2005 which was insignificantly negative. 
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In relation to Tavg: Except 2005, in all other years the field populations 

of Trichogamma sp. and Telonomus sp. showed significant negative 

relation with Tavg. While Tetrastichus exhibited significant positive 

relation in most of the years. 

In relation to RHmax: Trichogamma sp. population was positively 

correlated with RHmax at significant level in all the years. While 

Telonomus sp. and Tetrastichus sp. elaborated significant negative relation 

in most of the years. 

In relation to RHmin: Effect of RHmin upon the occurrence of the 

parasite population was insignificantly positive in the year 2003 and 2004 

but significantly negative in other two years. 

In relation to RHgr: Insignificantly negative relation existed between 

RHgr and the field populations of parasites in all the years, though higher 

the range of humidity, greater would be the availability of the viable eggs. 

In relation to RHavg: Parasite population exhibited significantly positive 

relation in all the years with RHavg. 

In relation to Shr: Shr exerted a significantly negative effect on the 

observable value of the parasites except in the year 2006 where the relation 

was significantly positive. 

In relation to Rfall: High Rfall within a short spell of time showed a 

significantly negative relation with the parasite population in the years 

2004 and 2006. However Telenomus sp. showed significant positive 

relation in the years 2003 and 2005. Excessive rain dislodged the egg 

masses resulting in high mortality. Low level of parasitization was 

recorded in rainy environments. In most of the years number of rainy days 

narrated insignificant negative relation with the parasites (Fig. 4 .1. 7). 

Discussion: The Relative effectiveness of the parasites was more influenced by 

the prevailing climatic conditions rather than by the density of the eggs. 

Although the relative dominance of the parasites varied throughout the year, the 

overall activity of the paddy field parasite species is in the order of 
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Tetrachius> Trichogramma>Telenomus. Relative abundance of the maJor 

parasites in the present observation is supported by Chandramohan and Chelliah 

(1990) who also have noted that the dynamics of Telenomus sp. is negatively 

influence by Tmax at significant level. While Tetrastichus sp. and Telenomus 

sp. exhibited significant positive and significant negative relation with Tavg 

respectively. Rao and Ali (1976) found that the average Tmax- 27.9 to 29.4°C 

and Tmin- 13.8 to 16.4°C are conducive for parasitic multiplication. Growth of 

the parasite is restricted when Tmax crosses 32°C (Hikim 1979). Nagarkatti et 

a/. (1973) found that the extremely cold or hot weather was unfavorable for 

some natural enemies in field condition. In southern parts oflndia, Tetrastichus 

schoenobii is most dominant through out the year except from May to August 

when Telenomus rowani governs the fields parasitizing 80-100% of YSB egg 

masses. But an opposite phenomenon was observed in the present study. High 

abundance of egg masses during March to April is associated with low level of 

parasitization. Furthermore, high population of parasites during May to August 

has been noted while the YSB eggs have been low in number. Hence, in a bio

control component of IPM selective paddy growth stage specific release of the 

parasites proves helpful when YSB egg is abundant. 

4.1.3 Interaction among the non pests, pests and natural enemies: The 

occupancy pattern of each guild, as appeared from the study was numerically in 

the order of non-pests > natural enemies > pests, in pesticide untreated fields. 

The mean density of non-pests was much higher than that of other guilds' 

representatives and there was little difference between the mean densities of the 

natural enemies and the pests. But in pesticide treated fields, the pattern 

appeared in the order of pests > non-pests > natural enemies. Seeding methods 

adopted at the rice growing season changed the early rice ecosystem. These 

changes affected the development and the density of arthropod community on 

rice plants (Figs.4.1.3a and b). 

Song et al. (2003) also observed that the proportional representation of the 

members of the guild is in a decreasing order of natural enemies > pests > non

pests. They studied the guilds in an IPM programme. It might be assumed that 
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the heterogeneity in the guild composition could result from the differences of 

immigration rates of pests, regional characteristics, cultural practices, and 

sampling methods. 

4.1.4 The pest and enemy guilds, and their species dominance: Dominant 

species among the pests were BPH, followed by YSB and GM. Light trap 

estimation showed that the relative abundance of BPH constituted over 61% of 

the total pest species. 

In natural enemy guild, spiders were dominant group occupied over 55% 

which was followed by coleopterans. Variability was noted in the guild 

composition in relation to the seasons. Collective observations showed that 

parasitic wasps and heteropterans were two distinctive minor groups in this 

guild. In non-pest group, chironomids and other flies, and collembolans were 

dominant groups. 

4.1.5 Multiple correlation study to show the variable mutual interactions of 

pests, natural enemies and ecological factors 

4.1.5.1 Interactions of pests: The interaction patterns of the pests with the 

prominent climatic factors and the natural enemy populations were taken into 

consideration during the generation of respective equation of multiple 

correlations. As the occurrence of different pests were found to be influenced by 

both the biotic and abiotic factors it was rather convenient to consider the effect 

of some selected major factors. Both spider and beetle population imparted 

negative effect on the field status of YSB population. While Tmax, Tmin and 

RH% was viewed as the major positive limiting factors to check the BPH 

population. RH% and Shr affected the dynamics of GM population in positive 

and negative way respectively. The prominent limiting factors for the PB 

population Tmax and RH%, were respectively positive and negative. The 

interactive role of spider population played a critical negative role on the pest 

population. The major limiting factors for YSB activity is the field abundance 

of spider and beetle population (Table 4.1.5). 
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Table.4.1.5 Multiple correlation study of the pest population with the climatic 

factors 

Pests Equation of relation RL 

YSB Y N (DH) =-0.43 +8.13 spider+ 0.23 beetles. 0.61 * 
YN(BPH. kharifcrop.) = -0.83 +0.08 Tmin. + 59.5 Tmax. 0.71 * 

BPH YN (BPH. bora crop.) =-0.83 +0.06 Tmin. + 0.59.T max.+ 0.56* 
0.17 RHmax -3.61 Shr. 
YN(YSB)= 4.503 -0.27 YSB -0.02 BPH + 0.07 GM 0.51* 

GM 
YN(GM) =-7.16+0.26 Tmax.-0.31 T.min. + 0.82 RHmax.-

0.70* 
2.53 Shr. 
YN (PB) = 76.26-2.04 Tmin.- 0.57 T max.+ 0.82 RH. 0.68* 

PB 
YN (PB) = 10.97 +0.38.T.max.- 0.48 Tmin. -0.13 RHmax. + 0.59* 
0.45 GM.- 0.54 spider. 

YN (PB) = 48.12- 0.37 RHmax. -3.46 Shr. 0.51 * 

*Significant at 5% level 

Table.4.1.6 Multiple correlations study between the natural enemy populations 
in reference to the pest intensity 

Natural Equation of relation Rz 

enemies 
YN (YSB) = -0.04 + 0.02 spider.+ 0.1 beetles. -0.04 fly. 0.63* 

Spider (bora crop) 

YN (PB) = -24.19 + 0.31 orb spider. + 1.28 lynx spider. 0.53* 

Bug YN (BPH) =0.97 +0.32. spider. + 0.80. beetles +0.3 bug. 0.76* 

Beetle 
YN(PB) = 0.47+0.03.spider .-0.02.beetles. -0.17 fly.+0.09 0.65* 
YSB egg parasites (bora crop). 

Fly 
YN (YSB) = 0.48 + 0.21spider.-0.07 beetles. - 0.32 fly. + 0.67* 
0.12 YSB egg parasites. 

*Significant at 5% level 

4.1.5.2 Interactions of natural enemies: As the availability and the potentiality 

of the natural enemies were governed by multiple factors, it was thus beneficial 

to correlate the important factors to the dynamics of the natural enemies. Both 

the spider and the beetle population were intra interactive and acted as effective 

controlling factors respectively for YSB, BPH and PB population (Table 4.1.6). 

4.1.6 Formulation of the forecasting equation for the different pests: 

Depending on the average value of the field dynamics of the four major paddy 

pests in four consecutive years (2003-2006) pest forecasting equation was 

generated. 
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Fig.4.1.8:Determination of validity of the equation generated from the predicted 
value of pest population with the actual value of field population a: YSB, b: BPH, 
c: GM and d: PB. 
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4.1.6.1 Status of the equation: During the formulation of the equation gravity 

was given more on the climatic factors which imparted comparatively greater 

effect on the bionomics of the respective pest. 

Yellow stem borer 

10.6 +0.78Yc -0.37Yp- 4.03 Tmin•. 

r2 = 0.68* (significant at 5% level) 

YSBN = YSB population in next week, Y c = YSB population during the current week, 

Yp = YSB population during one week prior to the current week, Tmin• =Minimum 

temperature two week previous to current week. 

Brown plant hopper 

BPHN = -87.845 + 0.802 BPH cp- 1.505 Tmax• + 2.497 T min•. 

r2 = 0.62* (significant at 5% level) 

BPHN = Square root of BPH population of next week, BPHcP = Average of square root 

of current week and previous week BPH population, Tmax• =Average of two and three 

weeks prior to maximum temperature, Trnin• = Average day temperature of two and 

three weeks prior to minimum temperature. 

Gall midge 

- 1861.21 + 0.521 GMc + 93.689 Tmin• 

r = 0.55* (significant at 5% level) 

GMN = GM population after one week, GMc = Gall midge population during current 

week, Tmin• = Minimum temperature during current week. 

Paddy bug 

12.4 + 0.69 PBc- 0.42 PBp- 3.98 Tmax•. 

r = 62* (significant at 5% level) 

PBN = PB population of next week, PBc = PB population of current week. PBp = PB 

population of previous week, Tmax• = One week prior to current week. 

4.1.6.2 Detection of the validity of the equation: The relative validity of the 

proposed forecasting equation for different pests was assessed in the year 2007-

2008. To determine the applicability and the acceptance of the generated 

equation, the average 'predicted value' obtained from the generated equation for 
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each pest was compared with the 'observed value' from the field data. To get 

the 'observed value' fortnight light trap (200wt) assessment on the pest 

population was carried out only in Raiganj and the average value of two 

consecutive years was considered. 

Observed value on the average field dynamics of YSB and BPH were in 

consonance with the predicted values. But the variations from the 'predicted 

values' were noted in case of GM and PB populations. Inconsistency of the 

generated equation for GM and PB was probably due to their unpredictable 

interaction with the climatic factors and natural enemies (Fig.4.1.8). 

4.1.6.3 Preparation of time-tables in relation to pest occurrence: The data on 

pest incidence for all the tables are obtained from light trap catches using an 

electric lamp of200 watt. Depending on the intensity of numbers of individuals 

of all the four major pests, a comprehensive time table has been constructed for 

each of the pests. The tables in general focus on the timing of the beginning of 

pest incidence, passing through different grades of abundance and their 

disappearance after attainment of the highest numbers. Such tables certainly 

enable in a holistic way to formulate and hypothesize the seasonal activity of a 

pest species in an area with contiguous agro-climatic conditions and common 

schedule of paddy cultivation practices (Table.4.1.7- 4.1.10). 

Table.4.1. 7: Relative incidence ofYSB in relation to SMW 

Grade level of Number of SMW 
incidence individuals/trap 

High 201< 488 

Medium 151-200 28' 42b 
' 

Moderate 101-150.00 88 20b , 

Low 76.00-100.00 22b, 40, 44•, 46 

Very low 51.00- 75.00 48 ,10,12,18b 

Trace 0.00-50.00 2, 14' ,16, 24, 26, 30, 32, 34, 
36, 38, 50, 52b 

Most active period (') and least active period (") within level of incidence 
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Table.4.1.8: Relative incidence ofBPH in relation to SMW 

Grade level of Number of 
incidence individuals/trap SMW 

High 751.00< 40', 42, 44, 46b 

Medium 601.00- 750.00 18' 36 38b , , 

Moderate 401.00- 600.00 14, 16, 20, 22b, 34' 

Low 151.00-400.00 10, 12', 24b,28 

Very low 101.00- 150.00 4b, 8, 26, 48' 

Trace 0.00-100.00 2, 30, 32', SO, 52b 

Most active period (') aod least active period (") within level of incidence. 

Table.4.1.9: Relative incidence ofGM in relation to SMW 

Grade level of Number of 
SMW 

incidence individuals/trap 

High 15.51< 42' 

Medium 10.51-15.50 40' 44b , 

Moderate 5.51-10.50 36b 38' , 

Low 1.51--5.50 32', 34, 46, 48b 

Very low 0.51-1.50 18b, 20, 24, 26, 28, 30', SO, 52 

Trace 0.00-0.50 2b, 4, 8, 10, 12, 14, 16', 51 

Most active period (') aod least active period (b) within level of incidence 

Table.4.1.10: Relative incidence ofPB in relation to SMW 

Grade level of Number of 
SMW 

incidence Individuals/trap 

High 7.51< 20,22',24b,40, 

Medium 5.51-7.50 36', 38, 42, 44b 

Moderate 3.51-5.50 14, 16b, 18, 26', 28,30, 32, 34 

Low 2.51-3.50 46b 48' , 

Very low 1.51-2.50 12b so• , 

Trace 0.00-1.50 2b,4, 8,10', 52 

Most active period (') aod least active period (") within level of incidence 
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Climatic factors have profound effect on the periodicity of the pests than 

the natural enemies. The overall dynamics of the natural enemies are 

inconsistent and showed no definite relation with the climatic factors. The 

population of natural enemies was thus found to be more influenced by the 

abundance of the pest population. Formulation of the predicted population 

of both YSB and BPH nearly fitted with the actual field value of the pests. 

But GM and PB partly satisfy the equation which implies that either the 

population is more influenced by the macro climate or their rhythmic 

periodicity requires a longer time. 
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4.2 Dynamics of the Pests in Relation to the Time of Cultivation 

Plantation schedule: Farmers cultivate three paddy crops in a year, pre-kharif, 

kharif and bora. Among the three crops, kharif and bora are mostly practised. 

The four major pests were assessed for these two cultivation practices round the 

year at every 7 days interval by hill estimation for the high yielding variety 

Swarna Mashuri. Cultivation periods were categorized into three groups in both 

kharif(JG'l, KP2 and KP3} and bora (BPI, BP2 and BP3) season for assessing 

the 4 pest complexes and for determination of suitable cultivation time. For this 

study the schedule was decided on standard meteorological weeks (SMW) 

covering one calendar year. During bora season the seedlings were retained for 

longer time in the seed bed. Periodic field observation during bora season was 

carried out discontinuously to satisfy the same times of observation during both 

the seasons. As there was no hill formation in the seed bed condition, 20 

seedlings were considered as the equivalent of one hill. 

4.2.1 Yellow stem borer 

Population dynamics 

On kharif crop: YSB was recorded during the entire crop growing period 

from 20 SMW to 44 SMW. In KPl, the population was initiated at 20 

SMW and increased up to 28 SMW attaining the highest at about 35 

SMW, then declined rapidly to traces by 39 SMW. In KP2, YSB attack was 

initiated at 22 SMW increased up to 29 SMW, reaching a maximum at 29 

SMW and then reduced by 41SMW. In case of KP3, the incidence 

increased gradually from 24 SMW up to 31 SMW and attained the 

maximum by 44 SMW (Table.4.2.1). 

On bora crop: Variable range of YSB was noticed throughout the crop 

growing season. In BPI, the initiation was noticed from 46 SMW, increased 

gradually up to 02 SMW, maximized at about 12 SMW; and then declined 

rapidly. In BP2, the attack was initiated at about 48 SMW, attaining the 

maximum by 06 SMW and then minimized by I 3 SMW, after which the 

population gradually increased. In BP3, it was initiated at about 49 SMW 

followed by the gradual ascending up to 13 SMW and then maximized at 

about 16 SMW (Table.4.2.2). 
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Table.4.2.1: Incidence and relative abundance ofYSB on kharifcrop of three different cultivation times 

Year 
Cultivation 

times 

Pest infestation in standard meteorological weeks (SMW) 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 35 36 37 38 39 40 41 42 43 44 

KP1 
2.45 3.12 3.34 2.81 1.21 1.29 2.41 5.12 4.17 2.34 2.61 1.22 1.67 2.31 5.26 3.53 3.91 3.22 2.98 3.09 

1.71 1.90 1.95 1.81 1.30 1.33 1.70 2.37 2.16 1.68 1.76 1.31 1.47 1.67 2.41 2.01 2.10 1.92 1.86 1.89 

2003 KP2 
1.87 2.01 1.01 0.89 2.05 2.47 2.12 2.03 1.78 0.59 0.79 1.14 3.11 1.63 1.87 1.87 1.75 1.91 2.11 2.56 

1.53 1.58 1.22 1.17 1.59 1.72 1.61 1.59 1.50 1.04 1.13 1.28 1.90 1.45 1.45 1.53 1.51 1.55 1.61 1.71 

2.41 2.63 2. 75 2.81 3.97 3.21 3.45 3.67 2.41 2.47 3.47 2.11 3.21 3.46 3.61 3.75 3.82 4.12 4.79 5.12 
KP3 

1.70 1.76 1.80 1.81 2.11 1.92 1.98 2.04 1.70 1.72 1.99 1.61 1.92 1.98 2.02 2.06 2.07 2.14 2.30 2.37 

2.15 3.22 3.34 2.71 1.31 1.27 2.52 5.32 4.47 2.34 
KP1 

2.67 1.32 1.68 2.41 5.46 3.63 3.95 3.42 2.67 3.19 

1.62 1.92 1.95 1.79 1.34 1.33 1.73 2.41 2.22 1.68 1.78 1.34 1.47 1.70 2.44 2.03 2.10 1.97 1.78 1.98 

1.75 2.42 1.33 0.76 2.23 2.37 2.41 2.63 1. 71 0.69 0.83 1.44 3.31 1.73 1.85 1.89 1.69 1.81 2.41 2.76 
2004 KP2 - 1.51 1.70 1.35 1.12 1.65 1.69 1.70 1.76 1.48 1.09 1.15 1.39 1.95 1.49 1.53 1.54 1.47 1.51 1.70 1.80 

~ 2.61 2.73 2.77 2.86 3.77 3.25 3.55 3.65 2.61 2.44 3.51 2.41 3.41 3.56 3.71 4.75 4.52 5.02 5.19 5.72 
KP3 

1.76 1.79 1.80 1.83 2.06 1.93 2.01 2.03 1.76 1.71 2.00 1.70 1.97 2.01 2.05 2.29 2.24 2.34 2.38 2.49 

2.45 3.72 3.44 2.51 1.41 1.26 2.42 5.38 4.57 2.36 2.47 1.52 1.48 2.71 5.86 3.68 3.75 3.48 2.77 3.79 
KP1 

1.71 2.05 1.98 1.73 1.38 1.32 1.70 2.42 2.25 1.69 1.72 1.42 1.40 1.79 2.52 2.04 2.06 1.99 1.80 2.07 

1.55 2.52 1.73 0.66 2.23 2. 77 2.91 3.61 1.51 
2005 KP2 

0.57 0.74 1.54 231 1.53 1.83 2.39 1.49 1.71 2.51 2.56 

1.43 1.73 1.49 1.07 1.65 1.80 1.84 2.02 1.41 1.03 1.11 1.42 1.52 1.42 1.52 1.70 1.41 1.48 1.73 1.74 

2.31 2.75 2.74 2.81 3.72 3.45 3.67 3.62 2.81 3.04 3.58 2.71 3.61 3.86 3.79 4.85 4.92 5.32 5.39 5.87 
KP3 

1.67 1.80 1.81 1.82 2.05 1.98 2.04 2.02 1.81 1.89 2.01 1.79 2.02 2.08 2.07 2.31 2.32 2.41 2.42 2.52 

KP1 
2.25 3.53 3.62 2.49 1.44 1.36 2.22 5.48 4.67 2.56 2.77 1.81 1.88 2.71 5.49 3.68 3.35 3.41 2.65 3.61 

1.65 2.00 2.02 1.72 1.39 1.36 1.64 2.44 2.77 1.74 1.80 1.51 1.54 1.79 2.44 2.04 1.96 1.97 1.77 2.02 

1.51 2.62 1.76 0.65 2.33 2.57 2.95 3.65 !.55 0.56 0.54 1.74 2.35 1.56 1.73 2.79 I. 79 I. 77 2.57 2.86 
2006 KP2 

1.41 1.76 1.5o 1.07 1.68 1.75 1.85 2.03 1.43 1.02 1.01 1.49 1.68 1.43 1.49 1.81 1.31 1.5o 1.75 1.83 

2.51 2.77 2.78 2.87 3.77 3.75 3.77 3.69 2.89 3.44 3.52 2. 73 3.65 3.76 3.73 4.55 4.52 5.32 5.29 5.67 
KP3 

1.68 1.73 1.50 1.81 1.83 2.06 2.06 2.04 1.84 1.98 2.00 1.79 2.03 2.06 2.05 2.24 2.24 2.41 2.40 2.48 
--

Bold figures are square root transformed value 
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v. 

Table.4.2.2: Incidence and relative abundance ofYSB on bora crop oftbree different cultivation times 

Year 
Cultivation Pest infestation in standard meteorological weeks (SMW) 

times 46 47 48 49 50 51 52 04 OS 06 07 08 09 10 11 12 13 

0.38 1.32 1.22 1.41 0.59 0.29 0.61 1.22 1.37 1.44 1.21 1.02 1.37 0.81 1.65 1.53 1.31 
BPI 

0.93 1.34 1.31. 1.38 1.04 0.88 1.05 1.31 1.36 1.39 1.30 1.23 3.44 1.44 1.46 1.42 1.34 

0.17 0.31 0.11 0.69 0.61 0.67 1.02 1.33 1.18 0.29 0 .. 49 0 .. 54 1.46 0.73 0.87 
2003 BP2 

0.81 0.90 0.78 1.09 1.05 1.08 1.23 1.35 1.29 0.88 3.31 1.01 1.40 1.10 1.17 

2.11 1.33 1.65 0.71 0 .. 97 1.11 1.25 1.38 1.22 1.27 1.29 0.94 1.21 
BP3 

1.61 1.35 1.46 1.10 1.21 1.26 1.32 1.37 1.31 1.33 1.33 1.20 1.30 

0.15 222 244 2.41 1.21 0.87 1.62 2.32 3.47 1.34 1.67 1.22 1.28 1.41 2.11 2.13 1.95 
BPI 

0.80 1.64 1.71 1.70 1.30 1.17 1.45 1.67 1.99 1.35 1.47 1.31 1.33 1.38 1.61 1.62 1.56 

0.70 0.42 0.33 0.76 1.23 1.37 1.41 1.13 0.71 0.69 0.83 1.44 2.31 1.79 0.45 
2004 BP2 

1.09 0.95 0.91 1.12 1.31 1.36 1.38 1.27 1.10 1.09 1.15 1.39 1.67 1.15 0.97 

2.12 1.13 1.17 1.42 1.27 1.25 1.65 269 274 241 1.41 1.56 1.71 
BP3 

1.61 1.27 1.29 1.38 1.39 1.32 1.46 1.78 1.80 1.70 1.38 1.43 1.48 

1.05 1.42 2.34 2.31 0.71 1.26 0.82 1.38 1.57 2.16 2.17. 1.22 1.28 1.32 1.46 2.58 2.75 
BPI 

1.24 1.38 1.68 1.67 1.11 1.32 1.14 1.37 1.43 1.63 1.63 1.31 1.33 1.34 1.40 1.75 1.80 

0.55 0.59 0.73 0.69 1.23 1.77 1.91 1.61 1.51 1.57 1.74 1.54 2.31 1.53 1.33 
2005 BP2 

1.02 1.04 1.09 1.09 1.31 1.50 1.55 1.45 1.41 1.43 1.49 1.42 1.67 1.42 1.35 

1.36 2.75 274 2.81 3.71 2.45 1.67 1.64 201 211 2.06 2.51 2.42 
BP3 

1.36 1.80 1.81 1.81 2.05 1.71 1.47 1.46 1.58 1.61 1.60 1.73 1.70 

1.25 1.53 262 2.19 1.14 1.36 223 3.48 2.67 2.59 2.78 1.81 1.85 270 2.49 2.68 2.35 
BPI 

1.3 1.42 1.76 1.64 1.28 1.36 1.65 1.99 1.78 1.75 1.81 1.51 1.53 1.78 1.72 1.78 1.68 

1.53 1.22 1.06 0.75 263 2.17 2.05 2.65 0.85 0.46 0.54 1.54 2.55 0.76 0.98 
2006 BP2 

1.42 1.31 1.29 1.11 1.76 1.63 1.59 1.77 1.16 0.97 1.01 1.42 1.74 1.12 1.21 

0.98 1.27 1.18 2.51 3.37 2.15 2.17 1.19 1.39 1.54 1.32 1.63 1.85 
BP3 

1.21 1.33 1.29 1.73 1.96 1.62 1.63 1.30 1.37 1.42 1.34 1.45 1.53 
- - - - -

Bold figures are square root transformed value 

14 15 16 17 18 19 20 

1.12 0.98 0.39 

1.27 1.21 0.94 

0 .. 57 0.89 0.86 1.11 1.26 

1.03 1.17 1.16 1.26 1.32 

1.46 261 2.75 282 1.12 256 212 

1.40 1.76 1.80 1.82 1.27 1.74 1.61 

1.42 1.64 1.17 

1.38 1.46 1.29 

1.49 1.19 1.11 2.11 1.44 

1.41 1.30 1.26 1.61 1.39 

1.85 1.52 2.02 2.19 2.52 249 251 

1.53 1.42 1.58 1.64 1.73 ].72: 1.73 

1.41 1.74 1.79 

1.38 1.49 1.51 

1.39 219 2.71 2.51 2.56 

1.37 1.64 1.79 1.73 1.74 

259 251 2.42 3.32 3.29 3.22 3.31 

1.75 1.73 1.70 1.95 1.94 1.92 1.95 

2.41 1.49 1.61 

1.70 1.41 1.45 

1.05 1.54 1.59 1.54 1.02 
' 1.24 1.42 1.44 1.42 1.23 ' 

1.66 1.63 1.85 2.12 1.19 1.31 1.29 

1.331 1.46 1.45 1.53 1.61 1.30 1.34 
-



Results and Discussion 

Interaction with crop phenology: As YSB infestation mainly occurred at 

vegetative and early tillering stages, a growth stage specific positive relation to 

the three cultivation schedules was recorded. KP3 crop recorded significantly 

higher mean population followed by in KP 1. However in KP2 crop the 

infestation had been the lowest with the average value of 1. 99 individuals I hill. 

In bora crop the level of the pest attack was the lowest in case of BP2 

(1.25 individuals I hill). In case of other two cultivation schedules, BPI and BP3 

accounted 1.63 and 2.01 individuals I hill respectively. 

Discussion: The present study reveals that the pest has been least in number in 

case of the KP2 and BP2 suggesting the best times for the two seasons. 

Although the pest population was comparatively low in KPl and BPI than in 

KP3 and BP3, the prevailing climatic conditions during these two crops impede 

the plant growth and hence yield becomes low. Therefore, KP3 and BP3 

schedules may be disregarded. 

Ganguli et at. (200 1) have studied S. incertulas infestation in two rice 

cultivars, BD-200 and Kranti, at Raipur, Madhya Pradesh and found that sowing 

by June 30 and July 15 are most suitable. Delayed sowing increases the level of 

infestation. Present observation is in consonance with the study of Viaj ante et 

at. (1988) who have observed that the survivability of YSB larvae improves 

with increasing plant age up to 34 to 40 days after sowing (DAS), and then 

declines progressively on plant aged 46 to 52 DAS, suggesting time specific 

crop cultivation. In China, farmers use a careful selection of sowing dates to 

prevent damage by the borers. 

4.2.2 Brown plant hopper 

Population dynamics 

On kharif crop: After the crop establishment, the population steadily built 

up in KPl. The high range of population was observed at 27-31 SMW and 

was maintained up to 36 SMW which then declined rapidly by 38 SMW. 

In KP2, maximum and minimum number of BPH was recorded at 32 and 

22 SMW respectively. KP3 supported 9.32 individuals/hill at the initial 
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Results and Discussion 

stage of crop establishment. The population increased gradually reaching 

the maximum at 32 SMW and subsumed afterwards (Table.4.2.3). 

On boro crop: In BPI, BPH incidence was initiated at 46 SMW. A 

moderate level was attained and sustained up to 52 SMW, thereafter; the 

population reached the peak at 7 SMW. After 15 SMW the population 

declined steadily. BP2 supported very low number of BPH during crop 

establishment, increased gradually and peaked at about 7 SMW. In case of 

BP2, early low population at seed bed was immediately followed by 

gradual increase which maximized at about IO SMW. In BP3, the highest 

number of BPH was noted at 9 SMW while the least was scored at 50 

SMW (Table.4.2.4). 

Interaction with crop phenology: In kharif season, KP3 crop recorded high 

mean population followed by KPl. On the other hand, KP2 crop supported 

lowest number of pest with an average I4.1I individuals I hill. 

In boro crop the lowest count of BPH was registered for BP2 (9.60 

individuals I hill). BPI and BP3 accounted I5. 10 and I4.25 individuals I hill 

respectively. BPH imparted the highest damage to the standing crop from 

vegetative to early tillering stages. 

Discussion: At early vegetative stage maintenance of field water at variable 

optimum levels disapproves BPH colonization to some extent. A minor adult 

peak has appeared at about 8 weeks after transplantation (W AT) mostly by the 

macropterous morph which then multiplies. Immigrant adults together with a 

few brachypterous adults produce the major peak at about I I WAT that 

possibly befits plant age. The pest is most abundant in two periods in a year one 

in the kharif season and the other in the bora season. A time bound BPH peak in 

paddy fields has also been recorded by other authors. Adoption of cultivation 

schedules KP3 and BP3 synchronizes the pest activity with the late vegetative 

stage of paddy rendering high level of damage. Observation explains that BPH 

is most abundant in two periods per year one in the bora and the other in the 

kharif season. 
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Table. 4.2.3: Incidence and relative abundance ofBPH on kharif crop of three different cultivation times 

Cultivation Pest infestation in standard meteorological weeks (SMW) 

times 
lO 11 ll l3 24 15 16 17 18 29 30 31 31 33 35 36 37 

5.21 5.92 6. 75 8.11 10.24 14.18 17.11 21.19 26.23 30.12 32.31 29.7 27.3 26.10 24.32 2244 21.92 
KP1 

1.38 1.53 2.69 2.93 3.17 3.83 4.19 4.65 5.53 5.72 5.49 5.17 5.15 4.98 4.78 4.78 4.73 

4.22 5.37 6.21 8.12 10.21 11.34 13.71 18.11 19.01 20.11 20.71 18.34 18.01 17.34 17.02 
KP2 

1.17 1.59 1.93 3.17 3.44 3.76 4.31 4.41 4.53 4.60 4.34 4.30 4.12 4.18 4.18 

KP3 
9.12 10.11 12.13 14,71 16.21 19.01 23.01 24.11 24.17 27.11 25.24 22.01 20.01 

3.10 3.25 3.55 3.90 4.08 4.41 4.84 4.96 4.96 5.15 5.07 4.74 4.51 

6.27 6.82 7.11 8.21 10.94 14.31 17.21 21.71 27.21 31.11 32.21 29.21 28.01 27.11 24.31 27.21 20.72 
KP1 

2.60 2.70 2.75 1.95 3.38 3.84 4.20 4.71 5.16 5.62 5.71 5.45 5.33 5.23 4.98 5.26 4.60 

4.98 
KP2 

6.79 6.78 8.72 ll.41 11.92 13.74 18.17 19.98 20.41 21.34 18.61 18.34 18.21 17.34 

2.34 2.70 2.69 3.03 3.45 3.52 3.77 4.31 4.51 4.57 4.67 4.37 4.34 4.32 4.22 

10.23 11.71 12.74 13.98 15.11 19.32 20.01 20.51 23.72 26.21 24.10 21.31 20.02 
KP3 

5.16 4.95 4.67 4.52 3.27 3.49 3.63 3.80 3.95 4.45 4.51 4.58 4.92 

5.32 5.87 6.65 8.02 9.31 13.18 16.34 18.21 21.34 23.71 29.12 21.12 26.ll 25.17 23.19 22.72 19.84 
KP1 

1.41 2.52 2.67 1.91 3.13 9.69 4.10 4.32 4.67 4.92 5.44 4.64 5.15 5.06 4.86 4.81 4.50 

4.67 5.21 6.12 8.02 11.34 11.21 12.98 16.33 18.72 20.14 20.92 19.11 18.71 18.34 27.27 
KP2 

2.21 1.38 1.57 1.91 3.44 3.42 3.67 4.10 4.38 4.54 4.61 4.41 4.38 4.34 5.16 

9.02 9.72 ll.21 13.37 14.12 18.71 22.34 24.02 24.61 25.81 26.13 22.21 20.11 
KPJ 

3.08 3.19 3.42 3.72 3.81 4.38 4.77 4.95 5.01 5.12 5.16 4.76 4.53 

4.96 5.37 6.34 8.78 10.67 12.12 12.98 14.78 16.62 21.12 26.91 21.32 20.18 19.11 18.78 18.21 18.01 
KP1 

1.33 2.42 1.61 3.04 3.34 3.55 3.67 3.90 4.13 4.64 5.23 4.67 4.54 4.42 4.39 4.31 4.30 

4.92 5.71 6.91 8.17 11.11 12.34 12.76 13.72 16.19 20.17 20.42 18.21 18.34 17.11 17.34 
KP2 

2.32 2.44 2.72 2.94 3.40 9.58 3.64 3.77 4.08 4.54 4.57 4.32 4.34 4.19 4.22 

8.91 10.17 12.31 14.81 16.31 18.34 22.81 23.71 24.11 27.61 23.24 22.12 22.62 
KP3 

3.06 3.26 3.57 3.91 4.10 4.34 4.82 4.92 4.96 5.30 4.87 4.75 4.80 

Bold figures are square root transformed value 

38 39 40 41 42 43 44 

20.01 18.21 17.31 

4.52 4.32 4.22 

16.48 15.28 15.76 12.11 10.31 

4.11 3.97 4.03 3.55 3.18 

20.07 18.47 17.21 16.34 17.01 17.09 17.92 

4.53 4.35 4.10 4.10 4.18 4.19 4.29 

20.47 19.47 19.21 

4.57 4.46 4.43 

16.61 15.34 15.51 13.09 12.11 

4.13 3.97 4.00 3.68 3.55 

20.12 18.14 18.11 16.34 17.07 17.00 16.32 

4.54 4.31 4.31 4.10 4.19 4.18 4.10 

19.71 19.41 19.11 

4.49 4.46 4.42 

16.42 14.11 13.24 12.11 11.01 

4.ll 3.82 3.70 3.55 3.99 

20.21 18.51 17.31 16.44 17.12 17.17 17.48 

9.55 4.36 4.22 4.ll 4.19 4.10 4.14 

17.97 16.31 14.01 

4.29 4.10 3.81 

16.43 14.11 15.01 13.91 13.87 

4.ll 3.82 3.93 3.79 3.79 

20.11 16.14 17.78 16.34 15.19 15.02 14.98 

4.53 4.07 4.27 4.10 3.96 3.93 3.93 
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N 
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2003 

2004 

2005 

2006 

Cultiwtlon 

times 

BPI 

BP2 

BP3 

BPI 

BP2 

BP3 

BPI 

BP2 

BP3 

BPI 

BP2 

BP3 

46 

4.8 

ZJO 

4.6 

2.25 

5.2 

23 

4.21 

2.1 

Table.4.4.4: Incidence and relative abundance of BPH on boro crop of three different cultivation times 

Pest infestation in standard meteorological weeks (SMW) 

41 48 49 50 51 5l 04 05 06 07 08 09 10 II I> 13 14 15 16 

4.9 5.1 7.4 9.3 11.8 16.2 20.7 21.7 21.9 24.3 19.7 19.1 18.7 18.2 17.4 17.1 16.7 15.8 12.1 

1.32 2.48 2.81 3.13 3.50 4,08 4.60 4.71 4.73 4.97 4.49 4.42 438 432 4.23 4.19 4.14 ~03 3.54 

4.2 4.7 5.1 5.7 8.7 8.9 13.7 16.3 18.4 18.1 13.2 13.7 11.2 11.5 10.4 8.2 8.1 5.3 

2.16 2.28 236 2.48 3.03 3.06 3.76 4.09 434 431 3.70 - 3.76 3.42 3.46 330 2.94 2.93 2.40 

5.1 9.7 11.4 14.8 165 1<2 18.7 17.4 17.1 16.9 16.3 161 15.8 15.3 15.1 14.7 

2.48 3.19 3.44 3.91 4.11 432 438 4.23 4.19 4.17 4.09 4.07 4.03 3.97 3.94 3.89 

4.7 5.5 7.3 9.1 11.7 16.1 zd.z 21.5 20.4 23.2 19.2 18.7 18.1 17.9 17.2 16.8 16.2 15.4 11.9 

2.28 2.44 2.79 3.09 3.49 4.09 4.54 4.69 4.57 4.86 4.43 438 4JI ~28 4.20 4.15 4.08 3.98 3.52 

4.7 5.1 5.3 5.9 7.8 8.4 129 16.2 17.4 17.3 12.7 12.8 11.1 11.3 10.2 8.1 6.9 5.1 

228 236 2.40 2.52 2.88 2.98 166 ~08 U3 4.21 3.63 164 140 3.43 3.27 2.93 2.72 2.36 

5.4 9.3 11.2 13.7 15.3 15.8 16.8 17.2 17.0 16.4 16.2 15.8 15.4 15.1 14.9 14.4 

2.42 3.13 3.42 3.76 3.97 4.03 4.15 4.20 4.18 ~II 4.08 4.03 3.98 3.94 3.92 3.86 

5,1 5.6 6.9 7.8 9.12 14.21 18.43 19.76 23.21 24.81 19.53 19.86 18.81 18.52 17.61 18.89 16.82 15.91 12.70 

136 2.46 2.12 2.88 3.10 3.83 435 4.50 4.86 5.03 4.47 451 4.39 06 4.25 4.40 4.16 us 3.63 

4.51 4.78 5.32 5.82 7.91 8.42 1281 15.0 17,51 18.23 12.73 1292 11.11 11.31 10.21 8.70 7.41 5.51 

223 2.29 2.41 2.51 2.90 2.98 3.64 3.93 4.24 4J2 3.63 3.66 3.40 3.43 3.27 3.03 2.81 2.45 

5.12 6.72 8.87 11.34 14.52 16.27 18.11 18.96 18.43 17.52 17.32 17.15 16.42 16.23 16.11 15.72 

2.37 2.68 3.06 3.44 3.87 4.09 431 4.41 435 04 4.22 4.20 4.11 4.09 4.07 4.02 

4.72 5.54 6.92 7.73 8.85 12.43 16.23 18.75 20.32 22.41 25.71 28.10 21.72 19.52 19.11 18.41 17.93 17.13 15.27 

l.l8 2.45 2.12 2.86 3.05 3.59 4.09 438 ~56 4.78 5.11 534 4.71 4.47 4.42 4.34 429 ~19 3.19 

4.35 4.28 5.57 5.78 8.23 8.78 12.45 15.21 17.42 17.52 12.71 12.80 11.11 11.29 8.91 8.41 7.61 7.41 

2.20 2.18 2.46 2.50 2.95 3.04 359 3.96 4.23 4.24 3.63 3.64 3.40 3.43 3.06 2.98 2.84 2.81 

5.81 7.21 9.65 1211 15.72 17.42 18.21 18.96 21.22 19.23 18.89 16.65 15.96 15.23 14.74 14.19 

2.51 2.77 3,18 3.55 4.02 4.23 432 4.11 4.66 4.44 4.40 4.14 4,05 3.96 3.90 3.83 
- - - - - - - - - - -

Bold figures are square root transformed value 

17 18 19 20 

5.1 4.2 

230 2.16 

127 121 IL4 9.8 

3.63 3.54 3.44 330 

5.3 4.9 

~40 232 

11.9 11.7 11.4 10.2 

3.51 3.42 3.44 3.27 

5.51 4.82 

2.46 230 

15.22 14.81 14.31 14.10 

3.96 3.91 3.84 3.82 

7.13 6.81 

2.76 2.70 

13.76 1243 9.98 9.25 

3.77 359 3.23 3.12 



Results and Discussion 

Alam (1971) found in India the largest light-trap catch during the first 

half of the year. Ho and Liu ( 1969) stated that the insect density was greater in 

the first crop in China than in the second. Double or continuous cropping with 

staggered plantation during late kharif season contributes to BPH out break. 

Early plantation disfavours the generation of suitable alternative hosts. The 

longer a suitable host plant in the field in a given year, the greater is the chance 

of the pest population to reach peak densities in the next crop. In case of 

delayed and asynchronous plantation, the insect may easily disperse from one 

field to another, and spread infestation from old crop to young. Early plantation 

will break in between the consecutive crops is one of the possible ways to keep 

the BPH menace at sub-threshold level. High temperature with optimum RH is 

associated with high pest number. A range of70-80% RH is optimum for BPH 

development (Bhatnagar et a/.1999). Adoption of high seedling number I hill at 

late plantation combined with high density hills results in a dense plant canopy 

holding high moisture, are regarded be a critical complex factor that indulges 

the high BPH population build up. Because, egg ofBPH have tolerance to high 

temperature than do the nymphs and adults (Pathak et a/.1983). High 

temperature influences even seasonal abundance. Therefore, the time of 

planting may be suited in such a way that the greater. part of the vegetative 

stages of paddy pass through the time before the ambient temperature attains the 

high level congenial to embryonic development ofBPH (Srivastava et a/.1976). 

4.2.3 Gall midge 

Population dynamics 

On kharif crop: GM population fluctuated considerably throughout the 

cultivation season. In KP1, GM population initiated at 20 SMW, 

maintained in low numbers up to 25 SMW, and then maximized at 32 

SMW. In KP2, early low population at seed bed immediately was 

followed by gradual increase in number which was maintained up to 30 

SMW. Maximum number of GM was noted at 35 SMW after which the 

population gradually subsumed. KP3 registered the maximum GM 
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number at 33 SMW (2.32 individuals I hill) and the least at 24 SMW 

(0.82 individuals I hill) (Table.4.2.5). 

On boro crop: Though GM was low at seed bed stage, in BPI, it 

gradually increased from 8 SMW to IO SMW, maximized at I6 SMW and 

after which the population declined steadily. The least number of 

individuals was noted at 46 SMW. In BP2 early low number of population 

improved gradually attaining the maximum at 17 SMW (0.38 

individuals/hill). In BP3 a stable GM number was maintained from 4 to I4 

SMW after which the population subsumed rapidly (Table.4.2.6). 

Interaction with crop phenology: During kharif season, KP3 crop recorded 

significantly the highest mean population of GM followed by KP 1. While in 

case of KP2 least number of pest with an average 0. 79 individual I hill was 

noted. In boro crop least number ofGM was registered in BP2. While BPI and 

BP3 accounted O.I2 and 0.34 individual I hill respectively. 

Infestation and damage to the tillers by GM mainly occur at late tillering 

stage which synchronizes with the peak incidence of the pest at about 60-75 

DAT. Irrespective of differences in the seedling number I hills, percentage of 

damaged tillers varies insignificantly. 

Discussion: Maximum damage occurs during the months of October, ranging 

up to 3 7. 08 % in some provinces of southern parts of India. Present findings is 

at par with that of Suresh et a/. (I992) who viewed that GM incidence was 

significantly higher at vegetative stage during delayed plantation. Present 

observation also corroborates that of Hussain et a/. (I996) who have reported 

from Assam that plantation between 2"d week of July and I" week of September 

increase the infestation by 2.85 %. Present observation does not match with the 

findings of Jacob (I999) who has noted that no infestation occurs up to 2"d week 

of June in all the kharif crop in Kerala. Such variation arises due to the 

differences in the regional agro-climatic conditions. 
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Table.4.4.5: Incidence and relative abundance ofGM on kharifcrop of three different cultivation times 

Year 
Cultivation Pest infestation In standard meteorological weeks (SMW) 

times 20 21 22 23 24 25 26 27 28 29 30 31 32 33 35 36 37 

0.47 
KP1 

0.68 0.69 0.71 0.79 0.81 1.21 1.44 1.71 1.76 1.83 1.97 2.12 2.10 2.01 1.23 1.04 

0.98 1.08 1.09 1.10 1.13 1.14 1.30 1.39 1.48 1.50 1.52 1.57 1.61 1.61 1.58 1.31 1.24 

0.35 0.41 0.53 0.60 0.73 0.82 0.88 0.94 0.98 1.01 1.00 1.07 1.12 1.13 1.05 
2003 KP2 

0.92 0.95 1.01 1.04 1.10 1.14 1.19 1.20 1.21 1.22 1.22 1.25 1.27 1.27 1.24 

KP3 
0.81 0.83 0.91 1.31 1.62 1.84 1.91 1.95 2.31 2.36 2.32 2.07 2.11 

1.14 1.15 1.18 1.34 1.45 1.52 1.55 1.56 1.67 1.69 1.67 1.60 1.61 

KP1 
0.49 0.69 0.71 0.79 0.89 0.88 1.41 1.48 1.51 1.86 1.89 1.82 2.52 2.60 2.81 1.13 1.15 

0.99 1.09 1.10 1.13 1.17 1.17 1.38 1.40 1.41 1.53 1.54 1.52 1.73 1.76 1.81 1.27 1.28 

0.33 0.51 0.52 
2004 KP2 

0.62 0.74 0.81 0.85 0.92 0.97 1.11 1.06 1.05 1.14 1.21 1.15 

0.91 1.00 ].00 1.05 1.11 1.14 1.16 1.19 1.21 1.26 1.24 1.24 1.28 1.30 1.28 

0,84 0.80 0.89 1.37 1.64 1.87 1.85 1.96 2.34 2.36 2.32 2.09 2.15 
KP3 

1.15 1.14 1.17 1.36 1.46 1.53 1.53 1.56 1.68 1.69 1.67 1.60 1.62 

KP1 
0.57 0.69 0.79 0.78 0.73 0.85 1.27 1.49 I. 75 1.74 1.81 1.94 2.19 2.07 0.98 1.23 1.04 

1.03 1.09 1.13 1.13 1.10 1.16 1.33 1.41 1.50 1.49 1.51 1.56 1.64 1.60 1.21 1.31 1.24 

0.41 0.48 0.73 0.61 0.84 0.89 0.86 0.97 0.91 1.31 1.13 1.16 1.19 1.33 1.15 
2005 KP2 

0.95 0.98 1.10 1.05 1.1 1.17 1.16 1.21 1.18 1.34 1.29 1.28 1.30 1.35 1.28 

0.81 0.78 0.83 1.36 1.61 1.85 1.82 1.91 2.31 2.33 2.31 2.11 2.19 
KP3 

1.14 1.13 1.15 1.36 1.45 1.53 1.52 1.55 1.67 1.68 1.67 1.61 1.64 

0.41 0.60 0.61 0.61 0.91 0.84 1.21 1.54 1.81 1.79 1.83 2.17 2.52 2.30 2.03 1.43 1.09 
KP1 

0.97 0.99 1.06 1.07 1.15 1.15 1.30 1.42 1.51 1.51 1.53 1.63 1.73 1.67 1.59 1.38 1.26 

0.45 0.49 0.63 0.65 0.83 0.84 0.87 0.98 0.94 1.21 1.10 1.06 1.12 1.23 1.09 
2006 KP2 

0.97 0.99 1.06 1.07 1.15 1.15 1.17 1.21 1.20 1.30 1.26 1.24 1.27 1.31 1.26 

0.83 0.79 0.84 1.39 1.65 1.89 1.89 1.90 2.21 2.23 2.30 2.10 2.13 
KP3 

1.15 1.13 1.15 1.37 1.46 1.54 1.54 1.54 1.64 1.64 1.65 1.67 1.61 
- - L__ --

Bold figures are square root transformed value 

38 39 40 41 42 43 44 

0.98 0.95 0.91 

1.21 1.20 1.87 

0.77 0.55 0.42 0.35 0.38 

1.12 1.02 0.95 o.92 0.93 

2.00 1.67 !.56 1.45 1.32 1.29 1.23 

1.58 1.47 1.43 1.39 1.34 1.33 1.31 

0.96 0.93 0.82 

1.20 1.19 1.14 

0.87 0.75 0.52 0.55 0.47 

1.17 1.11 1.09 1.02 0.98 

2.00 1.66 1.57 1.41 1.30 1.23 1.01 

1.58 1.46 1.43 1.38 1.34 1.31 1.22 

0.91 0.92 0.97 

1.18 1.19 1.21 

0.89 0.64 0.43 0.33 0.30 

1.17 1.06 0.96 0.91 0.89 

2.02 1.64 1.55 1.45 1.31 1.22 1.11 

1.58 1.46 1.43 1.39 1.34 1.31 1.26 

0.98 0.99 0.95 

1.21 1.22 1.20 

0.87 0.65 0.49 0.39 0.31 

1.17 1.07 0.99 0.94 0.90 

2.06 1.61 1.58 1.48 1.35 1.25 1.18 

1.60 1.45 1.44 1.40 1.36 1.32 1.29 
-
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Year 

2003 

2004 

2005 

2006 

Table.4.4.6: Incidence and relative abundance of GM on boro crop of tbree different cultivation times 

Cultivatio Pest iufestation in standard meteorological weeks (SMW) 
n 

times 
46 47 48 49 50 51 52 04 05 06 07 08 09 10 II 12 13 

0.09 0.04 O.Q3 0.03 0.01 0.02 0.02 0.05 0.05 0.01 O.D7 0.12 0.15 0.15 0.19 0.16 0.09 
BPI 

0.74 0.74 0.71 0.75 0.80 0.83 0.81 0.76 0.76 0.73 0.72 0.72 0.71 0.72 0.72 0.78 0.80 

0.09 0.12 0.09 0.08 0.13 0.17 0.17 0.19 0.16 0.17 0.21 0.26 0.31 0.32 0.29 
BP2 

0.76 0.76 0.81 0.81 0.83 0.81 0.87 0.90 0.90 0.88 0.76 0.78 0.79 0.81 0.84 

0.17 0.21 0.26 0.31 0.32 0.29 0.33 0.36 0.35 0.38 0.38 0.41 0.43 
BP3 

0.93 0.93 0.95 0.96 0.81 0.84 0.87 0.91 0.90 0.88 0.91 0.92 0.92 

0.04 O.D3 0.03 0.01 0.02 0.02 0.05 0.05 O.Dl 0.07 0.12 0.15 0.15 0.19 0.16 0.09 0.17 
BPI 

0.73 0.72 0.72 0.71 0.72 0.72 0.74 0.74 0.71 0.75 0.78 0.80 0.80 0.83 0.81 0.76 0.81 

0.09 0.08 0.13 0.17 0.17 0.19 0.16 0.17 0.21 0.26 0.31 0.32 0.29 0.33 0.36 
BP2 

0.76 0.76 0.79 0.81 0.81 0.83 0.81 0.81 0.84 0.87 0.90 0.90 0.91 0.92 0.92 

0.33 0.36 0.35 0.38 0.38 0.26 0.31 0.32 0.29 0.33 0.36 0.35 0.38 
BP3 

0.93 0.87 0.90 0.90 0.92 0.92 0.93 0.90 0.91 0.92 0.93 0.88 0.91 

0.03 0.01 0.02 0.02 0.05 0.05 0.01 0.07 0.12 0.15 0.15 0.19 0.16 0.09 0.17 0.23 0.34 
BPI 

0.76 0.81 0.85 0.72 0.71 0.72 0.72 0.74 0.74 0.71 0.75 0.78 0.80 0.80 0.83 0.81 o.91 

0.08 0.13 0.17 0.17 0.19 0.16 0.17 0.21 0.26 0.31 0.32 0.29 0.33 0.36 0.35 
BP2 

0.76 0.79 0.81 0.81 0.83 0.81 0.81 0.84 0.87 0.90 0.90 0.88 0.91 0.92 0.92 

0.26 0.31 0.32 0.29 0.33 0.36 0.35 0.38 0.38 0.35 0.39 0.41 0.37 
BP3 

0.90 0.91 0.92 0.92 0.92 0.94 0.95 0.93 0.87 0.90 0.88 0.93 0.93 

O.Ql 0.02 0.02 0.05 0.05 0.01 0.07 0.12 0.15 0.15 0.19 0.16 0.09 0.17 0.23 0.34 0.36 
BPI 

0.72 0.72 0.72 0.72 0.71 0.71 0.77 0.80 0.80 0.80 0.83 0.81 0.76 0.81 0.85 0.91 0.71 

0.09 0.08 0.13 0.17 0.17 0.19 0.16 0.17 0.21 0.26 0.31 0.32 0.29 0.33 
BP2 

0.90 0.88 0.91 0.76 0.76 0.79 0.81 0.81 0.83 0.81 0.81 0.84 0.87 0.91 

0.29 0.33 0.36 0.35 0.38 0.38 0.35 0.39 0.41 0.37 0.33 0.35 0.39 
BP3 

0.91 0.91 0.94 0.88 0.91 0.92 0.92 0-93 0.93 0.92 0.94 0.95 0.93 

Bold figures are square root transformed value 

14 15 16 17 18 19 20 

0.17 0.23 0.34 

0.81 0.85 0.91 

0.33 0.36 0.35 0.38 0.38 

0.91 0.92 0.92 0.93 0.93 

0.47 0.32 0.37 0.33 0.35 0.39 0.41 

0.98 0.90 0-93 0.91 0.92 0.94 0.95 

0.23 0.34 0.37 

0.85 0.85 0.91 

0.35 0.38 0.38 0.39 0.36 

0.93 0.93 0.93 0.94 0.92 

0.32 0.29 0.33 0.36 0.39 0.39 0.41 

0.88 0.91 0.92 0.94 0.99 0.95 o.99 

0.25 0.24 0.31 

0.86 0.86 0.90 

0.38 0.38 0.35 0.39 0.41 

0.93 0.93 0.92 0.94 0.95 

0.33 0.35 0.39 0.41 0.33 0.34 0.39 

0.91 0.92 0.94 0.95 0.91 0.91 0.94 

0.39 0.27 0.26 

0.92 0.87 0.87 

0.36 0.35 0.38 0.36 0.40 

0.92 0.92 0.93 0.92 0.94 

0.41 0.33 0.34 0.39 0.37 0.41 0.47 

0.95 0.91 0.91 0.94 0.93 0.95 0.98 



Results and Discussion 

Rao (1981) has also found that 0. oryzae is a major pest oflate planted 

rice during wet season (May-November) in Krishna-Godavari delta of Andhra 

Pradesh. Srivastava et a/. (1976) have commented that in Madhya Pradesh the 

incidence of GM continues from 36th to 43rd SMW, covering the months from 

September to October. The first peak has been found when the climatic 

parameters were about Tmax- 31°C, Tmin - 24.2°C and RH- 92.9 %. The 

conditions during the second peak were Tmax- 30.1°C, Tmin- 20°C and RH-

90.4 %. Such abiotic factor dependence partly supports the present findings. 

The present findings partly supports Katanyukul et a/. (1980) who have also 

reported from Sri Lanka that GM infestation is positively influenced by south 

west Monsoon (April-July). Israel eta/. (1961) reported earlier those coastal 

and monsoonal states of India endemic to the pest after a heavy shower 

suggesting an early transplantation of paddy. The suggestive cultivation 

protocol in the present study is to follow an early transplantation, which is also 

supported by Kudagamage et a/. (1981) who also have noted that an early 

transplantation minimizes GM attack. 

4.2.4 Paddy bug 

Population dynamics 

On kharif crop: In KPI, attack by PB initiated at 20 SMW, maintained 

up to 24 SMW, and then maximized at 30 SMW. After 32 SMW the PB 

population declined steadily. In KP2, the initial low population increased 

gradually reaching the extreme at 32 SMW after which the population 

subsumed rapidly. In KP3, PB was active throughout the growth stages; 

maximum number was noted at 36 SMW (2.1 0 individuals I hill) while 

the minimum at 22 SMW (0.92 individuals I hill) (Table.4.2. 7). 

On boro crop: In BPI, the GM incidence was started at 46 SMW, 

maintained up to 49 SMW attaining the maximum at 9 SMW, then by 16 

SMW it steadily declined. In BP2, PB number was low throughout the 

entire crop growth stages. The maximum and minimum number was 

recorded at 18 and 48 SMW respectively. In BP3, PB built up steadily 

attaining the maximum at 16 SMW. The least number was noted at 50 

SMW (Table.4.2.8). 
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Year 

2003 

2004 

2005 

2006 

Cultivation 

times 

KP1 

KP2 

KP3 

KP1 

KP2 

KP3 

KP1 

KP2 

KP3 

KP1 

KP2 

KP3 

Table.4.4.7: Incidence and relative abundance ofPB on kharifcrop of three different cultivation times 

Pest infestation in standard meteorological weeks (SMW) 

20 21 22 23 24 25 26 27 28 29 30 31 32 33 35 36 37 38 39 

0.98 121 1.54 1.53 1.72 1.88 2.23 2.44 2.83 2.76 2.61 2.55 2.43 2.12 1.90 1.78 1.75 1.56 1.43 

1.21 1.30 1.42 1.42 1.48 !.54 1.65 1.71 1.82 1.80 1.76 1.74 1.71 1.61 1.54 !.50 1.50 1.43 1.38 

0.92 0.97 123 1.28 1.71 1.54 1.73 1.88 1.91 1.97 2.12 2.01 2.08 1.91 1.45 1.12 1.07 

1.19 1.21 1.31 1.33 1.48 1.42 1.49 1.54 1.55 1.57 1.61 1.58 1.60 1.55 1.39 1.27 1.25 

1.24 1.42 1.61 1.63 1.71 1.81 1.88 1.92 2.38 2.87 3.21 3.50 2.41 2.21 2.12 

1.31 1.38 1.45 1.45 1.48 !.51 1.54 1.55 1.69 1.83 1.92 2.00 1.70 1.64 1.61 

0.97 0.98 121 1.51 1.62 1.92 2.12 2.31 2.73 2.91 2.66 2.42 2.33 221 2.02 1.82 1.83 1.64 1.57 

1.21 1.21 1.30 1.41 1.45 1.55 1.61 1.67 1.79 1.84 1.77 1.70 1.68 1.64 1.58 1.52 1.52 1.46 1.43 

0.95 0.97 1.23 1.34 1.67 1.41 1.62 1.71 1.82 1.83 1.03 1.91 1.94 1.87 1.32 1.31 1.11 

1.20 1.21 1.31 1.35 1.47 1.38 1.45 1.48 1.52 1.52 1.23 1.55 1.56 1.53 1.34 1.34 1.26 

1.42 1.51 1.62 1.71 1.81 1.93 1.91 2.40 2.71 321 3.50 2.88 221 2.34 2.25 

1.38 1.41 1.45 1.48 1.51 1.55 1.55 1.70 1.79 1.92 2.00 1.83 1.66 1.68 1.65 

1.12 131 1.56 1.66 1.76 1.77 1.91 2.21 2.60 2.81 2.71 2.51 2.44 2.20 2.12 1.90 1.80 1.71 1.61 

1.27 1.34 1.43 1.46 1.50 1.50 1.55 1.64 1.78 1.81 1.79 1.73 1.71 1.64 1.61 1.54 1.51 1.48 1.48 

0.91 0.97 1.23 1.33 1.83 1.61 1.81 2.11 2.15 2.19 221 2.16 2.00 2.17 1.51 1.23 1.15 

1.18 1.21 1.31 1.35 1.52 1.45 1.51 1.61 1.62 1.64 1.64 1.63 1.52 1.63 1.41 1.31 1.28 

1.31 1.42 1.51 1.52 1.63 1.71 1.82 1.93 2.11 2.17 2.42 2.81 3.11 3.42 2.61 

1.38 1.41 1.42 1.45 1.48 1.52 !.55 1.61 1.63 1.70 1.81 1.90 1.97 1.76 1.61 

0.95 0.98 1.21 1.43 1.54 1.78 1.82 2.11 222 2.83 2.63 2.90 2.65 2.15 2.45 2.33 2.19 1.84 1.33 

1.20 1.21 1.30 1.38 1.42 1.50 1.52 1.61 1.64 1.82 1.76 1.84 1.77 1.62 1.71 1.68 1.64 1.52 1.35 

0.92 0.95 1.11 1.21 1.41 1.54 1.74 1.85 1.13 223 2.32 2.45 1.91 1.83 1.79 1.59 1.47 

1.19 1.20 1.26 1.30 1.38 1.42 1.49 1.53 1.27 1.65 1.67 1.71 1.55 1.52 1.51 1.44 1.40 

1.21 1.31 1.54 1.63 1.76 1.78 1.82 1.91 2.14 2.11 2.25 2.43 226 2.18 1.95 

1.30 1.34 1.42 1.45 1.50 1.50 1.52 1.55 1.62 1.61 1.65 1.71 1.66 1.63 1.56 

Bold figures are square root traosformed value 

40 41 42 43 44 

1.27 

1.33 

0.98 0.97 0.95 

1.21 1.21 1.20 

2.08 1.97 1.81 1.72 1.75 

1.60 1.57 1.57 1.48 1.50 

1.38 

1.37 

0.95 0.98 0.94 

1.20 1.21 1.20 

2.19 1.88 1.78 1.56 1.54 

1.64 1.54 1.50 1.43 1.42 

1.43 

1.38 

123 1.12 0.98 

1.31 1.27 1.21 

2.11 1.90 1.82 1.54 1.44 

1.54 1.52 1.53 1.42 1.37 

1.41 

1.38 

1.28 0.98 0.92 

1.33 1.21 1.19 

1.88 1.78 1.71 1.55 2.60 1 

1.54 1.50 1.48 1.43 1.70 
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Year 

2003 

2004 

2005 

2006 

Table.4.4.8: Incidence and relative abundance ofPB on borocrop of three different cultivation times 

Cultivation Pest infestation in standard meteorological weeks (SMW) 

times 
46 47 48 49 50 Sl S2 04 OS 06 07 08 09 10 11 12 13 

BPI 0.24 0.38 0.72 0.92 1.01 1.07 1.31 120 120 1.41 1.71 1.91 2.42 2.31 2.11 222 1.90 

0.86 0.93 1.10 1.19 1.12 1.25 1.34 1.70 1.30 1.38 1.48 1.55 1.70 1.67 1.61 1.64 1.54 

BP2 0.31 0.41 0.53 0.62 0.84 0.92 0.93 0.97 0.96 1.14 126 1.42 1.71 1.53 1.55 

0.90 0.95 1.61 1.05 1.15 1.19 1.19 1.21 1.20 1.28 1.32 1.38 1.48 1.42 1.43 

BP3 0.62 0.75 0.81 1.11 121 1.30 1.32 1.51 1.61 1.64 1.69 1.75 2.11 

1.05 1.11 1.14 1.26 1.30 1.34 1.34 1.41 1.45 1.46 1.47 1.50 1.61 

BPI 029 0.41 0.77 0.96 0.97 1.03 1.08 121 127 1.32 1.37 1.39 1.42 1.49 1.51 1.57 1.63 

0.88 0.95 1.12 1.20 1.21 1.23 1.25 1.30 1.33 1.34 1.36 1.37 1.38 1.41 1.41 1.43 1.45 

BP2 0.34 0.42 0.56 0.71 0.82 0.87 0.91 0.92 0.99 1.10 1.18 121 125 1.41 1.45 

0.91 0.95 1.02 1.10 1.14 1.17 1.18 1.19 1.22 1.26 1.79 1.30 1.32 1.38 1.39 

BP3 0.59 0.71 0.79 121 223 135 1.37 !.52 1.67 1.71 1.75 1.79 2.13 

1.04 1.10 1.13 1.30 1.65 1.36 1.36 1.42 1.47 1.48 1.30 1.39 1.62 

BPI 0.32 0.39 0.81 0.93 1.12 1.16 1.32 1.14 121 1.41 1.68 1.82 2.31 224 2.12 2.15 1.81 

0.90 0.94 1.14 1.19 1.27 1.28 1.34 1.28 1.30 1.38 1.47 1.52 1.67 1.65 1.61 1.62 1.51 

BP2 0.22 0.41 0.62 0.78 0.92 0.98 1.01 1.03 1.12 121 124 129 131 1.34 1.36 

0.84 0.95 1.05 1.13 1.19 1.21 1.22 1.23 1.27 1.30 1.31 1.33 1.34 1.35 1.36 

BP3 0.71 0.82 0.89 0.93 121 127 1.31 1.39 1.41 1.47 1.51 1.62 1.71 

1.10 1.14 1.17 1.19 1.30 1.33 1.34 1.37 1.38 1.40 1.41 1.45 1.48 

BPI 0.28 0.37 0.78 0.79 0.97 0.98 0.72 0.18 021 028 0.31 0.47 0.89 1.12 121 1.38 1.41 

0.88 0.93 1.13 1.13 1.21 1.21 1.10 0.82 0.84 0.88 0.90 0.98 1.17 1.27 1.30 1.37 1.38 

BP2 0.37 0.31 0.55 0.69 0.87 0.91 0.93 0.98 1.22 129 137 1.42 1.69 1.71 1.82 

0.93 0.90 1.02 1.09 1.17 1.18 1.19 1.21 1.31 1.33 1.36 1.38 1.47 1.48 1.52 

BP3 0.69 0.71 0.89 0.92 1.13 1.17 127 131 137 1.49 1.62 1.69 2.11 

1.09 1.10 1.17 1.19 1.27 1.29 1.33 1.34 1.36 1.41 1.45 1.47 1.61 

Bold figures are square root transformed value 

14 IS 16 17 18 19 20 

1.71 1.51 1.56 

1.48 1.41 1.43 

1.67 0.97 0.93 0.97 0.91 

1.47 1.21 1.19 1.21 1.18 

2.33 221 2.71 2.13 1.61 1.52 1.41 

1.68 1.64 1.79 1.62 1.45 1.42 1.38 

1.65 1.61 1.51 

1.46 1.45 1.41 

0.78 0.92 0.69 0.62 0.61 

1.13 1.19 1.09 1.05 1.05 

2.37 228 2.74 2.15 1.67 1.58 1.52 

1.69 1.66 1.80 1.62 1.47 1.44 1.42 

1.62 1.42 1.39 

1.45 1.38 1.37 

1.41 1.28 1.12 0.98 0.77 

1.38 1.33 1.27 1.21 1.12 

1.79 1.82 1.32 2.12 1.12 0.98 0.95 

1.51 1.52 1.34 1.61 1.27 1.21 1.20 

1.42 1.47 0.98 

1.38 1.40 1.21 

1.88 2.10 2.31 222 2.37 

1.54 1.61 1.67 1.64 1.69 

2.32 2.61 2.69 2.41 2.32 1.81 1.61 

1.67 1.76 1.78 1.70 1.67 1.51 1.45 
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Table.4.4.9: Average incidence and relative abundance of four pes1S on kharif crop of three different cultivation times 

Cultivation Pest infestation in standard meteorological weeks (SMW) 
tlm" 

%0 %1 %% :zJ %4 %5 %6 %7 :zs %9 30 31 3% 33 35 36 37 38 39 40 

232 3.39 3.41 263 1.34 1.29 2.39 3.32 4.47 240 263 1.46 1.67 2.53 5.51 3.63 3.74 3.38 276 3.42 
KPl 

1.70 1.76 1.96 1.97 1.67 1.97 1.98 1.76 1.35 1.33 1.70 2.41 2.22 1.40 1.47 1.74 245 203 2.05 1.80 

1.67 239 1.45 0.74 2.23 2.54 2.59 2.98 1.63 0.60 0.72 1.46 277 1.61 1.82 2.23 1.68 1.80 
KP2 

1.47 1.71 1.39 1.11 1.64 1.74 1.75 1.86 1.45 1.04 1.10 0.97 1.80 1.45 1.5% 1.65 1.47 1.51 

246 2.72 2.76 2.83 3.80 3.41 3.61 3.65 2.68 2.84 3.52 249 3.47 3.66 3.71 4.77 
KP3 

17% 1.79 1.80 1.82 2.07 1.97 %.0% 2.03 1.78 1.82 %.00 1.7% 1.99 %.03 %.05 :Z.22 

5.41 5.19 6.71 8.28 10.29 13.44 15.91 18.97 22.28 27.01 30.13 27.83 25.40 24.37 22.33 21.39 20.12 19.54 18.33 17.91 
KP1 

:Z.43 %.54 :Z.68 2.89 3.%8 3.73 4.05 4.41 4.83 5.19 5.53 5.08 5.08 4.98 4.81 4.81 4.54 4.47 4.34 4.43 

4.69 5.52 6.50 8.85 11.01 11.70 13.29 16.58 18.47 20.20 20.89 18.56 12.57 17.75 17.24 16.48 14.71 14.88 
KP2 

2.27 2.50 %.64 :Z.95 3.34 3.49 3.71 4.13 4.35 4.54 4.61 4.36 4.34 4.%7 4.49 4.1% 3.90 3.9% 

4.32 10.31 12.09 14.21 15.43 18.84 22.04 23.08 24.45 26.68 25.17 21.91 20.70 20.11 17.81 17.60 
KP3 

3.13 3.30 3.54 3.83 3.99 4.34 4.74 4.85 4.96 5.%1 5.01 4.73 4.60 4.54 4.27 4.%5 

KP1 
0.48 0.66 0.70 0.72 0.83 0.84 1.27 1.48 1.69 1.78 1.84 1.37 2.33 2.26 1.35 1.25 1.08 0.95 0.99 0.31 

0-98 1.07 1.09 1.10 1.15 1.15 1.33 1.40 1.47 1.50 1.52 1.57 1.68 1.66 1.56 1.32 1.%5 1.%0 1.20 1.18 

0.38 0.47 0.60 0.62 0.76 0.84 0.86 0.35 0.35 1.16 1.07 1.08 1.14 1.22 l.ll 0.85 0.64 0.46 
KP2 

0.93 0.98 1.04 1.05 1.13 1.15 1.16 1.%0 1.20 1.:!8 1.%5 1.%5 1.%8 1.31 1.%6 1.16 !.06 0.97 

0.82 0.80 0.86 1.49 1.63 1.80 1.86 1.93 2.29 2.32 231 209 2.14 202 1.64 1.56 
KP3 

1.14 1.14 1.16 1.41 1.45 1.53 1.53 1.55 1.67 1.67 1.67 1.60 1.62 1.58 1.46 1.43 

1.00 1.11 1.35 1.51 1.63 1.77 1.47 225 2.57 2.80 2.62 2.57 2.42 225 2.10 1.92 1.85 1.65 1.45 1.32 
KP1 

1.22 1.27 1.37 1.42 1.46 1.52 1.58 1.66 1.75 1.82 1.77 1.75 1.72 1.65 1.61 1.56 1.54 1.47 1.40 1.36 

0.92 0.96 1.17 1.25 1.62 1.50 1.70 1.85 1.97 2.00 2.15 2.10 1.95 1.90 1.47 125 1.15 r.s8 
KP2 

1.19 1.20 1.30 1.33 1.46 1.42 1.48 1.54 1.50 1.59 1.55 1.62 1.57 1.56 1.41 1.34 1.30 1.26 

127 1.40 1.55 1.60 1.70 1.77 1.82 2.02 2.25 2.55 2.82 2.87 2.47 2.50 220 2.00 
KP3 

1.33 1.38 1.43 1.45 1.48 1.51 1.53 1.59 1.68 1.75 1.82 1.84 1.73 1.74 1.68 1.60 
- ----

Bold figures are square root transformed value 

41 4% 43 44 

240 268 

1.70 1.78 

4.44 4.94 5.16 5.59 

%.%% %.33 %.37 2.46 

12.80 11.82 

3.64 3.50 

16.36 16.59 16.57 16.80 

4.10 4.13 4.13 4.14 

0.40 0.36 

0.94 0.92 

1.44 1.32 1.24 1.13 

1.39 1.34 1.31 1.%7 

1.00 0.94 

1.22 1.20 

1.82 1.75 1.55 1.55 

1.54 1.50 1.44 1.52 
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Table.4.4.10: Average incidence and relative abundance of four pests on boro crop of three different cultivation times 

Cultivation Pest infestation in standanl meteorological weeks (SMW) 

times 
46 47 48 49 50 51 52 04 OS 06 07 08 09 10 11 12 13 14 15 

BPI 
0.70 1.62 215 2.08 0.31 0.34 1.32 210 227 1.88 1.35 1.31 1.44 !.56 1.32 233 209 !.59 1.46 

L09 1.95 L62 1.60 1.18 LlO 1.34 L61 1.66 1.54 L56 L34 1.39 1.43 1.55 1.68 1.60 1.44 1.40 

BP2 
0.73 0.63 0.55 0.72 1.90 1.49 !.59 1.68 1.06 0.75 0.90 1.26 2.15 1.20 0.90 1.12 1.45 

1.10 1.10 1.06 1.02 1.10 1.54 1.41 1.44 1.47 1.24 1.11 1.18 1.32 1.62 1.30 1.18 1.27 

1.61 1.64 1.62 1.68 1.86 2.33 1.74 1.68 1.72 1.84 1.83 1.52 1.66 1.79 1.89 BP3 
1.45 1.46 1.45 1.47 1.53 1.68 1.49 1.47 1.48 1.52 1.52 1.42 1.46 1.51 1.54 

·BPI 4.70 4.85 5.57 7.12 8.87 10.35 14.72 18.87 2D.4 21.45 23.67 21.02 21.42 19.32 18.52 17.82 17.82 16.90 16.05 

2.2:8 2.31 2.46 2.76 2.99 3.29 3.90 4.40 4.57 4.68 4.91 4.64 4.68 4.45 4.36 4.28 4.27 4.17 4.06 

BP2 4.42 4.67 5.30 5.77 8.15 8.60 12.95 15.77 17.67 17.77 12.82 13.05 11.12 11.32 9.95 235 7.25 

2.22: 2.28 2.41 2.50 2.94 3.01 3.66 4.02 4.26 4.27 3.65 3.68 3.41 3.44 3.22 2.97 2.82 

BP3 5.50 8.22 10.25 12.97 15.50 16.90 17.95 18.10 18.42 17.50 17.15 16.35 15.87 15.45 15.20 

2.44 2.95 3.28 3.67 4.00 4.17 4.29 4.31 4.35 4.24 4.20 4.11 4.04 3.99 3.96 

0.04 0.02 0.02 0.85 0.03 0.02 0.03 O.o7 0.08 
BPI 

0.09 0.13 0.05 0.13 0.15 0.18 0.82 0.24 0.26 0.27 

0.73 0.72 0.72 0.74 0.72 0.72 0.72 0.75 0.76 0.76 0.79 0.80 0.79 0.80 0.82 0.83 0.86 0.87 0.87 

BP2 
0.08 0.11 0.11 0.13 0.16 0.17 0.17 0.16 0.20 0.23 0.27 0.29 0.31 0.32 0.33 0.35 0.36 

0.76 0.78 0.78 0.79 0.81 0.81 0.81 0.82 0.83 0.85 0.87 0.88 0.90 0.90 0.91 0.92 0.92 

BP3 
0.26 0.30 0.32 0.33 0.35 0.32 0.33 0.36 0.35 0.35 0.36 0.38 0.39 0.38 0.32 

0.87 0.89 0.90 8.91 0.92 0.90 0.91 0.92 0.92 0.92 0.92 0.93 0.94 0.93 0.90 

BPI 
0.28 0.38 0.77 0.91 1.01 1.06 0.95 0.93 0.97 1.10 1.26 1.39 1.75 1.78 1.73 1.82 1.68 1.59 1.50 

0.88 0.93 1.12 1.18 1.22 1.24 1.26 1.19 1.21 1.26 1.32 1.37 1.50 1.51 1.49 1.52 1.47 1.44 1.41 

0.31 0.43 0.56 0.70 0.86 0.92 0.94 0.97 1.07 1.17 1.24 1.33 1.48 1.49 1.53 1.41 126 
BP2 

0.90 0.93 1.02 1.09 1.16 1.19 1.20 1.21 1.25 1.29 1.32 1.35 1.41 1.41 1.42 1.38 1.61 

0.65 
BP3 

0.74 0.84 1.04 1.44 127 1.31 1.43 1.51 1.57 1.64 1.71 2.01 2.19 2.22 

1.07 1.11 1.15 1.24 1.39 1.33 1.34 1.38 1.41 1.43 1.46 1.48 1.58 1.64 1.65 

Bold figures are square root transformed value 

16 17 18 19 20 

1.24 

1.31 

!.56 1.81 1.57 

1.39 1.43 1.51 

2.06 226 261 203 2.39 

1.60 1.66 1.76 1.59 1.70 

12.93 

3.67 

5.82 5.75 5.17 

2.51 2.50 2.38 

14.72 13.37 12.75 11.75 10.82 

3.90 3.72 3.64 3.50 3.36 

0.32 

0.90 

0.36 0.35 0.20 

0.92 0.92 0.83 

0.35 0.37 0.36 0.38 0.42 

0.92 0.94 0.92 0.93 0.95 

1.34 

1.36 

127 1.19 2.66 

1.32 1.30 1.36 

2.51 2.19 1.68 1.46 1.37 

1.69 1.64 1.47 1.40 1.36 



Results and Discussion 

Interaction with crop phenology: Infestation of PB mainly occurs at panicle 

initiation stage. KP1 crop records significantly higher mean population (1.29 

individuals I hill) followed closely by KP3 (1.63 individuals I hill) However 

KP2 crop supports a lower number of PB with and average 1.1 0 individuals I 

hill. 

Multi location trials at three blocks have shown that ripening stages 

support comparatively higher number of PB. Larger bold grain size of Swarna 

Mashuri provides enough opportunity for PB to get ample diet by single 

sucking. KP3 and BP3 allow the PB to interact positively with the milky stage 

of the growing panicles rendering high range of damage. 

Asynchronization of the interactive growth stages of paddy with PB 

attack can effectively be done by an early transplantation (Saroja et a/. 1985, 

Atwal 1993). In southern parts of West Bengal, Banerjee et a/. (1965) has 

recommended for an early transplantation, because the active period of PB is 

between May to November. Srivastava and Saxena (1964) have observed that in 

Uttar Pradesh early rains in May-June encourages prolific weed growth which is 

conducive for PB multiplication. 

4.2.5 Quantitative relative yield of paddy in reference to different time of 

plantation: Mean value of four consecutive years in relation to the SMW 

showed that the abundance of all the pests were least under KP2 and BP2 

(Tables.4.2.9 and 4.2.10). As the collective average value of the pest differs 

considerably, variation has also been noted regarding the quantum of yield for 

three different cultivation protocols. The total yield loss is contributed by a pest 

complex rather than by a single pest. During kharif season the maximum yield 

(29.67 q I ha) was achieved under KP2 while in boro season, BP2 registered the 

highest yield (34.89 q I ha) (Tables.4.2.11 and 4.2.12). 
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Table.4.2.11: Relative average abundance of different pests (individuals I hill) 

in relation to the different times of kharif cultivation 

Time of Relative abundance of the pests Yield 
cultivation 

YSB BPH GM PB q lha 

KPI 2.98±0.16 18.01±0.98 1.29±0.56 1.29±0.34 26.12 

KP2 1.99±0.09 14.11±0.33 0.79±0.11 0.79±0.11 29.67 

KP3 3.77±0.61 18.26±0.12 1.69±0.51 1.63±0.67 25.79 

Table.4.2.12: Relative abundance of different pests (individuals I hill) m 

relation to the different times of bora cultivation 

Time of Relative abundance of the pests Yield 
cultivation YSB BPH GM PB qlha 

BPI 1.63±0.88 15.10±0.98 0.12±0.09 1.22±0.11 31.18 

BP2 1.25±0.48 9.60±0.21 0.25±0.07 1.10±0.09 34.89 

BP3 2.01±0.23 14.25±0.33 0.34±0.07 1.53±0.07 32.49 

Asynchronous plantation when the pests are least abundant can maximize 

the yield. Plantation for early time at about 22 SMW during kharif season 

and 48 SMW during boro season scored least pest activity. Initiation of 

cultivation before and after this time scale was found non economic and 

thus can be avoided. Less favourable climatic conditions at early plantation 

restricted grain generation. At late plantation high pest activity renders 

maximum loss. 
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4.3 Analysis of the Prevailing Cultivation Practices 

4.3.1 Nature of cropping practices 

4.3.1.1 Cropping time: Paddy is cultivated throughout the year in three 

consecutive periods of cultivation- prekharif, kharij and bora seasons. The 

adoption of high yielding varieties got its prominence over the local ones. In all 

the villages under experimentation; cultivation of kharif (Aman) was more 

prevalent. Restricted cultivation in pre kharif (Aus) season was due to the 

unavailability of required water and improper conditions for water stress 

management. However bora cultivation gained the momentum in the recent 

years (Fig.4.3.3). 

4.3.1.2 Nature of rice varieties: Farmer of all the blocks relied mostly on High 

Yielding Varieties (HYV' s ), but their choice was restricted only to 3 to 4 

varieties. Adoption of local varieties was mainly limited to winter season. 

During the selection of the varieties, the pest performance of the locality was 

given least attention. While selecting a variety, its production, productivity and 

the maturation time were regarded as the prime consideration. 

4.3.1.3 Source of seed: Majority of the farmers relied on the seeds available 

from the local markets (63%), a few trusted on the previous stocks maintained 

at home (22%) and very few purchased seed from the registered shop (9%). For 

this reason gradual decrease in the hybrid vigour was noted (District 

Agricultural Hand Book 2000, Uttar Dinajpur). Very few farmers showed their 

confidence on the pure line maintained and propagated at the regional block 

agricultural farms (2% ). 

4.3.1.4 Nature of seed: Less than 5% farmer relied on certified seed and only 

4% trusted on registered seed. However, seeds of local varieties were mainly 

stored by the farmers at home. 

4.3.1.5 Seed rate: Inconsistency was noted regarding the seed rate. Depending 

on the availability and the pattern of the cultivating land, farmers common! y 

used 20-60 kg seeds for one hectare land. 
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4.3.1.6 Seed treatment: 22-25 kg seeds were generally wetted for 6-11 hours in 

15 liter water containing pesticide formulation of methoxy ethyl murcuric 

chloride. 

4.3.1.7 Seed sorting: Seeds with poor germination quality were sorted out 

depending on the concentration gradient of salt water. Those seeds floated on 

surface of the water with low gravity were discarded. 

4.3.1.8 Germination procedure: Seeds were wetted overnight and then spread 

over the moist jute matrix of 2.5 em thickness and allowed for 32-48 hours for 

germination. 

4.3.1.9 Seed bed preparation: On most of the occasions, seed bed preparation 

was not in accordance to the size of the mainland. Farmers' usually prepared 

750-1225 mt2 seed bed for one hectare land. The dimension of the adopted seed 

bed was variable and ranged between 18-26 ft.(length) x and 3-9 ft.(breath). 

Seed beds with 'internal alley' were rarely adopted by the farmers of all the 

three blocks. Arrangement for water stress management was given least 

attention. 

Table.4.3.1: The recommended protocols prevailing in three blocks and 

percentage of the farmers responded to this 

Nutrient management 
Farmers (%) responded in 

Nature of Time of application the three blocks 

nutrients During 5-10 days 5-15 days 
applied seed bed before after 
(Kg/1000 preparation sowmg sowmg Raiganj Hemtabad !lahar 
mtx mt) (DBS) (DAT) 

Cow dung/ 1200-2000 RN RN 15 19 21 compost 
Inorganic N 2.5-5.0 0.00-3.00 0.00-3.00 27 41 32 
Phosphate 2.5-5.0 0.00-3.00 0.50-4.50 18 12 37 
Potassium 2.5-5.0 RN RN 17 13 24 

RN- Recommended none 

4.3.1.10 Seed bed nutrient management: Adoptability of the suggested 

nutrient management protocols given by the District Agricultural office was 
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tested on 200 farmers in consideration of the practices commonly followed by 

them. The result given in the table.4.3.1 which indicated that overall 50-55% 

trusted on the recommended protocols with befitting modifications while the 

remaining showed no specific pattern of nutrient management. 

4.3.1.11 Water stress and weed management: No specific seed bed 

management practice was followed. Water stress management and weeding 

practices were partially adopted. Alley irrigation was not strictly maintained. 

Both the water and the weed stress management were countered mainly by the 

necessity rather than the scheduled protocols. 

4.3.1.12 Pesticide application: Both solid and liquid formulations of pesticides 

were frequently applied to avoid pest infestations. No major discrepancy was 

noted regarding the pattern of adoption of the pesticides by the farmers in all the 

blocks. Applications recommended by the local Block Agricultural Farms were 

often disregarded. On an average 80-90% farmers apply pesticides at random. 

Table.4.3.2: Some mostly used insecticides and their relative adoption by the 

farmers in the three blocks 

Proportion of farmers 
Formulat Name of the Applied dose adopted this practice %) 
ion insecticide (1000 mt 2

) Raiganj Hemtabad Itabar 

Solid/dust 
Carbofuran(3G) 2.5-5kg 22 16 12 
Phorate(l OG) 1000-1500 gm 18 25 24 
Phosphamidon (85%) 2.5-4 ml/liter 22 26 39 

Liquid Monocrotophos(36%) 0.50-1.5 37 31 11 ml/liter 

4.3.1.13 Age of seedlings at transplantation: The age of the transplanted 

seedlings differed considerably among the farmers depending on the season. At 

kharif crop farmers' generally transplanted 35-45 days old seedlings. While in 

boro season, 15-25 days old seedlings were retained through out the winter 

season in the seed bed for 60-75 days until the advent of the favourable climatic 

conditions. 

4.3.1.14 Number of seedlings/ hill: Normally 2-3 seedlings/hill were 

considered for bora crop. Some farmers found it more economic with higher 
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seedling numbers especially in the Raiganj block which was known as BPH and 

GM prone areas. During the selection of the seedlings very little attention was 

paid to the quality of the seedlings. Leaf number, leaf and the root conditions 

were not properly maintained. Trimming of the terminal part of the leaves of 

the seedling, necessarily to avoid the subsequent occurrence of stem borer 

incidence was nearly conspicuous. 

4.3.1.15 Hill number and hill distances: No specific hill distance was 

followed. However 15x15, 15x20, 10x15 and 15x20 em distances were 

maintained depending on the variety. To stabilize the yield, more seedlings per 

hill were adopted by the farmers when delayed plantation was followed. 

4.3.1.16 Main land treatment: Summer plowing was not strictly followed as 

only 10-13% farmers followed the procedure within 1-2 weeks after harvesting 

the previous crop. For majority of the farmers the time was generally extended 

up to 6-8 weeks. Only 4-6% farmers who cultivate paddy in one season 

permitted the fields unplowed (Table.4.3.3). Intensive plowing with the help of 

mechanical assistance was comparatively increased (59%) among the farmers 

than bullock plowing (36%). Farmers were found to prefer different plowing 

and harrowing combinations rather than simply plowing as shown in the 

(Table.4.3 .4). 

Table.4.3.3: Time span in between two consecutive crops when the lands are 

left to open air either after inadequate plowing or unplowed 

% offarmers adopted 
Weeks after crop harvesting 

Unplowed 
1-2 3-5 6-8 8-10 

Raiganj 10 39 42 03 06 
Hemtabad 14 27 45 10 04 
Itahar 13 27 49 06 05 

4.3.1.17 Water stress management after transplantation: Poor attention was 

given to the water stress management. Growth stage specific management of the 

water level was followed only by 19% farmers. Variability of preference was 

noted regarding the maintenance of the standing water during vegetative stage. 
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Table.4.3.4: Pattern of initial land preparation techniques commonly followed 

by the farmers before transplantation 

Land preparation techniques 

Blocks 
2PI lP 2P lP+ 2P+ Not lP 2P 

+lH +lH +lH lH+lR lH+lR specified 
Raiganj 12 24 13 07 05 04 03 32 
Hemtabad 14 27 10 09 04 03 03 30 
Itahar 11 22 17 09 07 05 05 24 

P- plowing, H- harrowing, R-roto-tilling; 1- once, 2- twice 

.4.3.1.18 Nutrient management: Without the proper detection of the actual 

requirements, application of NPK fertilizer rather than simply application of N 

as the nutrient source was more profound among the farmers (72%). Dose 

combinations were mainly selected depending on the paddy variety. Variety

dependent alternation of the NPK application was noted among farmers. 

Application of inorganic N fertilizer was given priority while the 

adoption of organic fertilizer was followed by few farmers (2-13%) 

(Table.4.3.5). 69-74% followed the split application procedure. Farmers 

differed considerably in their view regarding the applied split combinations 

(Table.4.3 .6). Split proportions were generally selected depending on the 

variety and particularly the standing growth stages of paddy. Majority of the 

farmers (69-74%) relied on the double splits while a few (1-4%) trusted on the· 

triple split (Table.4.3.7). Nature of split proportions and their relative pattern of 

adoption in relation to the growth stages of paddy are given in the table 4.3.8. 

Table.4.3.5: Proportional use of inorganic and organic sources of N fertilizers 

by the farmers in the three blocks 

Blocks 
Sources of N fertilizer (%) 

Inorganic Organic Inorganic + OJ"g_anic 
Raiganj 61 13 26 
Hemtabad 69 02 29 
ltahar 72 03 25 
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Table.4.3.6: Paddy variety dependent NPK input commonly practised by the 

farmers 

Duration of the Quantity (kg I ha) 
paddy varieties Nitrogen Phosphate Potash 

Short duration 80-110 30-60 40-50 

Medium duration 90-150 40-70 45-60 

High duration 100-180 45-70 45-65 

Table.4.3. 7: Split proportion of fertilizer and their adoption by the farmers (%) 

in the three blocks 

Pattern of Percentage of farmers follow split application 
application Raiganj Hemtabad Itahar 

No split 27 22 25 

Double 69 72 74 

Triple 04 06 OJ 

Table.4.3.8: Patterns of split quantities and the nature of their growth stage 

dependent application among the farmers in the three Blocks 

Farmers followed the 
Split combinations and growth stages of operation(%) 
paddy 

Raiganj Hemtabad Itahar 

50% basal+50% maximum tillering stage 15 22 30 

50% basal +50% early flowering stage 17 19 13 

60% basal+ 40% maximum tillering stage 19 14 25 

Other alternative combinations 49 45 32 

4.3.1.19 Weeding operation: No specific time schedule was followed 

regarding weeding operations. Weeding for two times was common, but 

inconsistency was noted regarding the time specificity. However, weeding 

practices at 30 and 60 DAT (days after transplantation) were comparatively 

higher among the farmers (Table.4.3.9). 
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Table.4.3.9: Timings of weeding and their practice among the farmers (%) in 

three Blocks 

Time of adoption of weeding Percentage of farmers (%) 
operation(s) (DAT) Raiganj Hemtabad Itahar 
21 and 45 26 34 30 
35 16 22 27 
30 and 60 45 41 40 
Not specific 13 03 03 

4.3.1.20 Pesticide treatments: differences existed regarding the nature and 

dose of insecticides applied in the three blocks. Carbofuran and phorate were 

mostly used. Malathion was the least selected pesticide. However, variability 

was noted regarding dose of application (Table.4.3.10). 

Table.4.3.10: Insecticides and their pattern of use by the farmers in the three 

blocks 

Trade Generic name Dose applied Percentage of farmers use 
name 

Raiganj Hemtabad Itahar 

Thymade, Phorate-1 OG 7-9kg/ acre 20 22 27 
Phoradox 
Furadon-3 Carbofuran-3G 13-16kg /acre 29 26 22 
Dimecron Phosphomidon 1-5 ml I ltr 05 07 04 

85% 
Coroban, Chloropyriphos 3-7gm !ltr 

03 06 05 
Dasbarn 
Ekalax Endosulfan 1.5-4.5 ml !ltr 09 12 07 
Enclose! Methyl parathion 2- 5ml /ltr 03 02 04 
Metasid-50 Monocrotophos l-3ml !ltr 12 09 15 
Nuvacron Malathion l-3ml /ltr 07 07 09 
Others 12 09 07 

Table. 4.3.11: Frequency of application of insecticides in the three blocks 

Percentage of farmers practise 
Blocks 

Once Twice Thrice 
Not 

specific 
Raiganj 10 36 47 07 
Hemtabad 08 29 59 04 
ltahar 11 24 61 04 
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o At maturity 

• 5 days or less 
before maturity 

o 6-14 days 
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before maturity 

o 7 days or less 
after maturity 

o 8-15 days after 
maturity 

• 16 days or more 
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0 Insect control 
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boro crop 

Fig. 4.3.1: Pie chart showing the proportion of expenditure of farmers 
of the three blocks in relation to the seasons (a-f) and the average date 
ofharvest (g and h). 
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Fig. 4.3.3: Stretches ofland showing the cultivation of paddy of different 
growth stages (a-d). 
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4.3.1.21 Times of pesticide application: Majority of the farmers (47-61%) 

applied pesticides three times. Time specific application was generally 

underscored. During application poor attention was given to the standing 

growth stages of paddy and the pest status of the fields. Choice was mainly 

guided by market availability (72%) and the price (18% ). Dose dependent 

application at specific time intervals was followed by very few farmers (4%) 

(Table. 4.3.11). 

4.3.2 Proportional field management expenditure: The expenditure differed 

considerably in relation to the seasons. Expenditure of 100 farmers from each 

block was assessed and was plotted as pie diagrams. 

During kharif season: Farmers of Raiganj and Itahar block spend more 

in fertilizer. Insect control application was given second preference in both 

the blocks. Least attention was paid to weeding operations except in 

Hemtabad where it was give priority (Figs.4.3.1a, band c). 

During boro season: Insect pest control was given the first priority in 

Raiganj and Itahar while in Hemtabad more focus was given to fertilizer 

application. Least expenditure was incurred on weed control and 

Hemtabad and Itahar ranked nearly same in terms of percentage of 

expenditure (Figs.4 .3 .1 d, e and f). 

4.3.3 Date of harvest: During kharif season variable dates of harvest was 

observed. About 5 and 37% farmers harvested crop before and after maturity 

respectively. About 58% harvested the crop at maturity. About 2% of the 

farmers preferred to procure the crop 5 days before the scheduled date of 

harvesting but only about 22% preferred 16 days before the suggested date. 

After crop maturity, grains were collected by 7 days by about 22% farmers, 8-

15 days by about 13% and 16 days by about 2% respectively (Fig.4.3.1g). 

During bora season about 4% of the farmers preferred to procure the 

crop 5 days or less before the scheduled date of harvesting but only about 3% 

preferred 16 days before the suggested date. After crop maturity, grains were 

collected by 7 days or less by about 20% farmers, 8-15 days by about 19% and 

16 days or more by about 4% farmers (Fig.4.3.1h). 
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4.3.4 Yield generation: Yield was comparatively higher during boro season 

than kharif. In both the seasons' maximum yield was obtained in Raiganj block 

while the least in Itahar block. In Hemtatabad block, the yield was intermediate 

between the two. Pedological variation together with the differences in the pest 

complexity was responsible for the variation of the yield in the three blocks 

(Fig.4.3.2a and 4.3.2b). Reduced yield is due to the inconsistent cultivation 

strategy which encompasses uneven hill distances, asynchronous plantation and 

improper nutritional management. 

·Discussion: Assessment on the proportional expenditure of cultivation 

practices was required for safer crop production. Application of high dosage of 

fertilizer may catapult the yield increase but renders alteration of microclimatic 

environment that induces pest survival and multiplication. However, in all the 

cases there was substantial increase in yield in dry season than in wet season. 

Time of harvesting was crucial to suppress the multiplication and 

subsequent carry over of the pest population to the next generation. Suggestion 

of the by Directorate of Agriculture, Government of West Bengal for early 

harvesting when 80% of the crop matured was hardly followed except for only 

2% farmers. 

In West Bengal, the respective value of pesticide treatment in 

consideration of per 1000 distribution is 616 and 541 during khari.f and boro 

season respectively which is far above the national level (National sample 

survey organization, Department of statistics and Programme Implementation. 

Govt. ofindia.1999.report no.451.54/31/3). Time of transplantation and cultural 

practices differ considerably throughout the state. In the southern districts of 

West Bengal especially in Birbhum and Bankura summer plowing has been 

followed by 60 and 40 % farmers respectively. Both transplantation and direct 

seeding practice has been practiced in Bankura while only seedling 

transplantation gained the priority in Birbhum. Cropping intensity is medium 

and low in Birbhum and Bakura respectively. However, proportional 

application of organic and inorganic fertilizers was noted in both the districts. 

BPH, GLH, SBs are the major insect pest in both the districts. While the weeds 
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Cyperns iria and Cynodon are the prime alternative hosts. Insect control gains 

the priority at both the places. However in the northern parts of Bengal 

especially in Jalpaiguri frequency of all the paddy pests is low. 

Cultivation practices observed among the farmers were grossly 

irregular and inconsistent. Least attention was given to the IPM practices. 

Poor management skills generated less production. Knowledge, attitude 

and perception of the farmers to the improved management skills were 

underscored. 
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4.4 Paddy Growth Stage Related Judicious and Minimum Input 

of Pesticides 

In order to determine the proper growth stages of paddy at which the 

chemical protection should be taken, experiments were carried out with four 

commonly used pesticides in different schedules of variable combinations 

(Table.3.8.1 in materials and methods). So that a particular combination will be 

most efficacious against one or more pests at a particular growth stage. 

Selection of pesticide was done in due consideration of spectrum toxicity and 

targeted to a particular pest as recommended by the manufacturers. 

Efficacy ofpesticide(s) was assessed after evaluating both the field pests 

status and their respective damaging profile. YSB and GM were counted by 

quadrate (0.5x0.5 mt) while BPH, PB and natural enemies were recorded by hill 

estimation. Both intra and inter stage comparison in relation to the growth 

stages were drawn. As the two extreme stages, all stage protection (ASP) and no 

stage protection (NSP) had no combinational stages, comparison with these 

stages was made in consideration of the rest of the growth stages. 

4.4.1 Numerical occurrence of pests and consequent extent of damage 

4.4.1.1. In case of yellow stem borer (YSB) infestation 

Numerical abundance 

Single stage protection (SSP): From quadrate estimation it was revealed that 

there was no major difference ofYSB population in all the stages of SSP except 

in case of seed bed protection where a high incidence of pest abundance was 

observed after pesticide application (Fig.4.4.la). 

Double stage protection (DSP): No significant differences in pest status were 

noted except in case ofDSP(6) out of six DSP combinations. A lowest count of 

4.52 individuals I quadrate was recorded in case of DSP(6) while the highest 

incidence of 5.42 individuals/quadrate was noted in case ofDSP(3) (Fig.4.4.1 b). 

Triple stage protection (TSP): The incidence of YSB did not differ between 

TSP(l) and TSP(3), the other two differed significantly between them as well as 

with TSP(l) and TSP (3) (Fig.4.4.lc). 
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All stage protection (ASP): Least number ofYSB was noted. 

No stage protection (NSP): The incidence of YSB was maximum with 7.4 

individuals I quadrate. 

Extent of damage in different protection protocols 

Single stage protection (SSP) 

Dead heart (DH): A high profile ofDH of5.70/quadrate were recorded in 

case of SSP(4) protection though the field pest number was low (6.21 

individuals I quadrate). The lowest level ofDH of 4.4 I quadrate in case of 

SSP(2) though the number ofYSB was 6.24 I quadrate(Fig.4.4.Id). 

White head (WH): WH increased when SSP(1) protection was adopted. 

But the infestation was least in case of SSP(3). The observable pest status 

of SSP(2) and SSP(4) was of intermediate status recording 3.48 and 3.58 

DH I quadrate respectively (Fig.4.4.1e). 

Double stage protection (DSP) 

Dead heart (DH): Comparatively high magnitude of DH was noted in 

case of DSP( 6) while the least was counted in DSP(2). The field values of 

DSP(1 ), DSP( 4) and DSP(5) were of intermediate nature (Fig.4.4.1t). 

White head (WH): The quantum ofWH was highest in DSP(6). Out of all 

the stages, DSP(1 ), DSP(2) and DSP(3) did riot differ significantly with 

regard to WH incidence. DSP(4) and DSP(5) ranked second and third 

respectively (Fig.4.4.1g). 

Triple stage protection (TSP) 

Dead heart (DH): TSP ( 4) and TSP (3) did not differ significantly in 

extent of damage. In TSP(1) the number of DH was lowest. DH was 

significantly higher in case ofTSP (2) than TSP (1) protection(Fig.4.4.1h). 

White head (WH): The highest level ofWH was scored in TSP (4) while 

the least was observed in TSP (1) (Fig.4.4.1i). 

All stage protection (ASP): Least number ofDH and WH was noted. 

No stage protection NSP): The incidence ofDH and WH was maximum with 

7.16 and 3.18 symptoms/quadrate respectively (Fig 4.4.lj). 

154 



YSB adult y=-0.353Lm+7.43, R'=0.6702 
.... [ r ror - 0. 1 ~09, S.F.J)iff - 0.1993, ( 0(95° o)-0.43~ I 

0 8 ~-r---~~--~--~---=~ ~ 6 . - ._____j .. 
" CT 

- 4 -
-.; 
" :s! 2 . 
> 
~ -= 0 ~.L___J_~_L_.l__ _ _L__J__ _ __L_l____, 

SSP(1 ) SSP(3) SSP(2) SSP(4) 

YSB adult y=-0.1255Ln(x)+3.9877, R'=0.7489 
S.Error - 0.0085, S.E.Diff - 0.0120, C D(95%)-0.026 1 

B 4.1 ' 

~4 0 " ITnn=o CTl9 • 

i l81 
~ l7 j 
-= ls --~----------------L--~_L-~-~-~_J-

TSP(3) TSP(1) TSP(4) TSP(2) 

White head y=-0.152Ln(x)+3.6383, R'=3.6383 
S.Error - 0.0029, S.E.Diff - 0.0042, C D(95°o)-0.0091 

¥3.7 D 
] 3.6 1 1111---r 
~~: ; wUI Il 
C/) 3.2 -.L____J_~_j____.J~,.......-'--.J_-_J___J__ 

SSP(1) SSP(2) SSP(4) SSP(3) 

White head y=-0.02464Ln(x)+3.7569, R'=0.929 
S.Error - 0.0120, S.E.Diff - 0.0170, CD(95%)-0.0335 

B 4 
~ 3B j D 
~36 j ltrrnn 
"' 341 
~ 3~ ~~ l=_j_n·.L.., ~ 3 • ~ . 
C/) 

OSP(6) OSP(5) DSP(4) DSP(1) DSP(3) DSP(2) 

White head y=-0.4083Ln(x)+3.2819, R'=0.9532 
S.Error - 0.0037, S.E.Diff - 0.0053, CD(95° 'o)-0.0 II 5 

0 3.5 
e 3 
"' ~ 2 5 
:: 2 
~ 1.5 
§ 1 
0. 

~ 0 5 
C/) 0 

1 

• 
' 
j 
1 
j 

---- D 

TSP(4) TSP(3) TSP(2) TSP(1) 

YSB adult ~=-0.3672Ln(x)+5.546, R'=0.6669 

6
'>.Error - 0.0029, .... f .. 0 1ff - 0 .00~2. ( D(9S"o)-0.01191 

EII . II~TIU D 
DSP(3) DSP(1 ) DSP(4) DSP(2) DSP(5) DSP(6) 

Dead heart y=-0.6809Ln(x)+S.316, R'=0.9177 
S.Error - 0.0020, S.E. Diff- 0.0029, CD(95°o)-0.0062 

6 

~ s j 
~ 4 1 

.!'! 31 
~ 2 ' 

t 1 1 
C/) 0 • 

Dead heart y=-1.0624Ln(x)+S.4466, R'=0.867 
S.Error- 0.0 120. S.E.Diff- 0.0170, CD(95°1o)-0.0335 

Dead heart y=-0.5987Ln(x)+4.0632, R'=0.8075 
S.f r ror - 0.0053, S.E.Diff - 0.0075, CD(95°1o)-O.OI M 
5 

~4 1 D 
~ 3 

~ 21 
E 

%1 1 
E 
~ 0 

Fig. 4.4.1: Numerical occurrence ofYSB and consequent DH and WH in 
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Discussion: In view of the protection schedules, all the growth stages except the 

seed bed stage are vulnerable to the YSB attack. Early infestation at vegetative 

stage causes DH and the late infestation at reproductive stage and early ripening 

stage results WH. Early arrival of the pest in the total absence of pesticidal 

protection from seed bed to reproductive stage results in the two successive 

generations of YSB in the same field. The long duration of 140 days of Swarna 

Masuri (MTU 7029) can easily support two broods, the first brood completes 

the life cycle at about the end of vegetative stage and the next brood emerges at 

the starting of ripening stage. The dimension and the extent of the damage to the 

plant and its relative consequences of yield loss depend on the specific stage of 

YSB life cycle occurring in the field and the respective growth stages of paddy. 

As the growth stages of paddy progress, the early arrival indulges to 

generate high population with two consecutive broods of YSB moth at late 

reproductive stage. SSP(2) and SSP(3) application if implemented separately, 

the pest population is reduced. As a result, the average pest incidences after 

these two categories of protection remain below the ETL. The high magnitude 

of DH in case of SSP( 4) with relatively low level of pest has been due to the 

consequence of successful boring of tillers by the early brood of YSB larvae 

ensuring their high survival value. The SSP(!) renders the crop a partial 

protection at vegetative stage as the effect of the pesticide is continued to the 

early vegetative stage only. SSP(2) and SSP(3) impart instantaneous effect on 

early larval brood, causing their death and hence, minimize DH. 

SSP(!) has provided no protection to the reproductive growth stage, so 

the crop is vulnerable to a cumulative attack of two subsequent broods of YSB, 

so the extent of WH has increased significantly. SSP(2) can protect the plants 

from the larvae of first generation directly, therefore, can restrict the magnitude 

of the second generation so the cumulative damage by the pest can be impeded. 

A steady significant level of decrease of WH has been observed at SSP(3) in 

comparison to the SSP( I). Such a decrease may be due to the deposition of 

excess silica in plants that imposes a stress on the larvae. In addition, the 
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SSP (3) causes direct mortality to the second larval brood and also drive away 

the adult. 

Analogous to the SSP(4), highest level ofDH has been observed in case 

of DSP( 6) with a low pest population size since the unprotected vegetative and 

the reproductive stages are accessible to YSB larvae. Least damage has been 

noticed in case of DSP(2) with moderate pest level in the fields. Least 

population in case of DSP( 6) has accounted highest level of WH probably due 

to the successful attack by the second generation larvae to the tillers of both late 

vegetative stage and early reproductive stages. In spite of highest population of 

YSB at DSP(3), the number of WH has been significantly low, as both 

reproductive and ripening stages have received direct protection and thus 

prevented larval attack. 

TSP(3) and TSP( 4) do not differ significantly and the level of DH 

remains below ETL. TSP(3) at the seed bed stage renders no effective security 

to the vegetative growth stage which is vulnerable to YSB attack, hence results 

in extensive damage. Pesticide free vegetative stage of nearly 45-60 days can 

support the YSB and the first larval brood generation is encouraged. At TSP ( 4) 

the cumulative effect of the applied doses of pesticide at the seed bed and 

vegetative stage remains low in the reproductive stage as the applied quantity of 

the lethal doses of pesticides can hardly protect the subsequent foliage growth. 

So, the tillers are prone to the larval attack. Consequently, the apparently 

moderate field level of YSB can induce a significant level of WH. TSP(2) 

lowers the pest at lowest number hence a low count of WH is obtained. The 

Lowest number of WH has been observed in case TSP(l) although the field 

population remains high. 

Observable field population of YSB and the recorded symptoms of DH 

and WH are not in parity in all the protection stages. Frequencies of the 

observable symptoms are not always in accordance with the intensity of the 

field pest level as the field with low pest intensity can induce higher range of 

damage and vice versa. Discrepancies relating to the generated value of the 

damaging symptoms arise due to the relative change in the physiology structural 
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conditions of the paddy plant at different growth stages to combat or recover the 

distresses. 

4.4.1.2 In case of brown plant hopper (BPH) 

Numerical occurrence 

Single stage protection (SSP): Hill estimation revealed that the pest population 

recorded from different SSP protocols differed significantly. The highest level 

ofBPH was observed in SSP(!) with 13.82 individuals I hill while the least was 

recorded at SSP(4) with a count of 12.29 (Fig.4.4.2a). 

Double stage protection (DSP): Significant level of difference with high range 

of population was estimated in DSP(1) with an average value 9.69 and the least 

was noted at DSP(2) with 7.59. DSP(4) and DSP(6) showed no significant level 

of difference. Similarity DSP(6) and DSP(5), DSP(5) and DSP(3) evicted no 

significant level of difference when the different protection pairs were 

considered separately (Fig.4.4.2b ). 

Triple stage protection (TSP): The pest status showed significant level of 

differences among all the TSP's. In case of TSP(1) highest pest number was 

recorded while the least number occurred at TSP(4). TSP(3) and TSP(2) ranked 

second and third respectively (Fig.4.4.2c). 

All stage protection (ASP): Least number of BPH was noted under such 

practice. 

No stage protection (NSP): The incidence ofBPH was maximum with 14.41 

individuals I hill. 

Extent of damage in different protection protocols 

Single stage protection (SSP): High profile of damaged flag leaf area (DAL%) 

was recorded at SSP(!) due to the persistent high level of pest. The lowest level 

of DAL% was observed in SSP(2) in spite of the fact that the pest level of the 

field remained comparatively high than in case of other protection strategies 

such as SSP(3) and SSP( 4). Although least pest performance was recorded at 

SSP(4), in terms of damage it ranked third after SSP(1) (Fig.4.4.2d). 
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Double stage protection (DSP): High level ofDAL% was observed in DSP (6) 

though the number of pest individuals was moderate. The least level of DAL 

(%)was recorded at DSP(2) with lowest pest incidence. DSP(S) and DSP(3) did 

not differ significantly in regard to damage. Significant difference of DAL(%) 

was observed in between (DSP(4) and DSP(6)) and (DSP(S) and DSP(6)). 

Nevertheless in both the cases pest status of the field did not vary significantly 

(Fig.4.4.2e). 

Triple stage protection (TSP): TSP(1),TSP(2) and TSP(4) protections differed 

insignificantly in respect of damage and the extent of damage was highest in 

case ofTSP(3) with the value 20.1% DAL (Fig.4.4.2f). 

All stage protection (ASP): The damage was minimum with 10.14% DAL. 

No stage protection (NSP): Maximum range of damage was registered. 

Discussion: Assessment on the flag leaf area damage (DAL%) forecasts the 

level of pest occurrence and the probability of yield loss by the hopper species. 

The damage is mainly contributed by the direct feeding activity of the nymphs 

and adults to the vascular tissue of growing leaves which eventually manifest to 

the formation of' hopper bum'. 

The extent of damage to the paddy plant depends mainly on the standing 

growth stages of paddy, the available population status and the interactive 

stages of the life cycle occurring in the field. Prevailing abiotic conditions, 

adopted agronomic practices and stage specific application of pesticides are 

found to dictate the range of damage. 

In the variety Swarna Mashuri, no single stage protection appears to be 

suitable to check the BPH population below ETL. The high magnitude ofBPH 

at SSP( 1) has been due to the rapid colonization of the macropterous forms and 

their subsequent growth and multiplication which render the generation of a 

larger population. In case of S SP(l ), absence of pesticide protection in three 

consecutive growth stages after seed bed allows the pest to colonize rapidly 

without any hindrance. Seed bed treatment thus is found ineffective in 

providing the proper protective function at early vegetative stage and after 

wards. 
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As asynchronous cultivation with small land sizes are mainly practiced 

by the farmers, colonization occurs mainly in two ways, long winged 

macropterous forms migrate from the adjacent fields where the growth of paddy 

is at advanced stages. And secondly, by the emigration of the short winged 

brachyptrous forms which hops from the contiguous fields of other crops or 

barren land, acting as reservour niches. 

Adoption of any single stage specific protection give spectacular results 

for a very short time, as in the immediate vicinity the population thrives well. 

The pest recolonizes within I 0-15 days after pesticides application. 

Among the double stage protection measures, highest level ofDAL% at 

DSP(6) was noted with a low average pest population. The alternative 

vegetative and ripening stage protection in case ofDSP(S) accounts for a steady 

dispersion of the BPH from the field. Protection free reproductive stage 

encourages to recolonize the population with utmost rapidity resulting in a high 

magnitude of damage. In case of DSP(3), the completely protection free early 

growth stages allows the nymphs to multiply devouring on the green foliage of 

vegetative stage. In spite of a low pest count at DSP(4) the value ofDAL% has 

been moderate. Because, the luxurious foliage of vegetative stage attracts BPH 

nymphs the most. Protection in the first two growth stages of paddy in case of 

DSP(1), saves the plants from early damage. However, the pest colonizes at late 

growth stage prior to reaching the reproductive stage and the population builds 

up rapidly due to the availability of suitable microclimatic zone near the base of 

the paddy plant formed by the reciprocal shading of the adjacent canopies that 

hinders light penetration. Furthermore, translocation of sugars to the grains is 

slowed down nearing the ripening stage. BPH is poorly attracted to such low 

sugar diets, and pest emigrates, population declines, hence damage is 

minimized. 

Comparatively a low pest infestation occurs at TSP(1 ). Protection during 

the first three consecutive stages obviously reduces the effect of damage. The 

trivial damage accounted at TSP( I) is due to immigration of the population after 

a few days of pesticide applications. Spraying is normally done at the upper 
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canopy. The adults hide themselves at the lower level of paddy stalks. They 

survive better in the paddy bushes. Though the pest status in TSP(1), TSP(4) 

and TSP(2) differs significantly, on the contrary, the damaging profile varies 

insignificantly. No protection at the vegetative stage renders high magnitude of 

direct damage as has been found in TSP(3). Because the pest can multiply 

vigorously at this stage. 

Efficiency and success of pesticide protection to BPH population largely 

depends on the plant architecture, standing growth stages of paddy, tillering 

capacity of the plant, appropriate selection of the pesticides, mode of 

application and other cultivation strategies. 

As the adult BPH feeds at the base of the plant and is mostly sedentary, 

it seldom comes in contact with the insecticide applied after vegetative stage. 

Application of pesticides at higher growth stages with different combinational 

strategy offer different grades of protective advantage and accordingly give 

disproportionate level of damage. Alternatively, application of high volume of 

spray is found drudgery and involves high cost. Therefore farmers spray the 

pesticide far below the requirement, resulting in poor coverage. Farmers do not 

have effective and handy equipment which can disperse the insecticides at the 

base of the plant. So BPH can only be controlled by the use of high volume 

sprayers. Growth stage specific application of pesticide denotes the exact stage 

at which special care should be taken to check the pest induced damage. 

Laboratory evaluation has shown that methyl parathion is less effective 

in controlling the hoppers. Adoption of methyl parathion at seed bed at 2% @ 

of 6kg I ha by foliar application has restricted the early arrival of the pest with 

minimum residual toxicity (Natarajan et a/. 1975). Green house evaluation 

of available marketable pesticides like carbofuran, chlopyrifos, diazinon, 

decamethrin and carbaril killed at least 80% of the hopper series (Basilio 1981 ). 

Application of such pesticides is discouraged due to longer residual toxicity 

(Senapati 1988). Methyl parathion is found effective to drive the hoppers, and 

due to its ovicidal activity protects the field from producing next generation. 

Application of carbofuran granules checks the population due to strong ovicidal 
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activity but is also disregarded due to its persistent toxicity, disruption of soil 

microbes, and phyto-toxicity in the late growth stage of the paddy (Heinrichs et 

a/.1984). 

4.4.1.3 In case of gall midge (GM) 

Single stage protection (SSP): Least number of GM occurred in case of SSP 

(3) while the highest was noted in SSP(!), the numbers were being 2.22 and 

2.68 individuals I quadrate respectively. The other two, SSP(2) and SSP(4), did 

not differ considerably (Fig.4.4.3a). 

Double stage protection (DSP): Except in case of DSP(6), the other 5 

combinations of protections did not differ significantly in number of GM 

infestation (Fig.4.4.3b). 

Triple stage protection (TSP): All the four protection stages differed 

considerably in respect of pest number. The highest of0.30 individual/ quadrate 

was observed at TSP(3) and least of0.19 individual/quadrate was scored in case 

ofTSP(l). At other two categories of protection the infestation was in between. 

(Fig.4.4.3c). 

All stage protection (ASP): Least number of GM was noted. 

No stage protection (NSP): The incidence of GM was maximum under such 

protection. 

Extent of damage in different protection protocols 

Single stage protection (SSP) 

Silver shoot (SS%): High level ofGM at SSP(!) and SSP(2) caused the 

higher level of SS% but showed significant difference. The SS% at 

SSP(2) and SSP(3) was 32.10 and 27.41 respectively. The observable 

values of SS% differed significantly in all the SSPs(Fig.4.4.3d). 

Parasitized gall (PG%): High level of SS% in case of SSP(!) was 

coupled with high level of parasitization (PG"/o ). PG% was high in case of 

SSP(2) than in SSP(4). Least level (%) of parasitization was observed in 

case of SSP (3) (Fig.4.4.3e). 

163 



Results and Discussion 

Double stages protection (DSP) 

Silver shoot (SS%): Higher value ofSS% was observed in DSP(6) while 

the least in DSP(l ). Effects of other protections were of intermediate 

conditions. SS% was directly correlated with field GM level m some 

stages (Fig.4.4.3f). 

Parasitized gall (PG%): PG% in the galls was comparatively higher in 

DSP( 6), while in DSP(2), it was least. Other protectional types showed 

varied level of parasitization. DSP(5) resulted in moderate parasitization 

with 17.58 SS (%). All the DSP patterns showed significant differences in 

the occurrence ofPG(%) (Fig.4.4.3g). 

Triple stage protection (TSP) 

Silver shoot(%): Higher SS% was scored in case ofTSP(3) followed by 

TSP(4), the values were 14.2% and 13.6% showing no significant level of 

difference. TSP(2) and TSP(l) differed insignificantly in respect of SS(%) 

appearance (Fig.4.4.3h). 

Parasitized gall (PG%): The PG"/o was comparatively high (11.3%) m 

case of TSP(4), while the least was observed in TSP(l). At other two 

protocols, the value ofPG(%) differed significantly (Fig.4.4.3i). 

All stage protection (ASP): The value of SS% and PG% were respectively 

5.01 and 6.14. 

No stage protection (NSP): Maximum level (%) of GM infestation and 

parasitization was noted. 

Discussion: High level of GM in SSP(!) is due to the lack of protection at late 

growth stages. SSP(2) and SSP(3) result comparatively low level of GM 

population, though of significant differences. This has been possible from the 

direct interference of pesticides to the mid growth stages. As GM incidence is 

more to the late tillering stage, SSP(3) has offered consistent protection to the 

mid growth stage rendering the lowest level of GM. 

164 



G~l adult ) "'--.J053Ln(x)+Z66.Z6. R'-4!.9392 
"' t rror 0.0!00. ~ -LDttr 0.02M.1, ( l>cq~ • O.O~It. 

GM adult ) --o.6692Lo)xl+9.9965. R ~0.91~1 
s.• rror - 0.01\1. ~d lliff - 0. 01&~ . C lWJii•.)~O. <Ci l U 

G:\l adult )-11.0897J.ntx)+O.Z987. R'-4!.982 
'f.m1r 0 . ~.;;- ' t .utff u fHifrt _ ( ll('t<• 
OJi 

3 
25 

D 

0,_-..__,__.-___ 
DSP(6) DSP(4) DSP(S) DSP(J) DSP(2) DSP(1) 

SS(%) y=-9.1985Ln(x)+38.511, R'=0.9896 
S.Error - 0.2337, S.E.Diff - 0.3305, CD(95% )-0.7200 

:J D 
~35 

i30 
.9 25 
Q. 

~ 20 
Cl) 15 

10 

5 

0 

1 
j 

1 

j 

' 

~""" 

1--r--::: r---=.. -

SSP(1) SSP(2) SSP(4) SSP(3) 

SS(%) y=-6.2441Ln(x)+28.137, R'=0.8524 
S.Error - 0.0057, S.E.Diff - 0.0081 , CD(95% )-0.01 68 

3:1 · D 

~= 1 
E 

~15 1 [ £10 
5 • 

o~~~~J-.....-1---''-r-_l__L_~~ ~ 

DSP(6) DSP(4) DSP(S) DSP(3) DSP(2) DSP(1) 

SS(%) y=-2.8969Ln(x)+ t 4.567, R'=0.8772 

13
s . Error - 0.7028, S.E. DifT - 0.9939, CD(95% )-0.1654 

14 • 

~12 j 
~'() ~ 
a a1 
0 

c. 6 · 

D 

!4' 
2j 
o~L--L~~--~~~--L--JJ 

TSP(2) __ TSP(1) 

PG(%) y=-7.4796Ln(x)+37.455, R'=0.9178 
S.Error - 0.2230. S.E.DifT - 0.3154, CD(95° o)-0.6871 

45 D 
40 • 

~35 
a3l 
~2; 
~a> 

Cl) 15 

10 

5 
0 

' 
j 
1 

1 

~ 

r-----_ - .... 

-
SSP(1 ) SSP(2) SSP(4) SSP(3) 

PG(%) y=-1.6012Ln(x)+l8.517, R'=0.9491 
S.Error - 0.0281 , S.E.Diff - 0.0398, CD(95%)-0.0829 

19 · 

14 +- L._L....,-_L__L_.....-J---l'----,---'---'-~ L--'----.L-..1........, 

DSP(6) DSP(5) DSP(4) DSP(1) DSP(3) DSP(2) 

PG(%) y=-1.5202Ln(x)+ll .253, R'=0.9954 
S.l:.rror - 0.0027, S. I:..DifT - 0.0039, CD(95"/o)-0.0084 

~ l ~ ..... r--. 
10 ; 

~8 
"' 5 6 
c. 

j 

~ 4 
Cl) 

2 

0 
I - L__ L__ 

TSP(3) TSP(4) TSP(2) TSP(1 ) 

Fig. 4.4.3: Numerical occurrence of GM and consequent silver shoot and 
parasitized galls in different paddy growth stage specific insecticidal 
protections. SSP (1-4), DSP(l-6) and TSP (1 -4): single, double and triple 
stage protections. :No significant differences. 

165 



Results and Discussion 

SS% has been definitely related to the field GM level indicating that the 

prevailing field pest level is the prime factor for SS formation. However, the 

rate of parasitization, has not been in proportion to the field GM level. High 

parasitization at SSP(!) can be accounted for the relatively pesticide free late 

growth stages. The least level ofPG"/o at SSP(3) has resulted due to the arrested 

parasitic development at the late growth stages. 

In all the stages of DSP except the DSP( 6), the level of GM differed 

insignificantly, High level of GM at DSP( 6) has been largely due to the 

presence of relatively pesticide free vegetative and reproductive stages. 

Appearance of SS(%) has a positive correlation to the field pest population. 

Higher the GM incidence, greater will be the extent of SS. 

In TSP, the relation between SS and field GM level has been nearly 

equivalent. Rate of parasitization has been found to be density dependent. As 

parasitization occurs mainly at the late growth stages, profuse tillering at this 

time provides a positive effect allowing the parasite to multiply. Application of 

pesticides at higher growth stages confers the rapid reduction of the parasite 

thus reduces the rate of parasitization. 

As GM is more prone to damage to the late growth stages, TSP(2) is 

suitable for controlling the population effectively. In case of TSP(3) there is no 

vegetative stage protection. This coupled together with prevailing climatic 

conditions induces GM settlement and their multiplication. Least population of 

GM at TSP(l) can be accounted for the extended protection up to the late 

reproductive stages. TSP( 4) leaves the crop a pesticide free reproductive stage 

for multiplication. 

With some rare exceptions significant positive relation has been found 

between the field GM level and the appearance of SS(%). No specific relation 

of field GM or SS(%) with the rate of parasitization(%) has been obtained. Thus 

it appears that the rate of parasitization is density independent at higher doses of 

insecticide application. Low level ofPG at higher application stages was due to 

the poor accessibility of the parasite to the fewer available galls. Thus the 
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pesticide application exerted direct effect on PG formation. Rate of gall 

parasitization was thus found to be application independent. 

4.4.1.4 In case of paddy bug (PB) 

Numerical occurrence 

Single stage protection (SSP): High level of PB (1.95 individuals I hill) was 

observed in SSP( 4). Significant differences occurred in the PB populations of 

other three SSPs. Least level of pest infestation was noted in SSP(3) (1.62 

individuals/hill) (Fig.4.4.4a). 

Double stage protection (DSP): DSP(6) showed the highest incidence of PB 

(1.80 individuals I hill) while the least was observed in DSP(S).In case of other 

four protections PB was in between (Fig.4 .4 .4b ). 

Triple stage protection (TSP): No significant level of differences in the 

population occurred with the exception of TSP(2), suggesting that all the 

protection stages were equally effective to control the pests. In case of TSP(2) 

the average value of the population was 0.34 individuals I hill(Fig.4.4.4c). 

All stage protection (ASP): Least number ofPB was noted. 

No stage protection (NSP): Maximum number ofPB with 1.8 individuals I hill 

occurred. 

Extent of damage in different protection protocols 

Single stage protection (SSP): Persistent high level of PB at SSP( 4) caused 

unfilled grain (UG"/o).· The dimension of damage did not differ significantly 

between SSP( I) and SSP( 4) in spite of the fact that the field populations 

differed significantly. No significant range of difference in UG% was noted in 

SSP(2) and SSP(3) though the average pest population was higher in SSP(2) 

(Fig.4 .4 .4d). 

Double stage protection (DSP): Higher level of UG"/o occurred in DSP(6) 

followed by DSP( 4) but without significant difference. Difference in the extent 

of damage did not differ between DSP(S) and DSP( 4). Moderate level of grain 
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damage was observed m DSP(3) while the least was noted m DSP(l) 

(Fig.4.4.4e). 

Triple stage protection (TSP): Highest level ofUG"/o occurred in case ofTSP 

(3). Least level of damage was registered in TSP(l) though the pest population 

remained high. Relatively higher damage was recorded in TSP(4) with only 

0.87 individual I hill(Fig.4.4.4f). 

All stage protection (ASP): Least frequency(%) of grain damage was noted. 

No stage protection (NSP): The extent of grain damage was maximum with 

28.14% unfilled grains. 

Discussion: Nearly all the groWth stages of paddy except seed bed are 

vulnerable to the attack by PB. In the pesticide free field (NSP), PB has been 

found to complete nearly three generations successfully. Early arrival and 

settlement yielded the first batch of nymphs at the very beginning of vegetative 

stage which start to propagate with the available foliage as food source. Swarna 

Masuri (MTU 7029) with about S0-55 days duration of vegetative stage 

promotes rapid increase in nymph's population by completing its second life 

cycle in late vegetative stage. Reproductive stage supports another generation to 

complete. However the intensity of PB population has increased during 

advanced growth stages of paddy with multiple overlapping generations. 

SSP(!) has offered protection to the plant from early colonization. Late 

assemblage at early vegetative stage requires adequate time for the population 

to buildup. SSP( 4) allows early settlement and propagation up to reproductive 

stages without any hindrance causing an out break. Least level of population at 

SSP(3) has been due to the efficacious control and to inhibit the production of 

second batch of population under pesticide stress. 

DSP(6) has protected the crop from early settlement of PB. But the 

subsequent pesticide free two consecutive growth stages has invited the pest and 

encouraged rapid multiplication causing a high level of damage. The magnitude 

of damage has far more intensified when the neighboring paddy fields were at 

later growth stages. 
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When episodic and discontinued pesticide protection have been adopted 

as in DSP( 4), it interrupted the life cycle of both first and second batches of 

nymphs, hence the magnitude of the damage has been reduced. Though in 

DSP(1) and DSP(2) the early life cycle ofPB is halted, the low level of damage 

occurs due to migration of the pest from the nearby fields. 

TSP(1) has concealed the plant from the early settlement of the PB. TSP 

(2) interferes with the nymph's activity of all the batches and TSP(3) hinders 

the activity of the adults. But the damage has been high in TSP(3) as the early 

generation nymphs has got adequate time to survive and mature. In TSP( 4), 

application of pesticide at reproductive stage of paddy becomes less accessible 

to the nymph due to the presence of luxuriant foliage offering greater survival 

value and thus results in higher grain damage. But the persistent presence of 

protection in combination of two contiguous growth stages, vegetative and 

reproductive stage, in TSP (2) easily has caused nymph mortality and hence low 

unfilled grains. 

Majority of the works relating to the assessment on the efficacy of the 

pesticides are largely based upon the single pesticide formulation in which more 

stress was given on the additive I subtractive methods which includes I excludes 

all the major growth stages one by one and the extent of damage is determined 

collectively for all the pests in consideration of a single growth stage (Banerjee 

1982, Heinrichs 1984). Furthermore, such studies are mainly concerned with the 

final yield losses but the relative damaging potentiality of a particular pest or 

pest complexes in relation to the growth stage of paddy is underscored. As all 

the pests are not equally harmful to any of the growth stages, specification of 

relative range of damage by a particular pest under different protection 

protocols has been given priority in the present investigation. Moreover, as the 

efficacy of pesticides to control all the pests at a standing growth stage of paddy 

is not equally potent it is more appropriate to study the field pest level under 

different pesticide combinations as a prerequisite measure at a particular locality 

before the recommendation and execution of a protection schedule. 
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4.4.2 Numerical occurrence of natural enemies and consequent of 

protection 

4.4.2.1 In case of spider 

Single stage protection (SSP): High level of spider population with 

0.97individual I hill was observed in SSP(1). When SSP(2) and SSP(4) were 

applied, significant changes were noted in the population structure. The least 

level of population was noted at SSP(3) (Fig.4.4.5a). 

Double stage protection (DSP): Persistent high level of spider population was 

noted in all the growth stages of paddy when DSP(4) was in practice. 

Population in case of other modes differed significantly. A hierarchical spider 

populations in the ascending sequence of DSP{3), DSP(2), DSP(1), DSP(5) 

DSP(6) and DSP(4) were noted in all double stage protections (Fig.4.4.5b). 

Triple stage protection (TSP): Significant level of differences occurred in 

spider populations in all the triple stage protections. The highest number was 

observed in TSP(1) while the least was scored in case ofTSP(4) (Fig.4.4.5c). 

All stage protection (ASP): Least number of spider population was noted. 

No stage protection (NSP): The incidence of spider population was maximum. 

Discussion: All the growth stages of paddy except seed bed support the spider 

population. Application of insecticides at different growth stages, except in the 

seed bed has offered varied level of protection of the crop. As the growth stage 

advances, the crop canopy becomes denser offering higher survival value to the 

spiders. Seed bed stage supports the early colonization while the vegetative and 

reproductive stages provide support to the web decoration and subsequent 

population multiplication. 

Pesticide free seed bed stage is thus found indispensable for early 

colonization of spiders. Application of pesticides in SSP(2) and SSP( 4) has 

imparted no significant level of difference in the spider population. The 

population after colonization at seed bed could easily retrieve from the 

insecticidal application at SSP(2) or SSP(4). But when SSP{3) has been 

adopted, the population could rarely withstand resulting in steady population 
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crash. Such 'turn down' of the population has been due to the less adaptability 

of the spiders in the field for food and shelter and to recolonize after being 

subsided due to pesticide. 

Interrupted alternative growth stage specific pesticide application at DSP 

( 4) has promoted comparatively higher level of spider with 0.92 individual I hill 

than in case of continuous applications. Separate episodic application in the 

two consecutive stages of DSP(3) and DSP(2) has disapproved the ready 

colonization thus restricted the population rebuild. DSP( 6) has a higher 

population nearly to that in DSP( 4) due to pesticide free vegetative and 

reproductive stages. DSP(6) has allowed the population to multiply, but the 

presence of protection at ripening stages has rendered the population to hide 

within the canopy. Further, as the growth stage of the paddy is in progress from 

reproductive stage to ripening stage, a steady decline of the population has been 

observed due to the depletion of food source. Alternative stage specific 

application at DSP( 5) has provided the spider enough time to with. stand the 

effect of pesticide application. 

Least level of spider population in TSP( 4) has been accounted due to the 

successive application of pesticides in the early two growth stages and their 

extended effect to the next growth stage. Although in TSP( 1 ), protection is 

given to the early growth stage but differences arises in the late growth stages. 

Absence of protection at ripening stage in TSP(l) permits the spiders to 

reappear at higher numbers. 

Spiders are found on leaves around paddy fields after the crop is 

established, they occasionally may leave the place to inhabit the nearby newly 

cultivated fields. In an untreated field, growth stage dependent activity of the 

spider community is evident from their gradual increase as the crop grew older. 

Among all the species the wolf spider L pseudaannulata has been abundant. 

Although spider abundance generally fluctuated little within a short time, spider 

density has increased with crop age, peaking near crop maturity (Satpathi 2004). 

They have been occasionally found to reach a density of 8 individuals I hill in 

the present study but usually inconsistently as a few on a hill. 
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4.4.2.2 In case of bug 

Single stage protection (SSP): Comparatively high level of bug population 

with 1.94 individuals I hill was registered in SSP(l). The population varied 

significantly when SSP( 4) and SSP(2) were considered. The least level of 

population was scored at SSP(3) (Fig.4.4.5d). 

Double stage protection (DSP): Consistently high level of bug population was 

encountered throughout the growth stages when DSP(4) was adopted. All other 

stages of DSP differed considerably. Least level of bug population was 

estimated in DSP (3) with 1.35 individuals I hill (Fig.4.4.5e) 

Triple stage protection (TSP): Significant level of variations in the incidence 

of bug population was noted among all the stages of triple protections. The 

highest level was observed in TSP(l) with 1.35 individuals I hill while the least 

number in case ofTSP(4) with 1.17 individuals I hill (Fig.4.4.5f). 

All stage protection (ASP): Least number of bugs was counted. 

No stage protection (NSP): The incidence of bug population was highest. 

Discussion: All the growth stages of paddy except the seed bed have been 

found to support the bugs. Application of insecticides at different growth stages, 

excluding the seed bed, has offered different level of protective advantage. 

Higher the growth stages, greater the generation of crop canopy better is the 

survival value to the bug. Seed bed stage supports the early colonization while 

the vegetative and reproductive stages help in multiplication. 

Insecticide free seed bed stage is thus the prime necessity for early 

colonization of the bug. The population after early colonization at seed bed can 

easily retrieve the insecticide application at SSP(2) or SSP( 4). But when 

pesticide is adopted in SSP(3), the bug population can rarely over come the 

action of insecticide resulting in 'out break' of pest population. Decline of 

population has been noted due to the less adaptability of the bugs in the field for 

food and shelter. 

Discontinued episodic application at DSP( 4) has resulted in a higher 

level of bug than the continuous applications as in DSP(l ), DSP(2) and DSP 
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(3). DSP(3) and DSP(2) have permitted ready colonization and population build 

up. At DSP(6) population was quite high nearly to that at DSP(4), both have 

pesticide free vegetative stage. DSP( 6) has permitted the population to increase, 

but the protection at ripening stage in DSP(3) hardly has allowed the population 

to escape. Further, as the growth of the paddy is in progress from reproductive 

to ripening stage, a steady decline of the bug population has been observed due 

to the depletion of food sources. Alternative application at DSP(S) has provided 

the bug enough time to withstand the stress and to colonize. 

Least level of bug population in TSP( 4) can be accounted for the 

successive protections in early two growth stages and their extended residual 

effect to the next growth stage. Absence of protection at ripening stage in 

TSP(l) has allowed the bug to reappear in the field at low level. 

Cyrtorhinus lividipennis has been the prime predator primarily of hopper 

eggs in the agro-ecological region of Raiganj. The bug, has also been reported 

from other blocks of the District Uttar Dinajpur during the period of study. This 

study reveals that the rate of predation of BPH eggs by C. lividipennis is on an 

average 20% in wetlands and 43% in dry land paddy. Predation accounts for the 

damage of 50% of eggs available in an untreated field. 

4.4.2.3 In case of beetle 

Single stage protection (SSP): Comparatively high level of beetle population 

with the average value 3.14 individuals I hiii was observed in SSP(!). 

Significant differences in the beetle population were noted in other operations. 

The least number of beetles (2.96 individuals I hill) was noted in SSP (3) 

(Fig.4 .4. 6a). 

Double stage protection (DSP): Highest level of beetle population was noted 

in DSP (6) while the least number was counted in case of DSP(3). The 

population did not differ significantly in DSP( 4), DSP(2) and DSP(l) 

(Fig.4.4.6b). 
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Triple stage protection (TSP): Beetle population remained high in both TSP 

(3) and TSP (4) without significant difference. TSP(2) offered a least average 

population level of 1.67 individuals I hill (Fig.4.4.6c). 

All stage protection (ASP): Such type of protection supported least number of 

beetle population. 

No stage protection (NSP): The incidence of beetle population was maximum 

under this protection. 

Discussion: SSP(l) has supported and maintained higher number of beetle. The 

population has colonized rapidly from the nearby field and maintains a steady 

level up to the ripening stage. Availability of green foliage at both vegetative 

and reproductive stages accelerates the rate of colonization. Adoption of SSP(2) 

and SSP(3) confer protection to the vegetative and reproductive stages 

respectively and interferes with the activity of the bug resulting in a steady fall 

in population. Such reduction of population size has been mainly attributed to 

the direct mortality following application of pesticides. SSP( 4) has exerted very 

little effect on early colonization, hence the population has heightened. 

DSP( 6) has permitted high beetle level due to the availability of the 

pesticide free foliage. Early growth stage protection in DSP(l ), consecutive 

protection in DSP(2) or interrupted episodic protection in DSP( 4) differ 

insignificantly but with low population status. This indicates that a considerable 

time is required for the beetle to establish in higher numbers. 

Absence of protection at vegetative stage in TSP(3) and reproductive 

stage in TSP( 4) has allowed the predator to aggregate and multiply. Low beetle 

population at TSP(2) was due to the arrest of population growth at prime growth 

stage of paddy. 
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4.4.2.4 In case of fly 

Single stage protection (SSP): 0.38 individual I hill fly was recorded in SSP 

(1 ). The other three protection protocols showed significant differences in fly 

population, particularly between SSP(4) and SSP(2). The lowest level of 

population was noted at SSP(3) with 0.30 individuals I hill (Fig.4.4.6d). 

Double stage protection (DSP): Very low count of fly population with 

insignificant level of difference was noted between DSP(2) and DSP(3). A 

relatively high population was noted in DSP(6). Interrupted episodic application 

as in DSP( 4) had resulted in low fly population than DSP(S) and DSP(l ). It was 

therefore, implied that fly could hardly colonize in a short period of time to 

build up the population (Fig.4.4.6e). 

Triple stage protection (TSP): No significant difference of fly population was 

observed between TSP (3) and TSP (1 ).TSP ( 4) supported higher number of fly 

population while in TSP (2) the number was least (0.22 individuals I hill) 

(Fig.4.4.6f). 

All stage protection (ASP): The fly number was least with 0.28 individuals I 

hill. 

No stage protection (NSP): Maximum number of fly individuals was noted. 

Discussion: SSP(l) has maintained comparatively higher number of fly. The 

population settles speedily from the nearby field attaining a steady level up to 

the ripening stage. Adoption of SSP(2) and SSP(3) confer protection to the 

vegetative and reproductive stages respectively and interferes with the activity 

of the fly causing the steady reduction of the population. Such attenuation of 

population size has been mainly credited either by the direct mortality or rapid 

migration following pesticides application. SSP( 4) has exerted very little effect 

on early colonization, hence the population has heightened. 

Pesticide free DSP(6) has allowed high fly level due to the availability 

offood. Early growth stage protection in DSP(l ), consecutive protection in DSP 

(2) or interrupted episodic protection in DSP( 4) differ significantly but 
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exhibiting low population status. This designates that a substantial time 1s 

required for the fly to establish in higher numbers. 

Unprotected vegetative stage in TSP(3) and reproductive stage in TSP 

(4) vary significantly allowing the fly to aggregate and multiply. Low fly 

population at TSP(2) was due to the detained population growth at major 

growth periods. 

Kumar et a/. (2000) has carried out a study during 1994-95 at paddy 

breeding station in Coimbatore, Tamil Nadu, India for assessing the influence of 

commonly used insecticides on predators of leaf and planthoppers of rice. 

Acephate, chlorpyrifos and monocrotophos were found to be safe to Lycosa 

pseudoannulata, Tetragnatha javana and Paederus fuscipes . Acephate was also 

found safe to Microvelia atrolineata and Cyrtorhinus /ividipennis. Phorate and 

carbofuran were more toxic to both M atrolineata and C. lividipennis. He 

suggested growth stage specific selective application of pesticides. 

Assessment on the field dynamics of the predatory complex under different 

protection protocols appears to be the prime requisite to understand their 

relative efficacy of alternative pesticide applications. As the application of 

different pesticides influences the structure of natural enemy population, 

consequently the potentiality of predation by enemies was changed. 

4.4.3 Growth stage specific application of pesticides on yield attributes 

Plant height 

Single stage protection (SSP): Relatively longer plant height was 

obtained in SSP( I) and the shortest height in SSP(4). In case of other two 

protections the height were intermediate (Fig.4.4. 7a). 

Double stage protection (DSP): The maximum height was attained in 

case ofDSP(6) with an average value 128.5 em. The height did not differ 

significantly in DSP(4), DSP(S) and DSP(3).The heights in other two 

protections were intermediate (Fig.4.4.7b). 
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Triple stage protection (TSP): The highest plant height was noted in 

TSP(2). In TSP(I) and TSP(3) the heights differ insignificantly. Shortest 

plant height was in TSP(4) (Fig.4.4.7c). 

All stage protection (ASP): Maximum plant height was obtained. 

No stage protection (NSP): Minimum plant height was noted. 

Effective tillers 

Single stage protection (SSP): The number of effective tillers was 

maximum in SSP(l) and minimum in SSP(3). SSP(4) and SSP(2) ranked 

2"d and 3'd with the individual average value of 19.11 and 18.97 I hill 

respectively (Fig.4.4.7d). 

Double stage protection (DSP): The maximum number of effective 

tillers was found in DSP(6). DSP(2}, DSP(S) and DSP(1} did not differ 

significantly. The number of effective tillers were nearly the same in 

DSP(S), DSP(1) and DSP(3).Insignificant difference was noted between 

DSP(3) and DSP(4) (Fig.4.4.7e). 

Triple stage protection (TSP): TSP(3) had registered the highest number 

of tillers while the lowest number was noted in TSP(1).TSP(4) and 

TSP(1} did not vary significantly. The number of tillers was relatively low 

in TSP(2} than in case ofTSP(3) (Fig.4 .4. 7f). 

All stage protection (ASP): Maximum number of effective tillers was 

obtained. 

No stage protection (NSP): The tiller number was minimum under such 

application. 

Panicle length 

Single stage protection (SSP): Under SSP(3) the maximum panicle 

length was obtained with an average of249 em. While it was minimum in 

case of SSP(2) having an average value of 247.0 em. In SSP(4) and 

SSP( I} nearly the same length was obtained (Fig.4.4.8a). 
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Double stage protection (DSP): Insignificant difference was observed 

among the treatments except in DSP(6) (Fig.4.4.8b). 

Triple stage protection (TSP): No significant difference m panicle 

length was noted among TSP(2), TSP(1) and TSP(3) treatments. Further 

TSP(1), TSP(3) and TSP(4) differed insignificantly (Fig.4.4.8c). 

All stage protection (ASP): Maximum panicle length was obtained 

No stage protection NSP): The panicle length was minimum. 

Number of grains /panicle 

Single stage protection (SSP): The highest grain number I panicle was 

observed in SSP( 4) while the lowest in SSP(1 ). No significant difference 

was noted between SSP(3) and SSP(2) (Fig.4.4.8d). 

Double stage protection (DSP): DSP(4), DSP(6), DSP(3), DSP(1) did 

not vary significantly with regard to grain number I panicle. Further 

DSP(6),DSP(3),DSP(1),DSP(S) and DSP(2) had nearly the same number 

of grains I panicle (Fig.4.4.8e) . 

Triple stage protection (TSP): The highest number of grains /panicle 

was obtained in TSP(1 ). No significant difference was found between TSP 

(3) and TSP(4) .In TSP(2), the number of grain I panicle was significantly 

low with an average of234 grains I panicle (Fig.4.4.8f). 

All stage protection (ASP): Highest grain number I panicle was obtained. 

No stage protection NSP): The grain number was least. 

Grain yield 

Single stage protection (SSP): Maximum grain yield was observed in 

SSP(2) with an average value 23.4 q I ha and the minimum was in SSP(1). 

SSP(3) and SSP(4) differed significantly regarding the yield potential, the 

average value was being 22.6 and 22.1 q I ha respectively(Fig.4.4.9a). 

Double stage protection (DSP): The highest production occurred in 

DSP(2) which was immediately followed by DSP(3). DSP(4), DSP(S), 

DSP(1) and DSP(6) ranked afterwards in descending order with 

significant level of difference (Fig.4.4.9b). 
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Triple stage protection (TSP): The highest yield was noted in TSP(2). 

TSP(l), TSP(3) and TSP(4), ranked afterwards and shoed significant 

differences (Fig.4.4.9c). 

All stage protection (ASP): Highest grain yield was noted. 

No stage protection (NSP): Very poor grain generation was registered. 

Discussion: Though plant height and effective tiller generation have been 

maximum in SSP(!) but the yield has been minimum due to lowest grains I 

panicle. Maximum yield in case of SSP(2) is due to the protection of vegetative 

stage for a longer time and proper grain filling. Comparatively low yield in 

SSP(3) with maximum panicle length and moderate grain number/panicle has 

been due the continuous damage by YSB in the absence of pesticide protection 

at late vegetative stage. This was again followed by PB attack. 

In DSP(6) the highest plant height with minimum panicle length has 

been obtained. This has happened due to the absence of pesticidal protection at 

two consecutive vegetative and reproductive stages, which has favoured a high 

magnitude of GM infestation. The infestation induces greater tiller generation. 

DSP(2) has offered pesticide protection at vegetative and reproductive stages 

and thus has escaped damage by YSB and GM, resulting in the maximum grain 

yield. The panicle length is nearly the same in all the treatments, except in DSP 

(6) indicating the steady interactions between the plant phenology and pest 

complex. 

Although in TSP(l) the grain number I panicle has been highest, low 

yield occurs only due to the damage by PB at ripening stage in the absence of 

protection. TSP(2) with moderate grain number/panicle has ranked first in terms 

of yield. This happens because of continuous protection in all the stages except 

in the seed bed. 
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Absence of protection in vegetative stage in case of DSP( 4) results in 

lower number of effective tillers, reduced panicle length bearing low grain 

number I panicle hence, results in poor yield. 

Lowest number of tillers in TSP(l) with highest grain number I panicle 

has been due to interaction between pesticidal activity and crop phenology. 

Apart from protective function, pesticides act as phytotonic agents inducing 

plant growth and offer positive effect on yield attributes. Greater the yield 

attributing characters, higher will be the pest infestation. But the relative 

variability in the nature of pest infestation is due to the preference of the pest(s) 

to the particular growth stage(s). 

Previous studies regarding the phytotonic effect of the pesticides has 

been restricted to a single formulation. But the farmers rely upon varieties of 

pesticide compositions; their collective role on the plant physiology has so far 

been disregarded. 
I 

Rao et a/. (1983) have recorded an increased vegetative growth of rice 

plants due to soil application of carbofuran @ 1 kg a.i I ha in addition to the 

effective stem borer control. 

Present study is in consonance with the previOus observation by 

Balasubramaniyan eta/. (1981) although the nature of pesticides used in their 

experiment differs. Observation shows that the phytotonic effect of carbofuran 

applied @ 0.5 kg a.i I ha in low land rice has manifested through increased leaf 

area index, number of productive tillers, grains I panicle and 1000 grain weight. 

The grain yield increased to 41.8 - 46.8 q I haas against 35.7-39.3 q I ha in 

untreated control. 

Venugopal et a/.(1983) found that the stimulatory effect of carbofuran 

induced greater root development, enhanced plant height, more number of total 

and productive tillers, rapid maturation of the grain leading to high yields. 

Contrary to this, Sing et a/. ( 1990) found that the carbofuran did not influence 

the yield or yield attributes. Sontakke et a/.(1998) made an comparative assay 

on the phytotonic effect of carbofuran and found that the influence was more 
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profound in the variety 'Jajati' than in 'Jaya' and concluded that the activity of 

carbofuran was variety specific. 

Present investigation encompasses the growth stage dependent application 

of different pesticides in a collective manner. Phytotonic effect of each of 

the pesticides in succession has essentially induced physiological change 

which in turn has caused positive impact on both grain yield attributes and 

pest number. The extent of 'boosting effect' is dose dependent and growth 

stage specific. Accordingly, the stage-specific selection of the pesticides is to 

be made with proper consideration of the standing growth stage. 

Yield economics 

Growth stage specific protection experiment implies highest grain yield 

m All Stage Protection (ASP) with a cost:benefit =1:1.61. DSP has been 

economically more justified and profitable than SSP with an average C : B ratio 

= 1:1.52. Among all the stages of SSP, SSP(1) and SSP(3) have generated 64.70 

and 68.23% of the yield obtained in ASP respectively. In other treatments with 

SSP, yield gain has been relatively low. In comparison to the yield from ASP, 

all the stages ofTSP collectively have resulted in slightly higher (81.58%) than 

in DSP (74.68%), among all the treatments ofDSP; the DSP(2) has given better 

result (Fig.4.4.9d). 

Discussion: Works, so far undertaken to evaluate the relative efficacy of the 

newly evolved pesticide application protocols have aimed at to determine the 

highest return under maximum protection. Works carried out so far concern 

mainly with input of pesticides, very little attention was paid upon the yield 

generation under different growth stage specific protection protocols. 

Though a partial study to evaluate the comparative damaging potentiality 

of pests has been undertaken by the RRI, Chinchura, West Bengal and the 

relative comparison has been drawn between the 'crop protected' and the 'crop 

unprotected', but the importance of the different growth stages had not been 

considered. 

187 



Results and Discussion 

Present study depicts a changeable range of yield benefit under the 

adoption of different protection protocols. Initial survey in the three blocks 

reveals that only 12% farmers can avail of the opportunity of maximum 

protection (ASP). Due to the lack of proper knowledge farmers use the 

pesticides randomly disregarding the 'actually effective' growth stage(s). 

The result encourages the farmers, after proper adoption of such 

protectional protocol, will be able to evaluate readily the yield benefit 

under different growth stage specific protection. 

4.4.4 Study on the effect of a particular pesticide on a particular pest 

4.4.4.1 Evaluation of the pesticides for controlling YSB 

Effect of chain application of five pesticides commonly used by the 

farmers in all the blocks on the activity of YSB was assessed by counting 

DH(%) and WH(%) on 50, 70 and 90 DAT respectively in kharif crops against 

the fields with no pesticide application, considered as control. Pesticides were 

applied twice, at 35 and 75 DAT correspondingly. Experiments were conducted 

in four consecutive years and the average was considered (Tables.4.4.1 and 4.4.2). 

Quinalphos was the least toxic pesticide to bring about the YSB 

mortality accordingly the number of DH(%) was highest at 50 DAT. 

Carbofuran showed the highest efficiency at 50 DAT limiting the available DH 

to 0.80%. But the activity ofcarbofuran was not extended as the number ofDH 

was considerably increased in the subsequent observation at 70 DAT. Highest 

efficiency at 70 DAT was noted for phorate while the least for carbaryl. 

The other pesticides showed the activity in the descending order of 

carbofuran, monocrotophos and quinalphos during 70 DAT observations. 

Estimation ofWH at 90 DAT showed that phorate was the most effective while 

quinalphos was the least. Carbaryl, carbofuran and monocrotophos exhibited the 

efficiency in ascending order to check WH. 

Final yield generation was greatly influenced by the pesticide 

treatments. Minimum grain yield was noted for control against the maximum 

under carbofuran application. Phorate, monocrotophos and carbaryl yielded 

32.42, 31.04 and 28.67q I ha respectively. 
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Table.4.4.1: Extent of damage by YSB on different growth stages of paddy after the application of different insecticides 

DH(%) WH(%) 

50DAT 70DAT 90DAT 

Insecticide 
applied 

.., ... "' "' .. .., ... "' "' .. .., ... "' "' .. 0 Q 0 0 

~ 
0 0 0 0 

~ 
0 0 0 0 

~ Q 0 Q Q 0 0 0 Q 0 0 Q Q .... .... .... .... .... .... .... .... .... .... .... .... 

Carbofunm 0.74a 0.89a 0.8la 0.77a 0.80 7.llbc 6.5lb 7.4Sbc 6.2la 6.82 1.58a 1.78ab 1.98c 2.05a 1.84 

Ph orate 1.98ab 1.72a 1.6lab 1.85ab 1.79 3.87ab 3.65ab 3.9lab 3.78ab 3.80 1.45cd 1.54ef 1.63ef 1.75ef 1.23 

-00 
'D 

Monocrotophos 2.08bc 2.43bc 3.llef 2.54ab 2.54 8.2lbc 7.43ef 7.54ef 6.98a 7.54 1.67bc 1.78bc 1.77ef 2.04cd 1.81 

Carbaryl 2.54ab 2.06bc 2.22bc 3.0lbc 3.01 6.88cd 6.59cd 7.12cd 7.67cd 7.06 3.22ef 3.4lef 3.58ef 4.0lef 3.55 

Quinalphos 4.66cd 4.32cd 4.55cd 4.98bc 4.98 7.89ef 8.3lef 7.56cd 7.79cd 7.88 3.67ef 3.78ef 3.9lcd 4.03cd 3.84 

Control 12.22g 10.3lg 12.64g 12.72g 12.70 13.22g 12.2lg 10.87g 12.55g 12.21 11.2lg 10.87g 11.65g 11.2lg 1.23 
- L. __ ---L__- -

Figures marked with the same letter are not siguificantly different at 5% level 



Results and Discussion 

Table.4.4.2: Paddy yield generation under different pesticide treatments 

Insecticide applied Yileld (q I ha) 

Carbofuran 39.87 

Phorate 32.42 

Monocrotophos 31.04 

Carbaryl 28.67 

Quinalphos 34.11 

Control (without insecticide) 27.23 

Discussion: It appears that none of the pesticides when used at randomly can 

control YSB completely for all the growth stages of paddy. Selection and 

application of a particular pesticide should be suited to the objective to 

maximize the larval death. Carbofuran is most effective during the early brood 

of the larvae. Carbaryl and quinalphos have lower effect on YSB at 50 DAT. 

Phorate has been found relatively more effective to the second batch of larvae 

than carbofuran. Application of monocrotophos can hardly manage the YSB 

population at 70 DAT. However through out the growth stages, phorate can 

moderately check the causation of DH and WH in comparison to the other 

insecticides. Variability of the pesticide lethality in relation to the plant growth 

stage is related to the half life of the particular brand and to their access within 

the crop canopy. Further all the pesticides are differentially potent to all the 

developmental stages of pests. 

Therefore, farmers may adopt carbofuran at early stage of plant growth 

but selection of phorate is more economically viable as it helps to reduce 

the pest population throughout the paddy ages. 

4.4.4.2 Evaluation of pesticides for controlling BPH 

4.4.4.2.1 Study on the relative efficacy of different pesticides 

Small field (lOOxlOOmt.): Relative efficiency of five pesticides commonly 

used by the farmers to check BPH population was assessed. Pesticides were 
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Results and Discussion 

applied at 70 DAT, there were 3 replications and the BPH individuals(both 

adult + nymphs) I hill was counted at 75 DAT. The average value was then 

statis~ically analyzed. 

Carbofuran showed the maximum lethality while for qunalphos it was 

minimum. Phorate, monocrotophos and carbaryl expressed the lethality in the 

descending order (Table.4.4.3). 

Table.4.4.3: Field evaluation of the relative efficacy of five granular pesticides 

for controlling BPH at 75 days after the transplantation (DAT) of the seedlings. 

Insecticides applied Individuals/IS hllls (adult+ nymphs) Grain yield (q/ ha) 

Generic Years of observation Years of observation 
Dose 

Avg. name 2003 2004 2005 2006 2003 2004 2005 2006 

Carbofuran 1.00 
17.1 13.3 9.2 14.1 13.25 34.21 33.87 34.68 34.39 

(4.18) (3.67) (3.08) (3.80) (3.70) (5.89) (5.86) (5.93) (5.90) 

Ph orate 1.00 
23.2 18.1 13.2 II. I 16.25 32.69 32.88 32.46 32.55 

(4.84) (4.30) (3.67) (3.39) (4.09) (5.76) (5.77) (5.74) (5.74) 

Mono-
0.50 

28.1 24.2 31.1 34.0 29.25 30.11 31.31 30.43 30.69 
crotophos (5.33) (4.94) (5.61) (5.87) (5.45) (5.53) (5.64) (5.56) (5.58) 

Carbaryl 0.75 
26.0 19.1 29.0 39.1 28.25 28.82 28.91 30.21 27.11 

(5.14) (4.41) (5.43) (6.28) (5.36) (5.41) (5.42) (5.54) (5.25) 

Quinalphos 1.25 
38.1 45.1 37.0 42.0 40.50 26.65 27.33 27.69 27.01 

(6.16) (6.74) (6.12) (6.51) (6.40) (5.21) (5.27) (5.30) (5.24) 

Control 47.0 52.0 45.0 39.0 43.25 22.25 23.67 22.11 21.45 
X 

(6.20) (7.24) (6.74) (6.28) (6.61) (4.76) (4.91) (4.75) (4.68) 

SE of mean 2.11 1.16 2.31 2.22 2.51 1.48 2.12 1.37 

LSD (p <0.05) 6.22 4.12 2.39 3.41 6.11 2.14 N.S 2.41 

.. 
(x)- No pest1c1de applied 

All the value except control is the mean of three treatments in each year. Figure in the 

parenthesis are the transformed value and the standard error (S.E) and LSDs referred to this. 

Wide field (lOOOxlOOOmt.): The efficacy of the selected pesticides was also 

tested in the larger fields. BPH was counted by light trapping( 400 watt.) on the 

day immediately before (DBA) and after (DAA) the pesticide application. As 

the farmers use pesticides mostly in a chain, each type of pesticide was applied 

against the BPH every 20 days interval. The average pooled data of light 

trapping in relation to the five insecticides were graphically plotted (Fig.4.4.10). 
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34.28 
(5.89) 

32.64 
(5.75) 

30.63 
(5.57) 

28.76 
(5.40) 

27.17 
(5.26) 

22.37 
(4.78) 



Results and Discussion 

In each application BPH population declined steadily due to mortality 

and immediate steady migration. The population again recolonized, settled and 

attained peak .But the magnitude of colonization was gradually decreased as the 

times of application was increased progressively with the application schedules 

on 50, 70 and 90 DAT. Pattern of colonization directly related by the efficacy of 

the pesticides. In this regard monocrotophos stood first and carbofuran and 

phrorate second and third respectively. However the shortcoming with 

carbofuran at late growth stages was due to its inability to penetrate to higher 

plant canopy. 

Experiment indicates that the efficacy is field size independent as smaller 

and larger field expresses same range of efficiency in consideration of a 

particular pesticide. 

4.4.4.2.2 Dynamics of BPH population in relation to the growth stage of 

paddy 

Dynamics of BPH was noted under two different modes of application each 

with two different brands. Both the granular and sprayable formulation was 

applied at 45-50 and 65-70 DAT respectively and BPH number was counted 

fortnightly staring from 10 DAT up to 80 DAT. 

4.4.4.2.2.1 Fixed date application: Pesticides irrespective in variable doses and 

in two different modes of applications, to the immediate vicinity drived out the 

BPH. Efficacy was studied in consideration of the population change(%) after 

pesticidal input against the field without pesticide application, considered as 

control. Grannular formulation of carbofuran @ 2 kg a.i/ha proved more 

effective than the other pesticides. With the increase of doses the incidence of 

BPH was minimized. Formulation of phorate had the lowest efficiency in 

respect of the granular application. Among the spray application, phoxim and 

cypermethrin gave intermediate results (Table.4.4.4). 
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Table. 4.4.4: Incidence of BPH in relation to the growth stages of paddy after the application of different types of pesticide at 10 xlO 
spacmgs 

Types Trade Application BPH individuals/Shills g>, 
name rate a~ 

(kg .a.ilha) 10DAT 20DAT 30DAT 40DAT 50DAT 60DAT 70DAT 80DAT Mean -=~ 
u~ 

~ 
1.00 13.56±1.14 8.24±1.11 20.1±4.11 29.11±4.11 18.34±2.11 28.11±2.12 64.22±3.11 34.11±1.11 26.75 -68 

,:; 
.9 0 1.50 16.11±2.12 5.76±1.12 4.21±1.31 5.34±1.11 8.11±1.11 04.21±2.43 02.34±3.56 43.21±3.23 10.87 -87 ;;; -e 

<.) "' :.= u 2.00 6.12±2.34 01.45±1.45 1.00±0.91 1.02±0.98 1.21±1.77 01.21±0.98 01.45±3.67 01.32±0.12 01.63 -98 I 8: 
"' 

j 1.00 10.34±3.11 17.67±2.34 88.01±5.32 10.21±1.67 63.16±3.21 110.98±9.67 79.55±2.78 126.11±8.23 73.05 -12 
~ 
5 1.50 10.56±2.45 11.65±4.11 56.13±4.21 77.22±4.22 67.33±1.21 91.23±9.88 81.31±2.90 133.44±9.21 66.00 -21 0 
..c 

"" 2.00 11.67±3.11 12.34±3.24 36.31±5.56 52.22±2.11 21.23±1.01 30.13±4.45 26.03±4.11 32.11±2.34' 27.50 ..(,7 

= 1.00 17.11±2.31 3.22±1.02 19.88±3.34 52.34±4.11 19.01±2.11 32.01±3.67 27.33±5.01 29.09±3.34 24.75 -70 

= ~ 
0 " ·-= 8 1.50 12.45±2.32 5.11±1.21 11.90±1.45 19.23±2.12 8.23±1.23 22.00±4.33 13.21±1.49 27.67±3.23 14.62 -82 
"' u " :.= "" "" ~ 2.00 18.67±3.11 7.24±1.31 5.78±2.21 29.34±3.32 11.21±0.99 43.32±4.11 18.11±2.27 57.77±4.34 23.50 -71 g. u 

" :a 0.025% 19.81±4.12 44.89±1.21 53.56±6.33 69.45±4.34 60.33±6.89 87.32±5.23 69.34±7.11 105.55±9.56 64.10 - 19 "' i;' s 
~ 

... 
.05% 13.45±4.21 21.11±1.11 24.22±5.32 40.31±4.23 40.33±4.78 59.34±5.98 52.43±5.11 85.34±5.49 41.75 -50 "" 0 

"' ..c 

"" 0.1% 15.67±3.12 37.00±1.41 33.11±4.11 31.11±2.11 43.22±3.22 31.21±2.67 61.32±9.31 68.24±4.45 39.87 -52 

Control NA 12.11±2.25 47.11±1.22 74.45±5.67 87.47±4.34 92.55±9.34 147.11±9.78 132.78±10.99 78.21±4.22 83.62 X 
- -- - --

NA: No application, (x): Not applicable 
Treatment was made on 45-50 and 65-70 DAT respectively. Treatments are significant at I %level (CD.=I.73) 



Results and Discussion 

4.4.4.2.2.2. Alternative date applications: The farmers follow optimum 

cultural practice of pesticide applications in different times schedules which 

were grossly irregular. In order to get the best result, application of pesticides at 

suitable time schedules, a study was undertaken. The data were then match with 

those obtained by the farmers in such practices so that an optimum application 

frequency and time schedule can generate. 

Carbofuran and monocrotophos were noted as the most effective 

pesticide in application among the batches in the previous experiments. For this, 

to evaluate the relative efficacy of alternative date application only these two 

pesticides were considered. The pesticides were sprayed either in single, double 

or triple applications. Different combinations of these three timings were given 

at 45-50, 65-70 and 85-90 DAT respectively, designated as 1 '1, 2nd and 3'd 

application. The population was then assessed by light trapping immediately 

day before (DBA) and day after application (DAA) and the yield generation was 

noted at post harvest condition. 

Carbofuran (Table.4.4.5) 

Single dose (SDl, SD2 and SD3): In each category of application 

carbofuran was found effective to drive away the BPH population to the 

extent of more than 98%. However, with the progress of paddy growth the 

efficacy gradually decreased because of canopy compactness.SD2 scored 

maximum yield. 

Double dose (DDl, DD2 and DD3): The best result was obtained at DD 1. 

DD3 and DD2 ranked next in descending degree. In spite of high efficacy 

obtained at DD1, yield loss was high due to the damage of paddy at late 

growth stage. But collectively DD1 yielded maximum. 

Triple dose (TD): BPH infestation was always low m triple dose 

application and paddy yield was maximum. 
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Table.4.4.5: Effectiveness of different modes of application of carbofuran@ 300-4001 (2 kg a.i)/ha (usually used by the farmers) on 

the incidence of the BPH and its their consequences on paddy yield. 

Schedule of pesticide chain application and the time of population assessment 

Times of Sub 
%of Yield 

farmers 1'1 (45-50 DAT) 1'1 (65-70 DAT) 1'1 (85-90 DAT) 
application category adopted q/ha 

1DBA 1DAA 1DBA 1DAA 1DBA 1DAA 

Single SDI 09 1,699 a lib X X X X 27.84 

SD2 14 X X I, 120 a 161 a X X 29.80 

SD3 07 X X X X 1321 a 151 a 28.01 

Double DDI 13 1,351 a 22b 83 abc 13 b X X 33.34 

DD2 18 1432 a 32 b X 503 ab 87 a 31.51 

DD3 12 X X 1457 a 35 abc 419 ab 43 b 33.21 

Triple TD 27 1272 a 12 b 75 abc 09b 52 ab 3c 33.92 

(x): Population assessment was not done 
DBA: One day before application, DAA: One day after application 
Figures mruked with the same letter are not significantly different at 5% level 



Results and Discussion 

Monocrotophos (Table.4.4.6) 

Single dose (SDI, SD2 and SD3): Of all the single dose applications, 

SD2 was found effective and yielded 29.79 q I ha. 

Double dose (DDI, DD2 and DD3): In this case ofDD, DDI was found 

more effective and higher paddy yield was obtained with 32.24 q I ha. 

Triple dose (TD): Highest level of yield benefit was obtained from triple 

dose application due to significantly low pest occurrence. 

Discussion: In comparison of all the treatment categories, SD2 and DD I have 

provided best result. However the efficacy of carbofuran has been higher than 

that of monocrotophos. Each category of application timing caused a steady 

decline of BPH population due to both death and migration. But the population 

again recolonized, settled and attained the maximum level. 

The farmers in the district of Uttar Dinajpur have experienced of periodic 

attack by BPH almost every year causing severe crop failure. It is thus 

more economic for the farmers to adopt SD2 or DDI protection. Although 

triple stage protection is relatively profitable, but it has the short coming of 

higher residual toxicity. 

4.4.4.2.3 Study on the relative impact of the pesticides both on BPH and 

spider population: Farmers frequently applied sub-lethal dose of carbofuran at 

30-35 DAT, at early growth stages of paddy.The impact of such early 

application of carbofuran to the relative dynamics of BPH population and its 

natural spider enemy (L. pseudoannulata) was assessed from their relative 

incidence by comparing the values obtained from pesticide free fields. The 

BPH attack started from the very day of transplantation and maximized at about 

90 DAT after which the population gradually declined. But in case of single 

spray of monocrotophos although the initial population was low a sudden 

explosion of population was noted at 90 DAT, after which there was a steady 

fall in the population. Monocrotophos probably acted as an instigating factor for 

oviposition leading to high population structure. Standing spider population 

could not manage such enormous abundance resulting high field crop damage . . 
(Figs.4.4.11a and b). 
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Table.4.4.6: Effectiveness of different modes of application of monocrotophos@ 3004001 (2 kg a.i)!ha (usually used by the farmers) 

on the incidence of the BPH and its their consequences on paddy yield. 

Times of Sub %of Schedule of pesticide chain application and the time of population assessment Yield 
application category farmers 1" (45-50 DAT) 2"d ( 65-70 DA T) 3"' (85-90 DAT) q/ha 

adopted 

DBA DAA DBA DAA DBA DAA 

Single SDl 04 1,279 d 19 a X X X X 27.64 

SD2 13 X X 1,421 d 219 a X X 29.79 

SD3 12 X X X X 1621 d 290 c 28.01 

Double DDl 13 1,351 d 32 be 153 abc 23 abc X X 32.24 

DD2 17 1432 d 48 be X 713 cd 127 a 31.11 

DD3 16 X X 1457 d 35 a 419 a 43 a 31.91 

Triple TD 25 1272d 15 a 155 c 19 a 132ab 3a 33.72 
- - - L__ ·--L_ -- -

(x): Population assessment was not done 
DBA: One day before application, DAA: One day after application 
Figures marked with the same letter are not significantly different at 5% level 



Results and DiscussiOn 

Spider dynamics showed an agreement with the field abundance of BPH 

population. Although the spider incidence was initiated from the early day of 

transplantation, it increased gradually, peaked at about 90 DA T after which the 

population progressively diminished. Although the population dynam 1cs of 

spider was nearly the same under both pesticide treated and untreated fields, but 

the intensity of population was much higher in unsprayed fields. 

The population of the spider showed a density dependent variation with 

the BPH population. Pesticide application has almost equal impact on the 

pattern of dynamics on both BPH and spider populations. 

Discussion: Pesticide induced resurgence of BPH population due to suppression 

of a mirid predator has been recorded earlier by Dyck and Orlido (1977) But 

very few have been done on the relative acti vity of natural enemies and pest 

status under different pesticide application protocols. 

Reduction in the population of natural enemies following the injudicious 

and rampant insecticide application has been suggested as an important factor 

for BPH resurgence (Kiritani eta/. 1971 , Kiritani 1972). But present findings is 

contradicted by Reissig el a/. ( 1986) who have found that the increase in 

population of different spiders, Cyrlorhinus lividipennis and M1crove/ia 

atrolineata under field conditions is not proportional to the reduction of BPH 

population. These workers have concluded that insecticide induced resurgence 

of BPH population is independent of natural enemy density. That the natural 

enemy destruction is a minor factor in pest resurgence has also been 

corroborated by Chell iah (1979) and Heihrichs eta/. ( 1981 ). It may be the fact 

that instigation for oviposition together with the depleted spider population is 

collectively responsib le for pest out break. 

F rom the present results it appear that stage specific selection of pesticides 

is importan t to control the BPH problem. In areas where BPH activity is 

found endemic, judicious application of carbofu ran in consideration of the 

dynamics of the spider population is understandable. But indiscriminate 

application will result in BPH resurgence. 
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Results and Discussion 

4.4.4.3 Effect of insecticide on the activity of gall midge 

4.4.3.1 Study on the relative efficacy of different pesticides: Relative 

efficacies of five commonly used pesticides to control the GM incidence were 

tested after single dose pesticide treatment at 70 DAT. The average data on the 

number of silver shoot (%) at 95 DAT obtained from each pesticidal protection 

were statistically analyzed (Table.4.4. 7). 

Table.4.4. 7: Field evaluation of the relative efficacy of five granular pesticides 

on the GM population at 90 days after the transplantation (DAT) of the 

seedlings. 

Insecticides 
Silver Shoot (SS%) Percentage of parasitized gall (PG%) 

applied 

u Dose Years of observations Avg. Years of observations ·- . Avg. t 8 (a.ilha) 
~ ~ 

2003 2004 2005 2006 2003 2004 2005 2006 

Carbofuran 
1.00 

13.9 15.7 14.6 17.1 15.10 19.21 21.78 25.15 22.98 2228 
(3.79) (4.02) (3.88) (4.19) (3.94) (4.43) (4.72) (5.06) (4.840 (4.77) 

Phorate 
1.00 

26.55 19.82 21.77 24.21 23.08 7.98 28.73 17.98 22.11 19.20 
(5.20) (4.50) (4.71) (4.97) (4.85) (2.91) (5.40) (4.29) (4.75) (4.43) 

Monocrotophos 
0.50 

12.34 16.21 09.85 13.11 12.87 19.13 11.04 12.21 16.11 14.62 
(3.58) (4.08) (3.21) (3.68) (3.65) (4.43) (3.39) (3.56) (4.07) (3.88) 

Carbaryl 
0.75 

18.41 13.47 09.67 11.01 13.14 13.12 9.02 12.61 08.62 10.84 
(4.34) (3.73) (3.18) (3.39) (3.69) (3.69) (3.08) (3.62) (3.01) (3.36) 

Quinalphos 
1.25 

41.22 28.79 38.65 39.54 37.05 12.32 14.36 09.01 27.11 15.72 
(6.45) (5.41) (6.25) (6.32) (6.12) (3.58) (3.85) (3.08) 5.25) (4.02) 

Contro1 6212 54.12 49.31 5261 54.54 34.44 36.67 27.18 31.11 32.35 
X 

(7.41) (7.39) (7.05) (7.28) (7.14) (5.91) (6.09) (5.26) (5.62) (5.73) 

SE of mean 2.31 1.26 211 232 241 1.88 2.32 1.97 

LSD (p <0.05) 6.62 5.32 3.39 4.42 7.11 3.14 N.S 3.41 

(x)- No pesticide applied 

Figure in the' parenthesis are the transformed value and the standard error (S.E) and LSDs 

referred to this. Figure in the parenthesis are the root mean square transformed value. 
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Monocrotophos was highly effective against GM with least number of 

SS(%) while quinalphos was least toxic. Phorate, carbofuran and carbaryl 

treatment expressed 23.08, 15.32 and 13.14 SS% respectively. However, the 

percentage of parasitized galls (PG"/o) was highest and lowest in case of 

carbofuran and monocrotophos treatments respectively. 

Monocrotophos and carbaryl were found most effective, the former was 

being superior to the latter in respect of SS%. Quinalphos was the least effective 

pesticide to control GM. Action of phorate was less potent than carbofuranThe 

value except control is the mean of three treatments in each year. 

Application of pesticide hampers parasite development. So, selection of 

pesticide should be done judiciously in due consideration of the parasite 

activity. Though SS% formation was comparatively higher under carbofuran, it 

preserves parasitic activity. 

Dash et al (2003) have evaluated the effect of the insecticide chlorphos 

in granular formation against early pests infestation on Jaya variety. They have 

found that the insecticide is promising in reducing the silver shoot incidence 

during the first year, but not in the next year. Such finding reflects that the 

activity of the pesticide is season specific. 

For this, carbofuran is best suitable pesticide for prophylactic control at 

late application. But for GM endemic areas application monocrotophos for 

a short duration is economically compatible than others. As inconsistency 

was noted regarding the efficacy of pesticides which necessities periodic 

assessment before admitting in the schedule. 

4.4.4.3.2 Impact of different mode of applications of different pesticides on 

GM and enemy: Selective role of 5 insecticides against rice GM was tested for 

need based management practices with minimum use of insecticides. 

Carbofuran, phorate, monocrotophs, carbaryl, quinalphos were broadcasted at 
"•'. 

a rate 1 kg a.i. I ha on 50 DAT in a split plot design at seedling stage. Root dip 

treatment of seedlings was carried out with chlopyrifos (Dursban 20) and 

Isophenphos (Oftalon 50) for the main plot and the granular insecticide for the 

subplots, each one in three different replications (Table.4.4.8). 
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Table.4.4.8 Study on the variable mode of application of different types of 

pesticides 

Growth stages at which Incidence(%) of gall midge 
Types of pesticides applied induced damage symptoms and 

treatments 
Root dip Main land 

parasitic activity 

Silver shoot Parasite 

Root dip Chlopyriphos X 39.12 (6.29) 39.81 (6.34) 
application Isophenphos X 24.2 (4.96) 41.81 (6.50) 

Carbofuran.. 13.10 (3.68) 22.26 (4.77) 

Chlopyriphos Phorate. 21.08 (4.64) 19.20 (4.43) 

Monocrotophs. 10.87 (3.37) 15.62 (4.07) 

Root dip 
Carbaryl. 12.14 (3.35) 11.84 (3.51) 

Quinalphos 34.05 (5.87) 14.72 (3.90) supplemented 
by field Carbofuran. 12.10 (3.28) 22.18 (4.76) 

application Phorate. 19.08 (4.14) 19.22 (4.44) 

Isophenphos Monocrotophs. I 0.17 (3.1 7) 14.52 (3.87) 

CarbaryL I 1.14 (3.15) 10.74 (3.35) 

Quinalphos 30.05 (5.52) 12.42 (3.59) 

Control( without treatment) 54.54 (7.41) 42.95 (6.59) 
.. 

(x)- No pesticide application 

Figure in parenthesis indicated square root transformed value 

Root dip treatment: Seedling root dipping in both the insecticides were 

effective against the subsequent GM incidence, chlopyriphos was ihferior to 

isophenphos. Pesticidal protection, 40 days after root-deep treatment, when the 

plant was at late vegetative stage failed almost completely resulting in free 

access to GM. Root-dip treatment in general gave excellent protection to the 

productive tillers to early vegetative stage. But without aoy conceivable impact 

on the activity natural enemies, particularly on Platygaster oryzae, a 

hymenopteran parasite of GM. 

Root-dip treatment supplemented by granular pesticides: In both kharif aod 

bora seasons the incidence of SS(%) was comparatively high in the control 

plots. Root dip treatment supplemented by the granular application of 

monocrotophos restricted the SS% . Carbaryl appeared second best insecticide, 

followed by carbofuran and phorate respectively in descending order. On the 

other hand, quilalphos was least effective. 
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A marginal reduction in SS(%) was recorded in case of only root-dip 

treatment of the seedlings, the effect of which remained effective for 30-35 

days. 

Granular application reduced the activity of the gall parasite to some 

extent. Carbaryl (11.84-10.74%) followed by monocrotophos(15.62-14.52%) 

and quinalphos (14.72-12.42%) expressed lethality in descending order to the 

parasite. However, carbofuran was the least effective pesticide (22.18-22.26%) 

on parasite. 

Discussion: Single root-dip treatment had particularly no effect on the parasite 

which started building after transplantation and maximized at 80 DAT.SS(%) 

was nearly at par with the plots receiving the supplemented doses of treatment. 

On the contrary, root-dip treatment was ineffective against pest incidence. If 

pesticide was applied at early growth stages the activity of the parasite was 

restored. 

Tripathy et a/. (1999) have evaluated the effectiveness of several 

insecticides in Orissa for the control of YSB and GM. They used the 

insecticides in a chain of 10, 58 and 74 DAT. The study indicated that 1.0 kg 

carbofuran I ha (Furadon 3G) has given best result in controlling YSB (1.53% 

DH) 15 days after treatment. and that 0.6 kg isazofos I ha (Mira! 3G) has been 

the best for controlling GM (2.28% SS) on the same time gap of 15 days. But 

the authors have used the pesticides to the higher growth stages of paddy 

disregarding the necessity of protection at early stages. 

So in the areas of high gall midge infestation it is suggested to adopt the 

granular application rather than the root dip protocol. As a routine 

prophylactic measure root dip treatment can be adopted. Further it will be 

prudent to select monocrotophos among the five pesticides trialed during 

early growth stage application. 

4.4.4.4 Effect of application of pesticides on the dynamics of paddy bug: 

Comparative efficacy of different pesticides was tested for controlling PB 

population. During this experiment need based management practices were 

followed.Relative activity of PB was assessed by counting the number of the 
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unfilled grains (UG"/o ). Of all the pesticides tested carbofuran was found least 

effective against the bug population while phorate was noted as the most 

excellent. Monocrotophos followed by carbaryl protection exhibited 15.87 and 

15.17% UG. While quinalphos provided moderate range of protection with 

18.27% UG. The average value of UG% of four consecutive years of control 

fields was up to 38.30 %( Table.4.4.9). 

PB induces maximum damage after panicle initiarion. Maximum damage 

under the application of carbofuran is due to its least lethality to the PB 

population. Application of phorate renders toxicity to the PB thus the 

population is considerably reduced. 

Table.4.4.9: Field evaluation on the relative efficacy of five granular pesticides 

on the activity of paddy bug at the time of harvesting 

Insecticides applied Percentaee of unfilled erains (%) 

Generic name 
Dose Years of observations 

2003 2004 2005 2006 Avg. 

Carbofuran 
1.00 23.3 .28.3 25.4 29.2 26.55 

(4.87) (5.36) (5.08) (5.44) (5.20) 

Phorate 
1.00 14.2 12.4 13.7 16.1 14.07 

(3.83) (3.59) (3.76) (4.07) (3.81) 

Monocrotophos 0.50 16.3 15.1 14.2 17.9 15.87 
(4.09) (3.94) (3.83) (4.28) (4.04) 

Carbaryl 0.75 15.4 14.8 17.2 13.3 15.17 
(3.98) (3.91) (4.20) (3.71) (3.95) 

Quinalphos 1.25 17.9 19.2 19.8 16.2 18.27 
(4.28) (4.43) (4.50) (4.08) (4.33) 

Control X 32.2 40.4 41.1 33.5 38.30 
(5.71) (6.39) (6.44) (5.83) (6.22) 

SEofmean 2.31 1.32 2.51 2.56 
LSD (p <0.05) 6.61 3.40 7.14 5.21 

(x)- No pesticide applied 

All the value except control is the mean of three treatments in each year. Figure in the 

parenthesis are the transformed value aod the staodard error (S.E) aod LSDs referred to this. 

Figure in parenthesis indicated square root traosformed value 

4.3.5 Effect of pesticide on YSB in different season: The relative seasonal 

performance of the 5 commonly used pesticides against YSB attack was 

evaluated in two seasons in Swama Mashuri (MTV 7029) fields. 
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Pesticides were applied in a chain on 30, 50, 70 and 90 DAT in both the 

seasons. The damage symptoms were counted by quadrate estimation (Smt x 

Smt). The average results of the four consecutive years are tabulated in terms of 

the number ofDH at 75 DAT and WHat harvest (Table.4.4.10). 

Table.4.4.10 Effect of pesticide on YSB induced damage symptoms in different 
seasons (Smt x Smt) 

Name ofthe pesticide with kharifcrop boro crop 
application rate 

Applied 
Generic name dose DH WH DH 

(kg/ha) 

8.7 c 389.2 f 5.1 d 
Carbofuran 1.00 

(3.03) (19.74) (2.36) 

10.4 e 372.2 f 6.2 be 
Phorate 1.00 

(3.30) (19.30) (2.58) 

Monoerotophos 0.50 
6.0 be 391.2f 5.3 b 
(2.54) (19.79) (2.40) 

9.5 be 357.3 f 5.5 b 
C_arbary1 0.75 

(3.14) (18.91) (2.44) 

Quinalphos 
9.7 be 344.1 f 6.7 be 

1.25 
(18.56) (2.68) (3.19) 

13.1 a 397.2 f 9.4 be 
Control X 

(19.94) (3.68) (3.14) 

(x)-pesticide not applied 

Figure followed by the same letters are not significantly different at 5% level 

Figure in parenthesis indicated square root transformed value 

kharif season 

WH 

260.6 d 
(16.15) 

234.1 e 
(15.31) 

297.4 d 
(16.96) 

276.2 d 
(16.26) 

284.4 d 
(16.87) 

310.2f 
(17.62) 

Dead heart: The appearance of DH was relatively low in case of of 

monocrotophos, followed by carbofuran application in ascending order. 

Carbaryl application restricted the formation of DH at moderate level 

(9.4-5.5 damaged tillers I quadrate). The result with quinalphos was in 

almost the same degree with carbaryl where DH occurred up to 9. 7 

damaged tillers I quadrate. Phorate was found least effective against YSB. 
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White head: Least number of WH was found in fields treated with 

quinalphos followed by carbaryl. Phorate ranked next. The efficacy of 

carbofuran to protect WH was relatively lower than that of Phorate. 

Monocrotophos was found least effective producing maximum number of 

WH. 

boro season 

Dead heart: The protective function of carbofuran, carbary I and 

monocrotophos remained almost the same during boro season. Quinalphos 

and phorate were found equally effective. 

White head: Least number of WH was found under phorate application. 

WH comparatively increased under carbofuran treatment. Carbaryl and 

quinalphos ranked second and third respectively afterwards in 

consideration of the numerical abundance of WH showing no significant 

difference. Of all the pesticides, monocrotophos was found least effective 

to control WH. 

Discussion: The efficacy of pesticides to control the DH and WH are season 

dependent. In kharif season monocrotophos was best effective in early growth 

stages of paddy, but quinalphos was effective during late growth stages. A 

reverse result was found with carbofuran and carbaryl in kharif season, 

carbofuran was effective in early growth stage while carbaryl in the late growth 

stage. In areas where borer incidence was endemic, it is reasonable to apply 

monocrotophos at early growth stage followed by carbofuran and carbaryl. 

While in the late growth stage quinalphos is to be followed by carbaryl for 

effective control of YSB than carbofuran or monocrotophos. 

Monocrotophos was found effective in both early and late growth stages 

of paddy during boro season. Further, the activity of carbaryl and carbofuran 

was higher in early growth stages. Protective function ofphorate was relatively 

better in late growth stages during boro crop. Quinalphos was least effective in 

both the stages. During boro season phorate proved better at late growth stage 

in respect ofthe number ofWH. Again in consideration ofDH carbofuran was 

more effective at early growth stage. However, in kharif season protectional 
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activity of carbofuran and quinalphos were efficacious in the early growth 

stages. Activity of phorate was better in the bora season. 

The rainfall and temperature had profound influence on the action of the 

pesticides. As the same pesticide showed different degree of effectiveness in 

different seasons, the selection of the pesticides should be done in due 

consideration of the time of cultivation and the prevailing agro ecological 

conditions. 
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4.5 Growth Stage Specific Application of Fertilizers 

Nitrogen is one of the foremost nutrients which are required in 

proportionate amounts at mid-tillering and panicle initiation stages of the paddy. 

Significant increase in grain yield was observed by Rao eta/. (1962) using split 

application of nitrogen. An integrated N management practices for sustained 

high yield and to suppress the pest population is thus inevitable. 

With this objective, three doses of urea ( 40, 80,120 kg I ha) and three 

modes of applications (mud ball, band placement and split applications) were 

trialed and corresponding level of incidence and damage by YSB and BPH was 

assessed. Side by side the effect of application of three organic sources 

(decomposed cow dung, paddy straw and dhaincha) upon the pest bionomics in 

relation to yield attributes is also separately noted aiming to suggest a more 

suitable integrated application of organic and inorganic fertilizer, thus the pest 

infestation will be the least without compromising the yield generation. When 

considering each treatment, in relation to the main land, seed bed also received 

the same type and proportionate dose of fertilizer. 

4.5.1 Effect of inorganic fertilizers 

4.5.1.1 On Yield attributes: Yield of paddy was assessed in three replications 

under three alternative modes of different doses of fertilizer (Fig.4.5.1a). 

By urea mud ball application: Urea mud balls (r = 4 em) of three different 

dosages (40, 80, 120 kg I ha) when applied to the paddy fields (100 x 100 mt.) 

equidistantly (2.5mt.) at early vegetative stage, remarkable increase in grain 

production was noted against control. Higher the doses of fertilizer higher were 

the yield. The highest yield (34.71q I ha) was obtained after application of 120 

kglha while the least was scored in case of 40kg I ha. 

By band placement: Consequences of using of granular urea by 'bands' in 

three different dose specific applications were studied. Application of 120 kg/ha 

caused a substantial increase in yield (31.97q I ha) over control. The other two 

doses 80 kglha and 40kg I ha recorded 30.12 and 24.37 q I ha respectively. 
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By split application: Effect of split application on the over all final yield was 

recorded in three phases: 

70% basal (BSL) + 30% at panicle initiation stage (PIS): The highest 

yield of 31.67 qlha was obtained when urea was applied at 120 kg I ha, 

which was a marginal increase over the band application with the same 

dosage. 

35% basal (BSL) + 35% at 10 DAT + 30% at panicle initiation stage 

(PIS): As the dosage of fertilizer was increased, the quantum of 

production was enhanced accordingly with a maximum production of 

32.20 q I ha with an input of 120 kg I ha urea. 

60% 10 DAT + 25% at maximum tillering stage (MTS) + 15% at 

panicle initiation (PIS): A substantial increase in yield over the other two 

split applications was recorded. The highest grain yield (35.12q I ha) was 

obtained at 120 kg N I ha. 

Table.4.5.1: Relative cost: benefit ratios due to 120 kg inorganic N application 

by different modes 

Mode of fertilizer applications C:B benefit 
Urea mud ball placement 1:1.60 

Band placement 1:1.57 
70% basal(BSL)+30% at panicle initiation stage 

1:1.60 (PIS) 

Split 35% basal(BSL) +35% at 10 days after 

application 
transplantation ( I 0 DAT) + 30% at panicle 1:1.62 
initiation stage (PIS) 
60% basal(BSL)+25% at maximum tillering stage 

1:1.65 (MTS) + 15% panicle initiation stage (PIS) 

Amongst treatments, maximum benefit was obtained from the three split 

application while the least was obtained in urea mud ball placement 

(Table.4.5.1). 

Dose dependent applications of fertilizer in relation to the growth stages 

of paddy yielded variably. In all the cases, as the dose of fertilizer was 

increased, there was considerable yield gain over the control. 
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In all the modes of application, urea mud ball placement was found 

more effective than the 'band placement'. The mud in balls of urea acts as 

regulator, controlling the N availability. Band placement faced the unavoidable 

run off of the field during irrigation at late vegetative stage. 

Both the 'three step spilt' applications were found economic. But, as the 

number of splits increased, labour cost became high. But three stage split 

application was proved more economic with better cost effectivity by high yield 

generation. 

The result of present study has been in consonance with the observation 

by Dikshit et at. (1982) who also have obtained the proportional increase of 

yield with three step split applications. But Pillai (1979) and De Datta (1981) 

have reported that deep placement of nitrogen was superior to all other methods. 

Split applications of 120 and 80kg I ha nitrogen have resulted 97% and 

61 % more yield respectively over no urea input as experienced by Mohapatra 

eta/. (1982) and Verma et a/.(1988). Maximum N use efficiency (45%) oflow 

land rice has been recorded with 2 splits (50% basal+ 50% at panicle initiation) 

application of 30kg N I ha. On the contrary, Paul (1994) has suggested that the 

application of urea in three equal splits at basal, maximum tillering and panicle 

initiation stages maximizes the yield. Englested et a/. (1975) have also 

observed that the mode of application and the applied doses of fertilizer are 

directly related to the agro-ecological conditions as prevailed in the tropics. A 

study by Islam eta/. (1990) has shown that time specific application of fertilizer 

in consideration of the cultivar and the growth stages of paddy have a positive 

impact on the grain protein content. To economize the benefit Khilael et a!. 

(2004) has suggested to rely on the different required doses and fertilizer 

application devices depending on the agro-ecological conditions of the locality. 

Reddy et a/.(1986) have found that balanced application ofN and Pis necessary 

in optimizing the rice yield. Ghosh (1984) has noticed that the rice variety 

Pankaj in West Bengal, has responded well to the high dosages of nutrients up 

to certain limit. Rao and Raju (1987) have stated that improved grain yield is 

possible with every increase inN level up to 120 kg I ha. 
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Hussain et a/. (1991) have shown that the tissue responsiveness 1s 

variety dependent and that IR 36 and Mashuri may yield to the extent of 4. 59 

and 4.38 ton I ha respectively with the same dose of 80 kg. N I ha. Dhal eta!. 

(1994) have established that higher the doses of fertilizer, higher will be the 

production and the maximum quantity grain can be produced from the 

application of 120 kg urea I ha. Dahiya eta/. (2004) have found that application 

of inorganic fertilizer in supports of organic matrix enhances the utilization of 

N. 

From the earlier and present results it is apparent that the average yield 

attributes and grain yields differ significantly in relation to the time of 

application of nitrogen fertilizer. The N use efficiency of rice is comparatively 

high in split applications in comparison to other application strategies due to 

the reduced N losses and better utilization by paddy plant of the phase wise 

added N. But, in split application, the N use efficiency was decreased with 

increasing N levels from 80 to 120 kg N I ha. 

4.5.1.2 On pest incidence: As the consequences of high doses of fertilizer are 

more profound on the activity of YSB and BPH, a holistic approach of study 

was undertaken to understand the dose dependent change of population 

structure, if any, of these two pests at kharif season. 

Dynamics of YSB: A persistent high level of YSB population was observed 

from early vegetative to tillering stages irrespective of the dose and mode of 

applications in consideration of control of no fertilizer application. However, 

low pest incidence was recorded in the split applications. The frequency was 

nearly the same when urea applied either by mud ball or two splits (70% basal + 

30% panicle initiation ). As the growth stages of paddy progressed, intensity of 

YSB population gradually increased. Appearance of DH and WH was initiated 

at about 35 and 75 DAT respectively, irrespective of the mode of applications. 

The highest occurrence ofYSB was observed when 120kg N /ha was applied to 

the field (Fig.4.5.lb). 
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Fig. 4.5.2: Integrated inorganic and organic N fertilizer applications and 
consequent occurrence of WH. a-e: Layout for all the 14 fertilizer 
combinations, f-i: consequent extent ofWH at 90 DAT; f: FTl , g: FT9, 
h: FT4, i: FT13 (Table 3.11). 
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The overall average value ofDH and WH varied from 20.1 to 28.2 I 200 

hills and 13.7 to 19.8 I 200 hills respectively. The frequency of DH was 

intensified with the increase of the dose of nitrogen between 40 and 80 kg N I 

ha. Similarly, WH was also intensified with the rise in the dose of nitrogen to 

the extent of 15.5-19.8 I 200 hills with the input of 120 kg Nlha. In untreated 

control plots the incidence of WH was about 13.7% against the treated fields 

(Table.4.5.2). 

Table.4.5.2: Effect of different doses and modes of fertilizer application on the 

occurrence ofDH and WH 

Dose of Mode of application Symptoms of stem borer I 200 hills 
fertilizer Dead heart(DH) White head(WH) 
(kg/ha) 
0 NR 20.1±2.4 13.7±2.1 
40 Mud ball placement 21.1±3.2 14.6±2.3 

Band application 22.1±2.4 15.8±3.5 
Split application 20.3±4.1 13.9±3.1 

80 Mud ball placement 24.7±2.1 15.5±2.7 
Band application 25.6±2.5 17.8±2.5 
Split application 23.9±2.8 16.4±2.3 

120 Mud ball placement 27.1±1.9 17.2±2.1 

Band application 28.2±2.1 19.8±2.7 
Split application 25.1±2.3 16.8±2.2 

NR- no recommendauon 

Discussion: Result of the present study is in consonance with the observation 

by Duerden (1953) who has demonstrated that the application of N fertilizer 

exerted profound effect on stem borer complexities. The influence of chemical 

fertilizers on the incidence of stem borer has also been reported by Ishii and 

Hirano (1959), Israel and Vedamoorthy (1963), Saba and Saharia (1970), 

Hirano (1971), Prakasa Rao (1972), Raj and Morachan (1973), Kisimoto 

(1977), Nath and Sen (1978), Palachamy and Nagarajan (1978) and Saroja and 

Raju (1981 ). All these findings corroborate the positive impact of high doses of 

inorganic N on the incidence of YSB. Prasad et al. (2004) have recorded a 

significant level of DH at 200 kg N I ha (6.2%) followed by 120 kg N I ha 

(5.4%) and lowest at no Nlha application (4.8%). In case of200 kg N I ha, WH 
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%has been significantly more (11.7%) than in case of 120 kg N I ha (9.5%) as 

against no N input (8. 0% ). 

Application of higher doses of fertilizer induces metabolic activity of 

plants, thereby promotes growth which in turn encourages the pest incidence 

and damage. A higher dose increases the girth and internodal length of the stem 

making it more spacious for larval boring and subsequent accommodation and 

hence imparts greater survival value to the larvae. Ghosh (1962) extrapolated 

the relationship between nitrogen applications and stem borer incidences and 

found that the variable water content in stem and leaves of plants in relation to 

the applied N facilitated stem borer to prefer for oviposition and the subsequent 

easy penetration of the neonates. Nishida (1975) suggested that nitrogenous 

fertilizers encouraged the thickness of the rice canopy which created humid and 

shaded microenvironment conducive for the insects to multiply. 

Abro eta!. (2003) have suggested an adoption of resistant variety rather 

than fertilizer management in due consideration of the agro-ecological 

conditions to combat YSB activities. After studying the regular occurrence of 

Sesamia cretica Evaristo (2000) of Portugal has concluded that the incidence is 

dose dependent. Jiang et a!. (2003) in China have found a positive interaction 

between the C. suppressalis larvae and paddy plants in response to N 

application. Khan eta!. (1991) have suggested a growth stage specific effective 

application of inorganic fertilizer to minimize YSB damage. 

Dynamics of BPH: Irrespective of the mode of application, in all the cases 

higher the dose of fertilizer higher was the BPH abundance. Rapid colonization 

followed by speedy multiplication of the pest was noted. 

The impact of different doses of urea on the dynamics of BPH 

population from early vegetative stage was studied. Comparatively high level of 

pest incidence was recorded in case of band placement followed by in 'two step 

split' application. The least incidence was noted in 'three split' applications 

(Fig.4.5.lc). 

Estimation (individuals/me) under three split application denotes two 

definite peaks, one major at about 60-70 DAT following a minor at about 120 
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DAT. The height of the peak was proportional to the fertilizer doses. The 

highest peak was noted when 120 kg N/ha was applied and the least was 

recorded in fields without urea input. Both the peaks were preceded and 

followed by decline of population due to the quick migration of BPH to the 

nearby field (Fig.4.5.1d). 

Discussion: In a trial at IRRI (1963, 1998), three consecutive peaks have been 

noticed. Each peak has followed by a rapid fall. Contrary to this, in the present 

study of two peaks the nature of the depletion of the population after the peak 

formation differs suggesting the persistent occurrence. Kulshrestha (1974) and 

Abaraham et at. (1975) have observed that high doses of inorganic fertilizer in 

some plots in Kerala have directly induced BPH out break. Baskaran et at. 

(1983) have found a similar result from South Arcot district, Tami Nadu. BPH 

has been found to attain the major pest status resulting in hopper burn in some 

areas ofKerala following fertilizer application (Das et at. 1972). A high level of 

BPH of 150 individuals/hill has been found proportional to the N fertilizer input 

(Uthamasamy et at. 1983). Feng et at. (2001) have found that migration ofBPH 

is directly related to the cultural practices including fertilizer applications. 

The farmers who used high doses of N/ha fertilizer suffered from losses 

from hopper burn. Therefore, the present result and similar earlier observations 

suggest that a high input of N fertilizer should not be given particularly in those 

areas where BPH frequently causes menace, rather a moderate dose may be 

recommended. 

Present findings show that about 80 kg N!ha though increases the pest 

density significantly above that of the control, but the effect lasts for only a 

short period in the first pest generation. However, the density of BPH/mt2 

attains peak when the plants are treated with 120kg N/ha and the high BPH 

population continues for a prolonged period. 

Direct application of urea granules immediately causes the flourishing of 

foliage which provides adequate nutrients to the BPH. Applications of urea in 

different split proportions allow availability of nitrogen to plants slowly. This 

may be the cause for low level of BPH occurrence but for a relatively longer 
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time. Dose dependent physiological alterations in the paddy plant have been 

noted, which in turn induce the pest abundance. Application of higher doses of 

fertilizer at early stage causes luxurious growth and foliage development alters 

the microclimate environment which provides suitable niche for BPH 

multiplication. Split applications of fertilizer at three growth stages of paddy 

have been found to maintain the pest level within the limit of management. 

4.5.1.3 .On the incidence of natural enemies 

The population of natural enemies were periodically assessed by hill estimation 

after 120kg urea/ha input from the very beginning of the vegetative stage to 

tillering stage fortnightly. The pooled average value obtained from four years 

count on population was considered (Table.4.5.3). 

Table.4.5.3: Effect of inorganic fertilizer on natural enemies (Individuals I hill) 

Natural Dynamics of po ulation in relation to DAT 
enemy 15 30 45 60 75 90 105 120 135 

Spider 
0.12 0.27 0.32 0.48 0.57 0.72 0.62 0.58 0.41 

(0.79) (0.88) (0.91) (0.99) (1.03) (1.10) (1.06) (1.04) (0.95) 

Bug 
0.09 0.12 0.42 0.57 0.68 0.98 0.84 0.66 0.40 

(0.77) (0.79) (0.96) (1.03) (1.09) (1.22) (1.16) (1.08) (0.95) 

Beetle 
0.21 0.33 0.39 0.74 0.82 0.97 0.61 0.53 0.36 

(0.84) (0.91) (0.94) (1.11) (1.15) (1.21) (1.05) (1.01) (0.93) 

Fly 
0.02 0.18 0.34 0.53 0.61 0.80 0.55 0.39 0.10 

(0.72) (0.82) (0.92) (1.01) (1.05) (1.14) (1.02) (0.94) (0.77) 

Figure in parenthesis are square root transformed value 

Spider: From the period of early vegetative stage, the level of spider population 

was very low. From the late vegetative stage the population increased rapidly 

with an average level 0.27 individual/hill.Comparatively a high range of0.57 to 

0. 72 individuals I hill was observed in the reproductive stage. Population 

remained nearly unchanged throughout the ripening stage. However, at the end 

of the ripening stage the population decreased rapidly. 

Bug: In the early vegetative stage, the population of bug was in traces. Very 

low population with an average 0.09 individual/hill was noted at the mid 

vegetative stage. But the level gradually elevated and maximized at late 

vegetative stage. Through out the reproductive stage a steady level of bug 
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population was maintained with an average value 0.57-0.98 individual I hill. 

The population declined steadily from the middle of the ripening stage. 

Beetle: Very low population was recorded in the early vegetative stage with the 

average value 0.21 bug I hill. An average population of 0.33 individuals I hill at 

mid vegetative stage increased up to 0.97 individuals I hill in the late stage. No 

noticeable variation of beetle number occurred at the reproductive and ripening 

stages. The average number ranged from 0.53 to 0.63 individual I hill. 

Fly: The early level of fly population was very low with 0.02 Individual/ hill. 

Moderate level of population was scored at the late vegetative stage. No major 

alteration in the mean population of fly was found in the next growth stage with 

a value ranging from 0.88 to 0.69 individual/ hill. A change of fly population at 

early ripening stage was observed. However at late ripening stage the 

population decreased steadily with an average value 0.29 individual I hill. 

Discussion: In general with the highest dose of urea all the natural enemies 

remain at a higher number at early growth stages. With the advancement of the 

growth the populations built up rapidly reaches to the highest level at the mid 

growth stage (tillering stage) after which it declined rapidly. 

4.5.2 Effect of organic fertilizers 

4.5.2.1 On yield attributes 

Relative efficacies of organic fertilizers prepared from three different 

sources were tested in different proportions during kharif season only and 

accordingly the yield potentiality was analyzed. The control plots did not 

receive any fertilizer. Organics were always added at the time of land 

preparation (Fig.4.5.1g). 

Rice straw: Decomposed rice straw of 60 days old when applied at the rate of 

750 kg I ha, there was a substantial increase in yield. 

Cow dung: Three different dosages of decomposed cow dung were used. The 

highest yield generation was obtained with 750 kg I ha. 
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Dynamics of YSB: Noteworthy differences in YSB population were noted in 

comparison to that obtained with inorganic fertilizer. Least number of YSB was 

noted in case of Dhaincha. But the use of decomposed rice straw comparatively 

accounted high. Such enhanced activity was due to the presence of hibernating 

larvae in the stubbles because of improper and incomplete decomposition 

(Fig.4.5.1f). 

Dynamics of BPH: Except the decomposed rice straw, cultivation using cow 

dung or Dhaincha has resulted in nearly same range of BPH occurrence at 

maximum tillering stage. Application of rice straw causes a fibrous matrix in 

soil, a condition retains water and hence maintain high humid microclimatic 

niche congenial for BPH accommodation (Fig.4.5.1e). 

Table.4.5.4: Correlation between the applied fertilizer doses and the incidence 

paddy pests in the variety Swama Mashuri 

Applied dose of 
fertilizer 
(kg/ha) 

0 
250 
40 
500 
80 
750 
120 

(·):not applicable 
*Significant at 5% level 

Source 

-
Organic 

Inorganic 
Organic 

Inorganic 
Organic 

Inorganic 

Values of correlation in relation 
to pest incidence 

YSB BPH 
0.236 0.344 
0.211 0.242 
0.513* 0.473 
0.321 0.276 
0.743* 0.699* 
0.432 0.511* 
0.856* 0.911* 

YSB showed significant positive relation when the applied doses of 

inorganic fertilizer was incrementally increased from 40 to 120 kg I ha. While in 

case of BPH irrespective to the source, both organic and inorganic fertilizer 

narrated significant positive relation at the higher doses (Table.5.4.4). 

4.5.2.3 On natural enemies 

Spider: After applying organic fertilizer, throughout the early vegetative stage 

the population was very low, improved rapidly from the late vegetative stage 

with an average 1.10 individuals I hill. A high range of population of 1.69-2.10 

individuals I hill was observed at the reproductive stage especially at the end of 

220 



I 

Results and Discussion 

tillering stage. At the end of the ripening stage the number declined steadily. At 

maturation stage the population was relatively low (Table.4.5.5). 

Table.4.5.5: Effect of organic fertilizer on natural enemies (Individuals/hill) 

Natural Dynamics of po~ ulation in relation to DA T 
enemy 15 30 45 60 75 90 105 120 135 

Spider 0.78 1.10 1.29 1.44 1.69 2.10 1.82 1.63 0.94 
(1.13) (1.26) (1.34) (1.39) (1.48) (1.61) (1.52) (1.46) (1.20) 

Bug 0.22 0.35 0.49 0.58 0.79 1.40 1.00 0.81 0.61 
(0.85) (0.92) (0.99) (1.04) (1.14) (1.38) (1.22) (1.14) (1.05) 

Beetle 0.19 0.28 0.41 0.69 0.88 1.90 1.10 0.76 0.32 
(0.83) (0.88) (0.95) (1.09) (1.17) (1.55) (1.26) (1.12) (0.91) 

Fly 0.06 0.14 0.41 0.53 0.64 0.90 0.55 0.39 0.10 
(0.75) (0.80) (0.95) (1.01) (1.07) (1.18) (1.02) (0.94) (0.77) 

Figure in parenthesis are square root transformed value 

Bug: Throughout the early vegetative stage the population was relatively low. 

Very low population of 0.49 individuals I hill was noted at the late vegetative 

stage, attained a high of 0.58 individuals I hill at reproductive stage. Tillering 

stage maintained an average of 1.20 individuals I hill. The population steadily 

decreased from the mid ripening stage. 

Beetle: Very low population was recorded throughout the early vegetative 

stage with 0.22 individuals I hill. The average population of 0.49 I hill at late 

vegetative stage was increased to 0.58 individual I hill in the late vegetative to 

early reproductive stage. The incidence was further heightened up to 1.10-1.90 

individual/hill throughout the reproductive to ripening stage of paddy. 

Fly: The initial low population of 0.06 individual I hill increased to 0.64 

individual I hill in the late vegetative stage and 0.90 individual I hill at 

reproductive stage (tillering stage). At the ·late ripening stage the population 

declined steadily. 

Discussion: In case of all the enemies, the appearance and increase of number 

remained limited up to early growth stages. With the advancement of growth 

stages the populations grew rapidly reaching the maximum at the mid growth 

stage after which the population declined rapidly. 
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Spider and bug population increased following the application of the 

organics while the number of beetle and fly remained unaltered. Low 

canopy compactness due to the application of the organics generates 

available spaces for the foraging behaviour of the natural enemies. Low 

canopy is further suitable for the decoration of the webs for the webers. As 

the activity of the beetle and fly was much more restricted to the upper 

part of the canopy the effect of fertilization had very little effect. 

4.5.3 Growth stage specific application of both organic and inorganic 

fertilizers in an integrated manner: Efficacy of the inorganic fertilizer to 

boost very high yield is very encouraging in comparison to the yield potentiality 

with organic fertilizers of the doses that ensure same quantity ofN availability. 

For this reason adoption and application of the inorganic N were profound 

among the farmers. But the intensity of the pests is amplified with the higher 

doses of inorganic N input and destroys soil health. Therefore, an integration 

between the two sources of fertilizers with proportionate and growth stage 

specific applications can offer a better alternative solution with marginal 

conciliation to the yield, retaining quality of the produce, health of both soil and 

ecosystem. With this objective a study was undertaken to find out suitable 

proportions of both inorganic and organic sources of N and to find out the 

consequent pest and enemy population status (Table.3.8.2.2 in materials and 

methods). 

9 combinations of inorganic and organic fertilizer (FT3 to FT II) were 

used. 5 controls were maintained, two exclusively with urea of different 

proportional applications (FTI and FT2), two exclusively with organics of 

different proportional applications (FT12 and FT13) and the remaining one 

without fertilizers (FT14). So collectively 14 fertilizer treatments were 

considered. Urea and decomposed Dhaincha was considered as the prime 

source of inorganic and organic fertilizer respectively. Organic, if applied, was 

added during land preparation while inorganic was offered in relation to the 

growth stages of paddy (Fig.4.5.2). 
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4.5.3.1 Yield attributes resulted from split application: Yield attributes and 

pest bionomics were evaluated against 14 different fertilizer treatments. 

Plant height (em): The highest average plant height of 128.5 em was observed 

in FTI and FT11 but with no significant difference. The lowest plant height was 

noticed in FT14. The other FTs produced plant heights variably intermediate 

(Fig.4.5.3a). 

Effective tiller number: No significant difference was observed when FTI, 

FT2 and FTll separately were in practice. Further FT2, FT5 and FT11 resulted 

same number of effective tillers. FT5, FT6 and FT9 differed insignificantly in 

respect of result. FT8 and FT7 gave similar output. Further, the results varied 

insignificantly when FT7, FTIO and FT12 were separately in practice. Although 

the least number of effective tillers were scored in FT14, but it also differed 

insignificantly from FT12, FT4, FT13, FT3 (Fig.4.5.3b). 

Panicle length (em): Highest length of panicle was observed in FTI followed 

by FT2 with the respective value 25.4 and 25.1 em. FT5 and FTII did not vary 

significantly. The value ofFT6 and FT13 were nearly same. FT3, FT4, FT9 and 

FTIO, showed insignificant difference.FT7,FT8 and FT12 showed a hierarchical 

representation with a varied level of panicle length. The least level of plant 

height was scored in FT14 (Fig.4.5.3c and 4.5.6). 

Grain number I panicle: Nearly all stages of fertilizer application differed 

significantly in consideration of the generation of the grains per panicle. The 

highest grain number was obtained in FTI followed by FTll.While the least 

level of grain number was scored in FT14. FTJ and FT9 did not vary 

significantly. FT7 and FTIO had nearly same impact on the grain number. The 

result was insignificant in case of FT4 and FT13.The remaining application 

stages showed varied level of plant height (Fig.4.5.3d). 

Grain yield: The highest level of yield generation was obtained in FTI 

followed by FTll, FT2, FT5, FT6, FT8, FT9, FT7, FTIO, FT12 and FT13 in 

descending order. FT3 and FT4 insignificantly differed in consideration of the 

grain production. The least level was observed in FT14. The other application 

stages showed variable ranges of effect on yield formation (Fig.4.5.3e). 
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Fig. 4.5.3: Effect of different integrated combinations of inorganic and 
organic N fertilizers on the yield attributes of paddy. 
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Discussion: FT11 treatment (inorganic 50: organic 50) showed nearly the sa111e 

functional efficacy like FTl (inorganic 100: organic 00) application. FTl and 

FT2 did not differ in overaii split share but varied regarding the time of 

application. Proportional decrease of the amount of inorganic fertilizer at early 

vegetative stage in FT2 in comparison to FTl caused the nutrient deficiency 

which resulted a steady decrease of the yield. Although same doses of fertilizer 

were employed in FT3, FT5 and FT4 (inorganic 75: organic 25) but the pattern 

of yield generation considerably differed. Proportionately low doses of 

inorganic fertilizer input at 10 days after transplanting reduced the yield 

generation in FT 4. Restricted N availability at vegetative stage in FT7 had 

lowered yield attributes than FT8. Proportionately equal doses(inorganic 50: 

organic 50) of split application was adopted in FT9, FTIO and FT11 in which 

FT11 showed more functional efficacy foiiowed by FT9 with variable yield 

attributing characteristics. The adoption ofFT12, FT13 stages with only organic 

sources could not meet the proper N requirements resulting the reduction of the 

yield. Least yield was generated under FT14. 

Sarder eta/. (1988) have claimed that combined (inorganic + organic) 

high N input promotes panicle length and total number of grain I paniCle and 

thus generated high yield. Sekbar and Prasad (1989) have also obtained a 

similar result. Contrary to the present findings, Srivastava eta/. (1984) observed 

that rice straw and grass could sufficiently act as manure for the transplanted 

rice. 

Basicaily organic sources ofN acts as 'bio-regulator' and thus functions 

as a slow N releaser avoiding N loss. It thus supports plant growth in early 

vegetative stage. But an instant supply of inorganic N is required at tiiiering 

stage and early reproductive stage (panicle initiation stage). The efficacy of 

plants to utilize inorganic N is also increased at this stage due to augmentation 

ofN loss by volatization and reciprocal shading of plant canopy. 

Growth stage specific application offertilizer has also been suggested by 

various authors (Piiiai 1979, Dikshit et a/. 1982, Mohapatra et a/. 1982). 

However, they rely on only inorganic N, as is the practice among the farmers, 
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and their split applications do not match with the 'fertilizer use protocol' of the 

present study. 

Yield economics: The yield attributes and the cost: benefit (C: B) ratio differed 

significantly among the different combinations of inorganic and organic 

fertilizers. Fill was superior to the other split applications. Greater the 

proportion of inorganic fertilizer higher was the yield attributes. But in 

collective consideration, not all the organic proportions are equally economic. 

Of all the treatments the highest economic value was obtained in Fil with a 

C: B of 1: 1.68. FT2 and Fill had similar cost competence with a ratio 1: 1.66 

although the nature of split proportion varied. The lowest C:B value of 1:1.49 

was obtained from Fil4 treatment (Table.4.5.6). 

Table.4.5.6: C:B ratio obtained after 14 different combinations of integrated 

inorganic and organic N 

Fertilizer combinations with C:B value 

IT! IT2 FTJ IT4 ITS IT6 IT7 ITS IT9 FTlO ITll IT12 ITIJ IT14 

1.68 1.66 1.60 1.59 1.57 1.58 1.57 1.59 1.60 1.62 1.66 1.65 1.65 1.49 

In Fill, the crop is fertilized with both inorganic and organic fertilizer 

in equal proportion. 50% of the total application is organic and applied at land 

preparation. Inorganic proportions are applied at 20% in the 1" split (10 DAT) 

+ 20% in the 2"d split (Maximum tillering stage)+ 10% in the 3rd split (panicle 

initiation stage) which has resulted in the highest number of panicles signifying 

a greater accumulation of dry matter. Fill achieved nearly C: B value, similar 

to that ofFTl with only inorganic input. 

4.5.3.2 On the occurrence of insect pests 

Yellow stem borer (Fig.4.5.4a) 

Adult moths: Highest incidence of YSB was noted in Fil (7.5 individuals I 5 

hills) while the least was in Fill (2.3 individuals/Shills). No noteworthy 

difference was observed between FT13 and FT14. Though the number of the 
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moths was low there were differences between the control and FT2, FT5 and 

FT6. 

Symptoms 

Dead heart (DH): High DH number was observed in FTl (7.0 DH I 50 

hills) while the least was scored in case ofFTl1 (2.4/50hills). 

White head (WH): Highest number ofWH was noted in FT6 (3.5 WH I 

50 hills) while the least was scored in FTll (2.2 WH /50 hills). 

Application of only inorganic fertilizer as a chief N source causes greater 

luxuriant foliage, higher internodal space with greater lumen dimension and 

deep green nutritious foliage all of which provide suitable environment for YSB 

attraction, colonization and subsequent multiplication. Application of the 

organic and inorganic fertilizer in equal proportion as in case of FT11 or 

organic fertilizer alone lowers the available field N resulting in impairment of 

all the attributes congenial for YSB attack, hence the paddy suffers less from 

YSB damage. 

Brown plant hopper (Fig.4.5.4b) 

Adult: Of all the treatments, FTl supported highest number of BPH (21 

individuals I hill) against the control, FT14 (13.40 BPH I hill). The lowest 

number (6.11/ hill) was observed in FTll. 

Symptoms 

Damaged leaf area (DAL %): Relative damage profile (%) of flag leaf 

was considered as the activity of the BPH. The Highest DAL% was 

observed in FT1 (41.01 %) and the lowest (9.47%) in FT11. 

Proportional application of organic and inorganic fertilizer in 

combinations had resulted different level of damage by BPH. In case of 

inorganic fertilizer alone (FTl) about 75% DAL was recorded out of more 

than 40% of the flag leaves. In case of only organic fertilizer (FT13) the 

extent of damage was some what reduced. Application of organic and 

inorganic fertilizer in equal proportion (FT9) had resulted in the 

occurrence of low magnitude of damage, 18% leaves having 75% DAL 

was noted. 
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Gall midge (Fig.4.5.4c) 

Adult: FTI enhanced GM population ( 4.11 individuals I hill). Here too, the 

lowest number was recorded in case ofFTll ( 0.12 GM I hill ). 

Symptoms 

Silver shoot (SS%): SS(%) scored maximum in case ofFT1(40.2%) and 

the lowest value was counted under FT 11 application (15.61%). 

Parasitized gall (PG %): The highest level of PG (%) was registered in 

FT8 (33.21%) treatment followed by FT11 (30.01%). The lowest was 

noted in FT2 (8.17%). 

Level of GM population has been found to be influenced by the split 

proportions. Generally higher doses of inorganic fertilizer attracted high level of 

GM. Again the magnitude of population has directly been related to the stage 

specific application of fertilizer. Same doses of fertilizer with different 

combinations of inorganic and organic have exerted differential effects on 

midge appearance as observed in FTI and FT2 applications. Higher the doses of 

organic fertilizer, lesser will be the abundance of the pest and accordingly the 

extent of damage will be minimized. The parasitization of the galls increases 

with organic fertilizer inputs and reached the extreme in case of FT8. Further 

FT5 and FT6 supported nearly same frequency of galls. 

Paddy bug (Fig.4.5.4d) 

Adult + nymphs: Highest level ofPB with an average value 2.31 individuals I 

hill was observed in FTI while least number (0.59 I hill) was scored in FT11. 

Symptoms 

Unfilled grains (U G % ): High percentage of unfilled grains was found in 

FT2 (29.21 %) and the lowest was scored in FT11 (5.21 %). 

Growth stage dependent proportionate application of fertilizer has been 

found crucial for PB performance and the extent of damage. Same dose of 

fertilizer with different split proportions have variable effect on PB as found in 

FTI and FT2. As the damage to the grain by the PB is attained at panicle 

initiation stage, a high proportional dose of inorganic fertilizer in case of FT2 
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causes high magnitude of damage. Least level of damaged at FT11 can be 

explained that proportion of inorganic and organic fertilizer and the growth 

stage of the paddy at which the fertilizers have been applied are better cultural 

practice. Increase in the proportion of organic fertilizer acts as slow N releaser 

leading to slow and gradual grain filling and thus protects the grain from PB 

damage. 

Emty grain formation is related to the grain sucking at the late growth 

stages. A single puncture in Swarna Mashuri has provided enough scope to the 

PB for ample diet. Hence, the magnitude of unfilled grain is increased even at 

low pest incidence, Higher the doses of organic fertilizer slower will be the N 

assimilation resulting in low rate of grain filling, which restricted the 

deteriorations by the bug. But, formation of unfilled grain in case of FT 11 with 

inorganic and organic levels of equal proportion is due to the poor grain filling 

than the attempt to attack the grains by the pest. 

4.5.3.3 On the occurrence of natural enemies 

Spider: FT14 supported relatively high (1.78 individuals I hill) and the FTl 

(1.63 individuals I hill), the least number of spider population (Fig.4.5.5a) . 

. Bug: FTJ3 (2.68 individuals I hill) followed by FT12 (2.61 individuals I hill) 

and FT 14(2.21 individuals I hill) harboured relatively higher number of bug 

population while the least number was scored under FTl 0 (0. 78individual/ hill) 

(Fig.4.5.5a). 

Beetle: Variability of beetle population was noted under different proportion of 

fertilizers and split applications. The highest of3.52 individuals I hill in case of 

FT3 followed by FTJ3 (3.55 individuals /hill) FT12 (3.48 individuals I hill) and 

FT 14(3.31 individuals I hill) while the least number of 1.21 individuals I hill 

was noted under FT11(Fig.4.5.5a). 

Fly: The highest number of fly was obtained under FTl (0.41 individuals I hill) 

treatment while the least number was noted under FT11 (0.22 individuals 

/hill). The other combinational stages of fertilizer application showed variable 

intermediate number of the fly population (Fig.4.5.5b). 
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Fig. 4.5.6: Fertilizer treatment a: Heap of organic fertilizes being 
processed for the subsequent application b: Panicle from the field with only 
organic fertilizer application (FT14) c: Panicle from the field with only 
inorganic fertilizer application (FTl ). 
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Extent and dimension of damage by the pest was found to be directly 

related to the variable proportional growth stage specific N fertilizer 

applications. In all the cases of observations, higher the proportion of the 

inorganic !lreater has been the intensity of the pest. In all the cases under 

consideration, proportionate increase of the inorganic fertilizer had 

imparted a positive effect on the pest bionomics. Adoption of FTll 

treatment was found comparatively more economic and could minimize the 

pest attack with unaltered grain production. But It was suggested to take 

FT5 treatment (inorganic 25: organic 75) in areas where GM are epidemic. 

However, except fly population, application of different fertilizer 

combinations had conveyed major influence on the standing natural enemy 

population. 
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4.6 Assessment of Bionomics of the Major Phototropic Pests 

4.6.1 Light trap estimation of yellow stem borer 

4.6.1.1 Dynamics of different species of SBs in relation to YSB abundance 

Species composition in relation to seasonal variation: YSB 

predominated throughout the season. The relative abundance of YSB was 

found to increase with the progress of the months and maximized in 

November with no major variations in the three blocks. Highest range(%) 

of white stem borer (WSB) and pink stem borer (PSB) was recorded in 

March and April respectively (Figs.4.6.la, band c). 

Species composition in relation to the growth stages of paddy: Among 

all the SBs, YSB predominated at all the growth stages. Relative activity 

of the YSB was recorded highest at ripening stage followed by the 

reproductive and vegetative stage in descending order. While both WSB 

and PSB were more active at vegetative stage (Fig.s 4.6.2 a and b). 

Early arrival ofPSB at vegetative stage allowed the species settlement and 

multiplication resulting in relatively high population size. During the 

subsequent growth stages moths of the new generation hiked the population 

size. Higher frequency (%) of YSB from the very beginning of the vegetative 

stage and their subsequent multiplication under favourable agro-ecological 

situation excluded other SBs. Gradual decrease in the population size of WSB 

and PSB in consideration of the growth stages can be viewed as a case of 

'species exclusion'. WSB and PSB can hardly manage the 'species pressure' of 

YSB resulting in steady population reduction .Male YSB shared the maximum 

part of capture at early night. While in the late night female YSB predominated. 

However as the night advanced the proportion of total catch improved gradually 

(Fig.4.6.4 d). Monthly mean catches of YSB showed that the maximum log 

value was noted in March and October followed by April and February and the 

minimum in January and December (Fig.4.6.4 c). 

233 



100 

90 

80 " 
~ 
~ 70 i 

g 60 1 
~ 50 i 
c: 
..5 40 ] 
~ 30 

20 j 
10 

0 J 

100 ] 

90 J 
~80 

~ 70 ] 
~ 60 

~ 50 ] 
§ 40 
~ 30 

20 • 
1 0 ~ 

0 

Mar Apr 

Mar Apr 

100 

~ 801 
~ 60 

~ 40 J 
:::J 

~ 20 J 

0 

Raiganj 

May June July Aug Sept Oct 

Hentabad 

May June July Aug Sept Oct 

Ita bar 

Mar Apr May June July Aug Sept Oct Nov 0 

Nov c 

Nov c 

DYSB 

OWSB 

DPSB 

Fig. 4.6.1: Seasonal abundance of different species of paddy stem borers 
in the three blocks. a: Raiganj , b: Hemtabad, c: Itahar. 

DYSB 
O Vegetative S tage O Reproductive S t age 

DWSB O Ripen10g Stage 
O PSB 

D YSB WSB PSB 

Fig.4.6.2: Abundance of stem borer species a: Combined abundance of 
the borers in the three blocks. b: Paddy growth stage specific relative 
abundance of the three species of stem borer. 

234 



Results and Discussion 

Discussion: SBs showed marked variation in their abundance. High number of 

YSB moths at the ripening stage was due to the additive effect of the previous 

two generations. Ragini et a/. (2001) also reported from Killikulam, Tamil 

Nadu, India, that YSB was the most predominant species during both kar (June

September) andpishanum (October-January) seasons with the frequency of60.0 

and 48.43% respectively. PSB was the second most abundant, 35.21% during 

kar and 48.43% duringpishanum season. Catling eta/. (1987) noted that YSB 

accounted 77% of the SBs in the agro-ecological condition of Bangladesh. YSB 

dominated nearly entire northern parts of Philippines in the early 60's. While 

WSB was abundant in southern parts of Philippines and Java (Cendana and 

Calora 1967). Prolonged EL Nino droughts in the mid 1980s in Indonesia and 

southern Philippines led to a shift from the non aestivating YSB to aestivating 

WSB (Glanz 1996). In general, YSB is prevalent in the monsoonal tropics while 

WSB dominates the intertropical zone. The cultivar 0. sativa japonica 

comparatively supported more SBs than 0. sativa indica. Mixed population of 

SBs in the present study is probably due to heterogeneity of climate, moist 

irrigation regimes, higher cropping intensity (> 169%) and the practice of 

mono culture. Previous documentation of the relative proportional variation of 

SBs covering the Tarai-Teesta agro ecological zone of the northern parts of 

West Bengal disregards the standing growth stages of paddy (Status report, 

UBKV 2004). In the Southern parts of India covering districts Tirunelveli, 

Kanyakumari, Madurai, Thanjavur, Coimbatore, Dharmapuri and Vellore, YSB 

was recorded as the most dominating species Ragini eta/. (2000). 

4.6.1.2 Seasonality ofYSB broods and consequent damages on paddy crop: 

Four Light traps ( 400 watt) were installed equidistantly in mono culture paddy 

fields (100 x 100 mt) throughout the year fortnightly covering all the three crops 

(pre-kharif, kharif and bora) (3.6.1.2.2 in materials and methods). Dynamics of 

YSB was assessed in consideration of the total collection of four traps in each 

date. The average pooled data of the four years showed, one major, two 

moderate and one minor peak. The two consecutive moderate peaks occurred 

one during the 4th week of January to early February ( 4-6 SMW) and the next 

one during late May (20-22 SMW). The latter one was followed by a minor 
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peak at mid July (26-28 SMW). All the maJor and moderate peaks were 

preceded and followed by the ultra peaks. The only major peak was observed 

during early to middle of November (46- 48 SMW) after which the population 

steadily declined (Figs.4.6.3 and 4.6.4. a and b). 

Fortnightly catches of YSB were correlated with the average climatic 

components. Catch pattern showed that brood emergence mostly has an 

insignificant positive but significant negative agreement with Tmax and. Tavg. 

However, Tgr and Tmin elaborated respectively positive and negative relation 

of variable degrees. The effects of RHmin and Rfall are respectively positive 

and negative, both were mostly significant. RHavg and RHgr showed positive 

relation mostly at insignificant level. Throughout the year no specific role of 

RHmax was noted for all the brood emergence. However sizable population at 

43-48 SMW was positively influenced by RHmin. No definite role of Shr was 

evident in relation to YSB brood emergence. YSB brood emergence was more 

influenced by Tmax, Tgr and Rfall. RHmax only effected the last brood while 

the other factors had inconsistent role (Table.4.6.1, Figs. 4.6.4. c and d). 

Discussion: The pest was most destructive to the standing crops about two 

weeks after the emergence of 'winter generation' and a month before the 'kharif 

generation'. Appearance of the moths at late May with 'moderate peak' might 

be viewed as 'desperate emergence', as the standing crop growth stages can not 

support such large progenies. 'Self destructive' major peak was noted only at 

the end of a year during early to middle November due to the absence of paddy 

crop. Furthermore, absence of crop after the harvest could hardly support this 

massive generation causing 'population crash'. Peak formation even in the 

absence of suitable growth stages of paddy plant reflects that the environmental 

factors rather than the standing crop govern the YSB dynamics. Only a small 

fractional population immigrates and survives in the alternative host in absence 

of crop by virtue of their rapid physiological adaptability. 

In contrary to the present findings, Manjunath (1982) reported from 

Mandya (1976-1979), Karnataka three annual peaks: low in February (winter 

generation), moderate in May (summer generation) and high in November 

(kharif generation). 
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Presence of additional ultra peaks in the present observation reflects that 

the moths are active round the year due to their tolerance to a wide range of 

agro-climatic variations. While Nandihalli et a/. (1990) noted two peaks, one at 

March-May and another at Oct-Dec with the respective catch value of 4 to 82 

and 9 to 1150 individuals I trap. Contrary to the 4 peaks in the present 

observation, study at RRI, Chinsura (22°52'N, 88°24'E,8.62 msl.), West Bengal 

has recorded six peaks: one major (Oct. 16±6) three moderate (April 15±6, July 

07±6, August 27± 6) and two minor peaks (February 15±6 and May 19±6). 

Primary responsible factors for such activity is high average Tmax (35.8°-

24.50C), Tmin (26.5°-14.5°C) and Shr (7.8-4.2 hr). Paddy cultivar, soil 

pedology and cultural practices marginally influence the peak attainment. Malhi 

et a/. (1998) noted that the average life span of male and female adult YSB has 

been 2.50 and 2.78 days respectively during August, while it was 2.50 and 2.85 

days in September. The average span of life cycle was 46.35 and 52.79 days 

during July-August and August-September respectively which was in 

agreement with the attainment of peak status. 50 % of the total yearly adult 

emergence occurred around February 22, April 11, May 23, August 18 and 

October 2. The first larval brood causes DH in boro during July (summer rice), 

the second brood causes WH in boro and also in aus (autum rice), the third and 

the fourth broods affects amon crop (winter Rice). Present observation is also 

supported by that of Chhabra et a/. (1976) who have reported from Kapurthala, 

Punjab that peaks are highly correlated with the environmental conditions. 

Qadeer et a/. ( 1990) have also reported from Kamal District, Haryana that the 

peak intensity is environment specific, especially the moisture regimes of the 

canal system. 

Observation by Rai et a/.(2002) from 1970 to 1995 reveals that peak 

formation and Tmax show poor positive relation except in the years 1970 and 

1971. Larval mortality increased when the field water temperature exceeded 

beyond 35°C for any 5 days in July. Sunwongwan and Catling (1987) have 

observed that the survivability of larvae has a negative relation with Tmax 

(>33°C) at moderate RH level (<70%). Peak catches are influenced by the 

availability of food, cultivar and land condition. 
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Table.4.6.1: Correlation coefficient of incidence of the YSB brood emergence with the climatic factors indicating the level of significance 

Temperature("C) Relative humidity(%) Sunshine hours/ Rainfall (Rfall) 
Fort 
night day amount rainy maximum minimum gradient average maximum minimum grndient average (Shr) 

(fmax) (fmin) . (fgr) (Tav,\) (RHmax) (Rlbnln) ~(RHgr) (RHa;g) 
(mm) days 

I 0211 -0.422 0.484 0.498 0238 0.455 0.201 0.453 -0.605* -0.632* 0.207 

2 0.664• -0.461 0.508* 0.612* 0.721* 0.532 0.542* 0.521* 0.731* -0.567* 0.141 

3 0.597* -0.711* 0.478 -0.651* 0344 0.651* 0.332 0.645* 0.628* -0.462 0.399 

4 0.411 -0.422 0.584* 0.598* 0.438 0.675* 0.311 0.543* -0.645* -0.675• 0.234 

5 -0.607* -0.601* 0.443 -0.651* 0.351 0.631* 0.302 0.605* 0.635* -0.471 0.317 

6 -0.577* -0.621* 0.477 -0.637* 0.351 0.617* 0.347 0.648* 0.661* -0.473 0.356 

7 -0.507* -0.671* 0.453 -0.598* 0.353 0.661* 0.352 0.600* 0.634* -0.431 0.345 

8 -0.827* -0.600* 0.493 -0.602* 0.421 0.643* 0.361 0.615* 0.627* -0.430 0333 

9 0.411 -0.422 0.584* 0.598* 0.438 0.675* 0.311 0.543* -0.645* -0.675* 0234 
10 0.664* -0.421 0.598* 0.712* 0.711* 0.432 0.432 0.511* 0.721* -0.587* 0.151 

II -0.417 -0.598* 0363 -0.631* 0.392 0.651* 0367 0.567* 0.643* -0.437 0.341 

12 -0.527* -0.631* 0.472 -0.671* 0.339 0.641* 0.366 0.600* 0.553* -0.439 0.381 

~ 
14 -0.555* -0.627* 0.461 -0.590* 0.342 0.651* 0.371 0.621* 0.571* -0.481 0.375 

15 0.411 -0.422 0.584* 0.598* 0.438 0.675* 0.311 0.543* -0.645* -0.675* 0234 
16 -0.547* -0.601* 0.480 -0.588* 0.341 0.605* 0.344 0.645* 0.661* -0.443 0371 

17 0311 -0.442 0.574* 0.558* 0.338 0.685* 0331 0.603* -0.625* -0.605* 0254 
18 0.411 -0.422 0.584* 0.598* 0.438 0.675* 0.311 0.543* -0.645* -0.675* 0234 
19 0.417 -0.425 0.588* 0.528* 0.478 0.605* 0.371 0.553* -0.665* -0.632* 0244 
20 0.441 -0.462 0.594* 0.508* 0.439 0.611* 0.319 0.573* -0.600* -0.641* 0.254 

21 0.314 -0.429 0.564* 0.498* 0.438 0.775• 0.388 0.653* -0.621* -0.651* 0.260 

22 -0.501* -0.619* 0.473 -0.603* 0.344 0.671* 0.355 0.632* 0.451* -0.491 0.381 

23 0.604* -0.427 0.508* 0.722* 0.751• 0.436 0.462 0.551* 0.621* -0.687* 0.251 

24 0.654* -0.423 0.598* 0.709* 0.711* 0.432 0.432 0.511* 0.721* -0.587* 0.151 

25 0.712* -0.321 0.622* 0.611* 0.572* 0.321 0.134 0.602* 0.611* 0.144 0231 

26 0.664* -0.471 0.598* 0.712* 0.711* 0.432 0.432 0.511* 0.721* -0.587* 0.151 

(*):Significant at 5% level. 



Results and Discussion 

Pathak and Pawar (1993) have noted that the population after the 

harvest is low during the summer months due to non availability of 'choice 

food' together with the high temperature. Padhi (1994) also has observed that 

weather parameters influence the peak incidence of S. incertulus. Brood 

emergence of YSB is thus more influenced by the regional environmental 

conditions rather than by the standing growth stages of paddy. 

4.6.1.3"Morphometric observation on the prominent neonatal forms ofYSB 

Morphometric observation on YSB broods was done after splitting the 

infested stems (3. 5 in materials and methods). The prominent moderate and 

major broods comprised of the following characters. 

Minor brood (26-28 SMW): The larvae were milky-white, 46.26 - 46.47 mm 

in length with district prothoracic shield, reduced abdominal pro-legs having 

short crochets. The pupa was soft bodied, pale in colour with the free terminal 

appendages. Adults were crimish-white with 18-23 mm wing under fully 

stretched condition (Figs.4.6.5 a and b). 

Moderate broods (4-6 and 20-22 SMW): The 2"d, 3'd and 4th instar larvae 

were dirty in colour while the pre-pupal forms were greenish-yellow and about 

44.43 mm in length. Head capsule was orange in colour and relatively smaller 

than the body width. The crochets of the pro-legs were biordinal. They pupated 

into yellowish white cocoons. The adult moths were straw-coloured and 

measured 14-17 mm in length and 22-30 mm in wing span. Females had a 

single dark spot at the center of fore wing as the sexual dimorphic symbol 

(Figs.4.6.5 c and d). 

Major brood (46-48 SMW): The larvae were purple pinkish dorsally and 

whitish ventrally with orange-red head capsule, and about 25.26 mm in length 

The pupa was dark brown with purplish tinge on the head region. The moths 

were brownish, with the hairy thorax and head and comparatively shorter than 

the other two broods (Figs.4. 6. 5 e and f). 

YSB dynamics in the present study partly corroborates the findings of 

Malhi et a!. (1998). Differences in respect of the peak emergence have been 

probably due to the differences of agro-ecological condition and the paddy 

variety. 
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Fig. 4.6.6: Lay out light trap catches ofYSB in relation to paddy growth 
stages and light intensity zonations. A : Vegetive stage, b: Panicle initiation 
stage, c: Light intensity zonations. 
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4.6.1.4 Comparative dynamics ofYSB of two fields by light trap 

Relative variation of YSB catch was studied in two fields under three 

variable combinations of inorganic and organic fertilizers (0:100, 50:50 and 

100:0) (3.6.1.2.2.3 in materials and methods). The highest catch was noted 

under inorganic fertilizer application while the least was counted under the 

organics. Application of organic and inorganic fertilizers of equal proportion 

resulted in moderate catch size. In all the applications, the population has 

initiated after 30 DAT. Peak was recorded between 60-90 DAT in both the 

varieties irrespective to the nature of the fertilizer combinations. Low catch 

number was noted under organic fertilizer application. Thus the nature of 

fertilizers influences the magnitude of the relative catch but the overall 

dynamics remain same in all the applications. The occurrence of YSB was 

comparatively low in Tu/aipanji (L YV) than in Swarna Mashuri (HYV) 

Table.4.6.2: Correlation between the YSB larval abundance and internal 

diameter of the stem of the paddy variety Swarna Mashuri 

N Fertilizer combinations r value 

Inorganic: organic 

100:0 0.778* 

50:50 0.518* 

0:100 0.421 
* S1gnificant at 5% level 

Under favourable conditions the eggs of YSB hatch within 9-10 days 

and the larvae penetrates into the stem. Increase in the quantity of inorganic 

fertilizer causes phenological alternation of paddy plants. Inorganic fertilizer 

increases tiller number, leaf area and stem width with greater lumen diameter in 

HYV provide greater survival value for the larvae. Higher the dose of inorganic 

fertilizer the higher is the internodal diameter. Greater the lumen diameter 

higher would be the available space for larval accommodation (Table 4.6.2). 

The lowest number of YSB in light trap catches has been recorded by Ragini et 

a/. (200 1) after manuring with only organics. 
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4.6.1.5 Light trap collection and moth settlement 

White light traps were periodically installed from early vegetative stage for 

mass collection and subsequent destruction of YSB moths (3.6.1.2.2.5.1 in 

materials and methods). Farmers either do the trapping practice continuously 

throughout the night or discontinuously according to at their convenience 

disregarding the growth stages of paddy. Relatively high level of WH and DH 

was noticed at the vicinity of the 'light trap zones' ( 16%) in comparison to the 

rest of the fields (4%) which necessitates the judicious time specific settlement 

and monitoring of the light traps (Figs.4.6.6 a,b and c). 

4.6.1.5.1 In relation to the growth stages of paddy (Tables4.6.3 and 4.6.4) 

Collection for uninterrupted time scale: Comparatively higher number of 

moths settled near the trap zones. Greater the distances the lesser was the 

number of moths. Moths settled at the distances of 2 and 6 mt from the trap 

had shown very significant positive relation with the trap light intensity. DH 

increased significantly at 2 mt (14%) and 6 (9%) mt distances circles of the 

traps. However the incidence ofWH differed marginally in all the zones. 

Collection for interrupted time scale: Light traps were discontinuously 

used for 5 days either during vegetative or tillering stage. Setting at 

vegetative stage showed significant positive relation (0. 789) with the 

number of DH and WH. But late setting at tillering stage exhibited 

insignificant positive effect (0.364) on the subsequent WH formation. The 

number of moths settled was comparatively higher at vegetative stage than 

at tillering stage (Tables.4.6.3 and 4.6.4). 

4.6.1.5.2 In relation to the trap setting time at night: Traps were either 

established at early night (18:00-24:00) or at late night (24:00-6:00). 

Irrespective of the time of trap setting, At all the distances except at 18 mt, the 

number of moths captured showed significant positive relation with light 

intensity. Higher levels ofWH were counted at 2 mt (12.1%) and 6mt (8.4%) 

distances where trapping was practiced in early night. The incidence of WH 

progressively decreased as the distances increased. However, at late night, the 

collection comparatively scored high at all distances (1.21-2.14 individuals I 
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hill) than the early night. Accordingly the intensity of DH and WH were 

magnified in comparison to the early night collection. 

Discussion: Moths attracted to the light traps, settle on the paddy plant at the 

vicinity of trap areas. The number of individuals multiplies through egg laying 

and consequently results in the appearance of higher number of DH in 

comparison to the area away from the trap. DH number was higher when 

trapping was done at vegetative stage for a continuous time period. The settled 

moth, mostly females, lay eggs and multiplies, resulting in higher degree of pest 

appearance (Prakasa Rao et a/.1988). But the frequency ofWH in the trap zone 

has been more when trapping was done at tillering stage. Discontinuous 

trapping covering two growth stages of paddy intensifies WH due to the steady 

multiplication of the earlier batch of moths. Discontinuous collection is thus 

discouraging for this reason. As the appearance of both WH and DH was more 

intensified at 2 and 6mt. circles, judicious field scouting in the light trap areas is 

required. 

Late night operation of the light trap enhances a higher degree of 

infestation. When a comparison is made between the incidence of DHIWH at 

distances 2, 6, 10, 14 and 18 mt from the trap and in the light shadow zone, 

significant difference have been found among them. Infestation at 2 and 6 mt. 

were the highest with nearly same level of damage. It differed significantly 

from the other distances. The extent of infestation in the light shadow zone, i.e, 

immediately below the light, was least. The lower the nearness of the zone to 

the light trap the greater is the damage. In case oflate trap setting time however, 

the magnitude of damage is comparatively high at late night implying that the 

moths are more active at late night. As higher portion of collection happens at 

late night, and accordingly the damage is profound by late moth settlement. It is 

thus more economic to install the light trap at late night with simultaneous field 

scouting on the next dates. 
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Table.4.6.3: hnpact of light trapping on YSB moth settlement at different distances from the light trap and the formation of DH and 

WH at different zones 

Relative distances from the li !hi trap. (ml) 
Types of trap 2 6 10 14 18 

operations 
Adult DH+WH Adult DH+WH Adult DH+WH Adult DH+WH Adult DH+WH 

§ ;g Vg 7.11 8.70 4.87 6.91 3.54 4.71 1.65 3.51 1.54 2.13 . ., 
0 (2.78) (3.03) (2.31) (2.72) (2.00) (2.28) (1.46) (2.00) (1.42) (1.62) "' ·~ il 

Co Tr 5.31 6.90 3.81 5.11 2.21 3.91 1.02 3.34 1.15 1.72 0 

"" 0 

.9 u (2.41) (2.72) (2.07) (2.36) (1.64) (2.10) (1.23) (1.95) (!.28) (1.48) 
il 
Co Vg 4.62 10.40 3.61 8.23 2.98 7.31 1.56 5.42 1.31 4.73 ~ 

§- " 0 
(2.26) (3.30) (2.02) (2.95) (1.86) (2.79) (1.43) (2.43) (1.34) (2.28) " ·~ .... 

0 Tr 
" 8 2.78 7.70 2.97 6.73 1.67 5.42 1.09 4.91 1.11 3.45 
"" .:<l 

(1.98) 1 ~ Q (1.81) (2.86) (1.86) (2.68) (1.47) (2.43) (1.26) (2.32) (1.26) 

Vg 4.29 14.60 3.23 8.12 2.43 6.11 1.48 3.45 1.23 2.13 I 

" :a (2.18) (3.88) (1.93) (2.93) (1.71) (2.57) (1.40) (1.98) (1.31) (1.62) .g ·s 
"' i' Tr 3.08 10.10 2.57 6.81 1.34 5.32 1.22 2.11 1.12 1.22 il 
Co til (1.89) (3.25) (1.75) (2.70) (1.35) (2.41) (1.31) (1.61) (1.27) (1.31) 0 

~ Vg 6.02 15.90 4.87 14.80 3.63 8.91 2.39 6.23 1.59 4.71 .... .1': 0 (2.55) (4.04) (2.31) (3.91) (2.03) (3.06) (1.70) (2.59) (1.44) (2.28) " "" .§ ·a 
E-o * Tr 5.71 8.40 3.45 5.32 3.27 4.77 2.68 3.81 1.11 2.51 

...l 
(2.49) (2.98) (1.98) (2.41) (1.94) (2.29) (1.78) (2.07) (1.26) (1.73) 

Vg- Vegetative; Tr- Tillering growth stage of paddy. 
Figures in the parenthesis are root mean square transformed value 



Results and Discussion 

Establishment of light trap from early vegetative stage maximizes the catch 

number and can effectively control YSB population. Trapping should be 

followed by field scouting for the settled YSB on the next date especially at 

the vicinity of the light trap zones. Continuous light trapping is found more 

effective than the discontinuous procedure. 

4.6.1.6 Influence of physical and climatic conditions on the moths 

settlement at different distances of light trap zones 

In relation to the distance from the light sources: At all the distances the 

number of moths settled showed positive relation with the available radiant 

energy. The degree of phototropism was directly dictated by the distances from 

the trap. Greater the distances, lesser would be the available radiant energy, 

accordingly the relation would be poor. Significant positive relation was noted 

only at the distances of 2 and 6 mt irrespective of the growth stages and the 

nature of light trap. The settlement at the remaining distances of 10, 14 and 18 

mt was positive but insignificant. 

Table.4.6.4: Correlation between the available light intensity (lux) moth 

settlement at different distances in the paddy field from the trap light sources 

Types of trap 
.s:: "' 

Relative distances from the light trap (mt) 
operations i ~ 

0 .. 
14 18 

... _ 
2 6 10 " "' 

Growth Continuous Vg 0.712* 0.584* 0.498 0.432 0.342 
stage 

related Tr 0.645* 0.511 * 0.342 0.262 0.234 

Discontinuous Vg 0.698* 0.544* 0.477 0.462 0.421 

Tr 0.429 0.511* 0.354 0.278 0.211 

Time Early night Vg 0.622* 0.493 0.396 0.386 0.326 
related 

Tr 0.567* 0.311 0.278 0.289 0.211 

Late night Vg 0.559* 0.531* 0.468 0.498 0.287 

Tr 0.352 0.234 0.251 0.311 0.217 

* Significant at 5% level. Vg- Vegetative and Tr- Tillering stage of paddy 
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Climatic factors and moths settlement: Climatic factors exerted profound 

influence on the pattern of catches (Tables 4.6.5 and 4.6.6). 

In relation to Temperature: Tmax induced significant positive effect on 

the moth settlement while Tmin exhibited mostly insignificant positive 

effect. Moths settled during discontinuous collection exhibited significant 

positive relation with Tmin. Furthermore, Moths settled at late night in 

vegetative stage showed significant positive relation with Tmax and Tmin. 

In relation to relative humidity: RHmax mostly had significant positive 

effect irrespective of the growth stages of paddy and the mode of 

operation. RHmin, however, influenced the settlement insignificantly at 

negative level. 

In relation to wind velocity: Wind velocity exercised significant to 

moderate negative effect in all conditions. 

Table.4.6.5: Influence of climatic parameters on moths settlement under different 

types of trap collection 

Temperature ("C) RH% Wind 
Types of trap operations velocity 

Tmax Tmin RHmax RHmin (km./h) 

Continuous 
Vg 0.632* 0.345 0.564* -0.321 -0.576* 

Growth Tr 0.567* 0.267 0.511* -0.256 -0.523 
stage Vg 0.612* 0.543* 0.677* -0.121 -0.642* 

related Discontinuous 
Tr 0.511 * 0.521 * 0.577* -0.100 -0.587 

Early night Vg 0.582* 0.411 0.563* -0.414 -0.543* 
Time Tr 0.552* 0.342 0.452 -0.371 -0.500* 
related Vg 0.621 * 0.531* 0.653* -0.212 -0.348 

Late night 
Tr 0.599* 0.474 0.487 -0.231 -0.216 

* Stgnificaot at 5% level. Vg- Vegetative and Tr- Tillenng stage of paddy 

Table.4.6.6: Effect of climatic parameters on the yearly average YSB number 

Weather parameters Bvalue Standard error Tvalue Beta 
Tmax 0.153 7.562 1.823 ns 0.048 
Tmin -7.437 8.600 -1.029ns 0.312 
RHmax 4.923 3.411 0.152 ns 0.762 
RHmin 3.482 3.445 0.157 ns 0.756 
Rainfall(%) -2.761 1.251 -2.311 ns 0.057 
Shr 3.423 6.533 0.461 ns 0.589 
Wind velocity(krnlhr) -1.356 6.921 -0.159 ns 0.879 

ns -non significant 
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Present observation is at par with the study of Pathak and Pawar (1993), 

Pandya eta/. (1989), Nandihalli et a/. (1990) and Rai et al. (2000). In contrary 

to the present findings negative effect of Tmax on moth settlement was 

confirmed by Sankar and Gayen (1992) and Ramakrishanan et a!. (1994). 

Present finding also supports the earlier observation by Pandya eta/. (1989) that 

the effect of Tmin has limitations. Present observation corroborates the findings 

by Sarkar and Gayen ( 1992), Ramakrishanan et at. ( 1994) and Bhatnagar and 

Saxena (1999) who also have documented the positive effect of the RH(%). But 

observations by Sunwongwan and Catling (1987) and Bhatnagar and Saxena 

( 1999) are contrary to the present findings, who have found a negative effect of 

RH(%). The observation is in concurrence with the finding ofPrakasa Rao eta/. 

(1988) and Bhatnagar eta/. (1999). Ramakrishanan et at. (1994). Bhatnagar et 

a/. (1999) have noted a negative effect of Rfaii. But no authors have observed 

the effect of wind velocity on moth settlement. 

4.6.2 Light trap estimation of BPH 

Light trapping is the effective device for rapid coiiection of phototropic insects. 

Periodic coiiection foilowed by rapid destruction of BPH by light trap is an 

effective economic tool to check the population (Figs.4.6.7a, band c). 

4.6.2.1· Light trap estimation partitioned by time: Relative fluctuation of 

BPH catches (%) on different dates and times of coiiection was noted. 

Maximum coiiection in relation to the total catch was obtained at 19:00-20:00 

hours (14.62%) foilowed by 20:00- 21:00 (14.41%), 21:00- 22:00 (11.87%) 

and 18:00- 19:00 (11.33%) in descending order. The least was counted at the 

time 05:00 - 6:00 hours (1.92%) In the remaining hours the catches were low to 

moderate in number (Table 4.6.7). 

BPH abundance differed with the paddy growth stages. Furthermore 

abiotic factors and standing crop phenology influenced the number of the moth 

catch. At 3 6 SMW when the crop was at tiiiering stage during kharif season, the 

catch was low which then increased at 38 SMW and subsumed by 40 SMW. 

Higher number of catches at 38 SMW was due to the reciprocal shading by 

leafy foliage together with the favourable microclimate which is conducive to 
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BPH multiplication. The collected Macropterous form of BPH showed 

significant positive correlation with the paddy field BPH number I mt2 with a 

regression value ofY catch number= 5781 + 9.00x (r = 0.521), x- individual I mt2 at 

field level. For every unit (50 nos.) increase in the catches, field count increased 

up to 4-5 individuals I hill on the next dates. 

The foremost objective of this study is to understand the relative 

effectiveness of hourly catches and to specify the time at which the 

maximum collection occurs. Such understanding will help to recommend 

for the farmers to set up the trap at the most effective time and thereby 

may avoid the unnecessary trap monitoring cost. As 52.53 % of the total 

trap collection occurred within 18:00 - 22:00, it is further recommended to 

operate the light traps within the time frame to maximize the collection. 

4.6.2.2 Coloured light traps for BPH collection (Fig. 4.6.7) 

The use of kerosene light traps ( 62%) followed by the household light sources 

(23%) was found to be the common practice among the farmers. Relative 

efficacies of emitted light from different sources, i.e, red, green yellow and 

white were evaluated with the help of number of BPH collections at kharif 

season (3.6.1.2.2.4 in materials and methods). 

The highest catch of 341 individuals/trap was noted for white light which was 

respectively followed by yellow and green colours. This signifies that BPH is 

more attracted to the white beams. The peak collection was recorded at 11 WAT 

followed respectively by subordinate peaks at 15 DAT and 19 DAT. The nature 

of the peak is thus found to be influenced by the colours of light of a trap. The 

high peak was noted for white light, moderate for yellow and subordinate for 

green and poor for red colours. 
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Table.4.6.7: Nature of average hourly catches ofBPH (individuals± SE) population in three specific weeks during kharifseason 

Raiganj Hemtabad ltabar 

Hour SMW of collection 
Mean o/o of SMW of collection 

Mean o/o of SMW of collection 
Mean 

36 38 40 catch 36 38 40 catch 36 38 40 
18:00-

216±12 412±18 312±13 
313.34± 

17.33 282±11 445±5 315±11 
347.34± 

15.62 319±13 370±21 251±21 
313.34± 

19:00 14.33 9.66 18.33 
19:00-

313±15 382±11 291±12 
328.66± 18.77 354±9 491±5 461±12 435.36± 19.59 472±18 398±19 343±21 

404.34± 
20:00 12.66 8.66 19.33 
20:00-

136±16 271±5 254±11 
220.34± 

12.18 243±7 401±6 478±11 
374.00± 

16.82 454±21 373±17 369±23 
398.67± 

21:00 10.6 8.01 20.33 
21:00-

119±13 218±3 232±13 
189.67± 

10.49 211±13 248±11 211±16 223.34± 10.04 398±1 I 276±14 311±19 
328.34± 

22:00 9.66 13.33 14.66 
22:00-

174±9 189±13 177±8 
180.00± 

09.95 196±12 213±12 167±15 192.00± 08.63 342±23 265±11 287±20 
298.00± 

23:00 10.1 13.01 18.Dl 

23:00-
141±11 172±11 164±7 

159.00± 
08.79 167±16 167±6 179±14 

171.00± 
07.69 312±11 247±21 247±22 

268.67± 
24:00 9.66 12.04 12.40 

24:00-
91±7 116±14 139±5 

115.34± 
03.39 95±5 121±9 142±11 

119.34± 05.37 105±10 142±13 152±13 
132.35± 

01:00 8.66 8.33 15.33 
01:00 

97±4 98±4 98±6 97.00± 05.40 127±12 112±7 87±9 
108.67± 

04.88 278±11 232±21 189±14 
233.00± 

02:00 4.66 9.33 11.33 
02:00-

79±9 81±5 87±4 
82.34± 

04.55 112±9 95±5 78±6 
95.00± 

0427 I 12±9 185±13 121±12 
139.34± 

03:00 6.01 6.66 9.01 
03:00-

48±11 58±4 51±7 52.34± 02.89 98±9 58±7 62±7 
72.67± 

0326 87±9 98±9 89±9 
91.34± 

04:00 7.33 7.11 7.01 
04:00-

29±12 37±6 43±4 
34.34± 01.90 65±7 35±5 43±5 

47.68± 
02.14 74±8 62±7 77±6 

71.00± 
05:00 7.33 .66 7.01 
05:00-

18±4 27±4 37±5 
27.35± 

01.51 32±12 37±6 39±4 
36.00± 01.62 54±7 47±6 59±7 

53.34± 
06:00 4.33 7.33 6.66 

Total 
1443± 2096± 1885± 1808± 100 1982± 2423± 2262± 2222± 

100 
3007± 2695±1 2595± 2765± 

10.25 8.16 8.25 12.04 10.16 7.01 10.08 9.47 11.16 5.58 15.68 14.20 

CD at 5% level 5.21 

o/o of 
catch 

II .33 

14.62 

14.41 

I 1.87 

10.77 

09.71 

05.95 

04.31 

05.03 

03.30 

02.56 

01.92 

100 



Results and Dtscusswn 

The objective of this experiment is to suggest the best trap light colour for 

maximizing the collection. Poor yellow light emitted from kerosene light 

sources gave repelling result and hence was discouraged. 

4.6.2.3 Seasonal variations of average pooled population a nd the reports of 

hopper burn 

Average annual catches of BPH showed seasonal variation and 

accordingl y status of hopper burn differed . Low BPH population in January and 

February was immediately followed by the gradual increase which was 

synchronized with the early growth stages of boro paddy. The first peak in early 

May decl ined steadi ly. Very low population was noted in July and August due 

to the non availability of the suitable growth stages of the supportive standing 

crop. Moderate population was observed in September after w hich the 

population steadil y declined. 

Severity of hopper burn showed positive agreement with the field pest 

level. Roughly, a catch of more than 500 BPH I trap during the immigrat ion 

period results in a severe outbreak before panicle initiation and that a catch of 

I 00 to 500/trap results in hopper burn of the entire fi~ld after heading especially 

duri ng the months September-October, light hopper burn occurs in October, 

when the catch number is around I 00 I trap. Roughly, a catch of 50 was found 

to be the threshold value for next hopper bum. 

Hopper bum occurred almost every year m the three blocks unless 

insecticides were applied. Present findings is at per with that of Bhatnagar et a/ 

( 1999) who have opined that prevailing abiotic factors and catch number 

influence the extent of hopper burn. 

4.6.2.4 Climatic factors and the consequences of hopper burn: Evaluation 

of different climat ic factors in relation to the consequences of hopper burn 

(symptoms I mt. 2
) showed a diversified gradient relationship with the trap 

proportions. Multiple regression analysis showed the key factors exp lain ing the 

causes of hopper bu rn among a set of cropping intensity variables (Tables 4 .6 8 

and 4 .6 .9). 
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Results and Discussion 

In relation to temperature: Tmax exhibited negative influence while 

Tmin had a high range of positive influence on hopper burn. 

In relation to relative humidity: The effect of both RHmax and RHmin 

were significantly positive. 

In relation to rainfall: Rfall exhibited significant to moderate negative 

effects on the trap collection. For every unit increase in the rainfall, there 

was a population reduction of 2 individuals/ 10 hill. 

In relation to sunshine hour: Shr had no influence on the generation of 

the hopper burn symptoms. 

In relation to wind velocity: The overall impact of wind velocity was 

significantly negative on the hopper bum formation, i.e, high velocity 

decreased the number ofBPH. 

Table.4.6.8: Correlation between the incidence of hopper and the climatic 

factors 

Tmax Tmin Tgr RHmax RHmin RHgr Rfall Shr Wvl 

-553* 0.675* 0.453 0.677* 0.623* 0.345 -0543* 0.341 -0.621* 

*Significant at 5% level 

Table.4.6.9: Effect of weather parameters on the yearly average BPH number in 

trap collection 

Weather parameters Bvalue Standard error Tvalue Beta 
Tmax 0.143 8.566 -1.854 ns 0.078 
Tmin 7.456 8.698 1.026 ns 0.342 
RHmax 4.932 3.132 0.172ns 0.866 
RHmin 3.444 3.453 0.167 ns 0.786 
Rainfall(%) -2.576 1.212 -2.321 ns 0.067 
Shr 3.454 6.543 0.465 ns 0.569 
Wind velocity(km/hr) -1.398 6.989 -0.189 ns 0.808 

ns -non significant 

Present study corroborates that of Mohan (1982) who found that Rfall 

exhibited significant negative relation in early September due to the nymphs 

mortality. Absence of multiple correlations between catches and weather factors 
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probably due to the macropterous nature of the insect and the asynchronous 

nature of plantation. Hinckley (1963) and Grist (1999) also have suggested that 

excessive rains destroy eggs and thereby the population is substantially reduced. 

Furthermore, adult BPH might have been washed away from the field by heavy 

rains. Loevinsohn (1984) and Loevinsohn et a/. (1982) have reported from 

Philippines that field heterogeneity influences abundance of BPH and 

accordingly the extent of hopper bum. 

As Installation of the light trap is not economically justifiable throughout 

the year, it is suggested to set the trap for YSB in consideration of the 

'peak' pest intensity and thus, to maximize the collection. Further as the 

effectiveness of trap collection is directly influenced by climatic conditions 

it is more appropriate to monitor the trap in relation to the climatic 

conditions, in due consideration of the growth stage of the standing paddy 

crops and the land location which determine the functional efficacy of the 

light trap. Maximum collection of BPH occurred at the early night and was 

noted for white light. 
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4.7 Performance of the Weed Communities Under Integrated 

Weed Management 

Weed vegetations provide alternative resources for both beneficial 

organisms and the pests (Dennis and Fry 1992). Rampant weeding in the paddy 

fields was prominently viewed under the activity of high cropping intensity 

(> 189%) through out the blocks. Majority of the paddy field weed species serve 

as alternative hosts of the pests. This is why judicious weeding practices and 

land preparation techniques are necessary for better pest suppression. Proper 

management of weeds modifies the paddy field ecosystem which in tum exerts 

positive influence on the natural enemy and negative on the pest. 

4. 7.1 Diversity of the field weed communities 

Weed flora at 60 days after sowing (DAS) consisted of 22% grasses, 40% 

sedges and 32% broad-leaf weeds. The Collected weed species that are reported 

to act as alternative host are given in the table 4.7.1. 

Table.4.7.1: Different species of paddy field weeds in the three blocks 

Category of weeds Species recorded 
Grasses Echinochloa colona , Paspulum sp., E. crus-galli, 

Cynodon dactylon,Saccharum sp., Sphenocloa sp., 
Leptochloa, Panicium repens, Panicium conjngatum. 

Sedges Cyperus iria, C. rotundus, Fimbristysis sp., Scirpus 
maritinus. 

Broad leaf weeds Cleome viscosa, Eclipta prostrate, Marsi/ea minuta, 
Sphenochlea zeylanica, Burgia ammanioides, 
Aeschynomene indica, Scirpus articulatus, Ipomea 
aquatica,Elytrophus arteculata, Eragrostis interrupta, 
Marsilea minuta, Ludwigia sp. 

The extent of infestation calculated to be up to 54.4%, 21.4% and 22.2% 

in case of grasses, sedges and broad-leaf weeds respectively. Among these 

species E. colona , E . crusgalli, C. iria and I. aquatica were relatively more 

important as alternative host (Figs.4.7.1 and 4. 7.2). 

Joy (1991) showed that the survivability of the paddy field pests varied 

in relation to the weed status in different agro-ecological zones. 
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Fig. 4.7. l :lrnportant paddy field weeds. a: Aeschynomere indica. b+c: Cleome viscosa, 
d: Echinochloa crus-galli. g: Lep tochloa sp. h: Fimbristysis sp. k: Marsilea minuta, 
n: Saccharum spontanearum, o+p:Ludwigia sp. e,f,ij ,l,m and q are not identified. 
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Fig. 4. 7.2: Different types of faulty plantation related to weed management a: lmproper 
completely weeded bund management, b: Adjoining wild vegetation that harbours PB 
& GM, c: Adjoining weed field that nourishes GM, d&e: Asynchronous cultivation of 
paddy that promotes pest carry over, f: Adjoining completely weeded field that drives 
pests to paddy, g and h: Paddy planted along side the taller grasses, this also drives 
pests to paddy. 
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In the plains oflndo-gangetic alluvial region covering the southern parts 

of West Bengal, the predominating species were E. crusgalli, E. co/anum, C.iria, 

C.difformis, Fimbristylis tenera, Eragrostis japonica, Paspalum dicticum and 

Staria glauca. Kim (1990) reported. 92 host weed species belonging to 27 

families from Korean paddy fields of which 30 were common weeds. In 

Australia, the main species competeting with the rice crops were E. crus-galli 

and related genera, C. difformis, DamdSonium minus and Elatine gratia/aides 

(Jahromi eta/. 2001). Ghosh (1980) documented the positive role of weed flora 

on natural enemies. Kandibane (2008) has observed that floristic composition 

governs the pest guild structure and their seasonality. Schoenly et a/. (1998) 

noted significant positive influence of the weed vegetation on some natural 

enemy population. Cruzdela and Litsinger (1986) documented high population 

of mirid bugs in the rice field adjacent to the grassy fallow. 

4. 7.2 Tillage intensity and weed generation 

Tillage practices alter the physical characters of the soil which in turn influence 

the weed generation (3.8.4 in materials and methods). Performance of selected 

major weed species in relation to the yield attributes were studied under 9 

different land preparation techniques, P1 (single plowing), P2 (double plowing), 

P3 (triple plowing), P1H1 (single plowing + one harrowing), P2H1 (double 

plowing+ single harrowing) P1H2 (single plowing+ double harrowing), P2H2 

(double plowing+ double harrowing) P3H3 (triple plowing+ triple harrowing) 

and P1H1R1( single plowing+ one harrowing+ one roto tilling) (Tables. 4.7.2 

and 4.7.3). 

Paddy yield: Except in case of P2H2, there was no significant increase in the 

paddy yield. 

Weed weight: Except in case of P3 and P2H1, weed weight under all 

treatments differed insignificantly during the first time of weeding operation (25 

DAT). The weed biomass was nearly same under all treatments. During the 

second weeding (50 DAT), weed weights in the tillage practices P2, P3, P3H3 

and P3H3 did not vary. The collected weed mass under the second 

operation in P1, P1H1, P2H1 and P1H2 remained nearly the same. Significant 
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variation was noted during third weeding (75 DAT); PI, PIHI, P2Hl and PIH2 

varied insignificantly. Minor variation was noted under P2, P3 and PIHIRI 

treatments at the time required for the third weeding. Weed masses were nearly 

the same under P2H2 and P3H3 practices. 

Table.4. 7.2: Effect ofland preparation techniques on the subsequent weed mass 

generation, time required for weeding practices, yield production and cost 

effectivity 

Average weed weight at the Weeding labour (h lba) " time of weeding .. 
btl'.:: 

" " = .. - " 1'' 2". 3"' 1'' 2". ·- c. .... .. 
PI 442a 391b 292b 106a 178c 

(21.9) (19.7) (17.10) (10.31) (13.3) 

P2 416a 391b 290c IOOa 182c 
(20.40) (19.78) (17.04) (10.02) (13.50) 

P3 395b 397b 280c 102a 300a 
(19.88) (19.93) (16.74) (10.12) (17.33) 

PlHl 409a 400a 307a 95b l94c 
(20.23) (20.01) (17.53) (9.77) (13.94) 

P2Hl 398b 368b 334a 97b 298b 
(19.96) (19.19) (18.28) (9.87) (17.27) 

PlH2 440a 412b 319a l02a ISle 
(20.98) (20.31) (17.87) (10.12) (13.47) 

P2H2 40la 412a 320a 95b l70c 
(20.03) (20.31) (17.90) (9.77) (13.05) 

P3H3 415a 450a 305a ll5a 310a 
(20.38) (21.22) (17.19) (10.74) (17.62) 

PlHlRl 405a 380b 284c l04a 234b 
(20.13) (19.50) (16.86) (10.22) (15.31) 

Control 467d 452a 357d lOOa l82c 
(21.62) (21.67) (18.90) (10.02) (13.50) 

F1gure followed by the same letter are ms1goificaot at 5% level 

Figure in the parenthesis are square root transformed value 

3"' 

406a 
(20.16) 
401a 

(20.03) 
416a 

(20.40) 
393a 

(19.83) 
418a 

(20.45) 
272a 

(16.50) 
270b 

(16.44) 
42la 

(20.53) 
360a 

(18.98) 
416a 

(20.40) 

Grain 
yield C:B 
Qlha 

30.89a 1:1.52b (5.60) 
30.80a 

1:1.52b (5.59) 
30.2la 

l:l.5lb (5.54) 
30.8la l:l.52b (5.59) 
30.29a l:l.5lb (5.54) 
3l.Ola 1: l.53b (5.61) 
33.55b 1: l.58a (5.83) 
30.76a l:l.52b (5.59) 
29.98a l:l.50b (5.52) 
28.24a 

1: l.43c (5.36) 

Table.4. 7.3: Relative proportional requirement of the prom1smg land 

preparation techniques and the respective value of the labour utilized 

Land preparation Labor requirements (h/ha) Fuel 
techniques Man Animal Machine consumed 

(bullock) (Tiller) (lit I ha) 
PIHI 116 117 - -
PI 102 98 - -
PIHIRI 129 117 7 14.00 

(-):Not reqmred 
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Weeding hour/ labour: Except under P2H2 and PIHI, in all other practices the 

times required for the first weeding at 25 DAT differed insignificantly. But during 

the second weeding at 50 DAT, significant differences were noted. P2H2, PI, P2, 

PIHI and PIH2 required nearly same times. Time required for weeding under 

P2HI and PIHIRI differed insignificantly. During the third weeding at 75 DAT 

except PI, all the practices differed insignificantly. 

Cost:Benefit value: Weed biomass and paddy yield under different land 

preparation practices have shown significant to poor levels of relation and with 

different cost: benefit ratios. Except for P2H2, under all the treatments C:B ratio 

remained same; The minor difference was due to the relative efficacy of the 

farmers regarding weeding practices. 

Discussion: The required man power increased with the tillage intensity with no 

major change in the field weed population and the paddy grain production. Except 

under P2H2, the weeding labour requirement (hour I ha) remains same. Intensive 

plowing .significantly alters the physical prosperities of the soil without any 

positive influence on production. The frequency of the YSB larvae was reduced 

under PIHIRI. So, the subsequent pest attack is checked. But the paddy 

production remains unaltered. The unaltered yield was probably due to the 

elimination of the natural enemies following intensive weeding. In addition to 

this, physiological alteration of the soil under intensive plowing indulges other 

soil inhabiting pests. Though YSB larval activity was lowered under PIHIRI, high 

expenditure during land preparation could not be economic for adoption. Plowing 

at higher grades does no provide any additional nutritional benefit to the crop. 

However, periodic weeding minimizes the nutritional competition of the weed 

communities with the paddy plants. In case ofP2H2 yield was the highest. 

4. 7.3 Land preparation techniques and species composition 

Land preparation techniques influence the relative species composition of 

the weed flora which in tum encourages the field pest. Dynamics of four weed 

species was recorded under 9 land preparation techniques with the ultimate 

objective to suppress the pest activity. 
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Weed number I mt.2 of paddy field was recorded highest under check 

which was followed in decreasing order by PlH2, Pl, PlH3, P2Hl, PlHl 

respectively. P2 and P3 generated nearly the same weed population. The 

relative availability (%) of Scirpus articilatus was recorded least under P2Hl 

and highest under PlH3. While Paspalum sp. was counted least under PlH3 

and highest under P2. Under Pl, P3, PlHl and P2H2 the population differed 

marginally. Echinoc/oa sp. and Cyperus spp. collectively were least abundant 

under P3 which was followed by P2 and Pl in ascending order. Nearly same 

frequency of both the species was noticed in case of Pll:II and P2H2. But, in 

PlH2 and PlH3 there was comparatively higher abundance of both the species 

(Figs.4.7.3a and b). 

Table.4. 7.4: Correlation between the weed biomass and the abundance of the 

pests at maximum tillering stage 

Preparation Pests 
techniques YSB BPH GM PB 

Pl 0.123 0.231 0.342 0.121 

P2 0.342 0.312 0.211 0.232 
P3 0.311 0.311 0.342 0.132 

PlHl 0.412 0.265 0.452 0.141 

P2Hl 0.211 0.456 0.332 0.321 

PlH2 0.435 0.331 0.212 0.453 
P2H2 0.355 0.421 0.342 0.234 

P1H3 0.567* 0.411 0.435 0.543* 

PlHlRl 0.589* 0.566* 0.576* 0.456* 

No tillage 0.511 * 0.543* 0.514* 0.543* 
0 *Significant at 5 Yo level 

Weed biomass under PlHl, P2H2, and PlHlRl had little or no 

significant effect on the pest population generation indicating an pest 

independency of the weed biomass production irrespective of tillage practices. 

Significant positive relation between the weed biomass and the YSB as well as 

weed biomass and PB were observed under PlH3. Furthermore, all the pests 

expressed significant positive relation with the weed biomass under PlHlRl 

(Table.4.7.4). 
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. The critical period of crop of weed competition has been observed 

between 30 to 60 days after sowing (Moorthy and Saha 2002}. Moorty (1992) 

has noted that repeated plowing immediately after harvest is advantageous for 

next crop. 

Most of the weed species encountered was found to be the alternative hosts 

of the four major pests under consideration, YSB, BPH, GM and PB. 

Variation in the weed species composition and changes in population size in 

turn, dictated the pest population structure in the field. It is thus suggested 

to adopt P2H2 treatment during land preparation. 

4. 7.4 Tillage practices, occurrence of the alternative host and the incidence 

ofYSB 

4.7.4.1 Effect of different tillage practices on the incidence of YSB in 

relation to the growth stages of paddy: All the tillage techniques were found 

to influence the YSB incidence. The growth stage related dynamics of YSB 

suppression showed that under all the treatments, the combination of one 

plowing + one harrowing + one rototilling (PIHIRI} was found more effective. 

The effect was least when the field was prepared by one plowing (PI). Activity 

of one plowing one harrowing (PIHI} was intermediate (Tables4.7.5 and 4.7.6). 

Table.4. 7.5: Effect of prominent land preparation techniques on the physical 

parameters the soil. 

Condition Land Specific Bulk density Total Void 
oftheland preparation volume (grnlcm3

) porosity ratio 
techniques (cm3fg) (%) 

Before plowing 0.89±0.03 1.02±0.03 60.4±1.7 1.54±05 
After PIHl 0.85 1.07 59.3 1.45 
plowing P2H2 0.83 1.13 57.7 1.30 

PIHlRl 0.96 1.05 56.8 1.54 

Table.4.7.6: Correlation study between the availability of the YSB larvae and 

the physical parameters of the soil 

Specific volume Bulk density Total porosity Void ratio 
-0.567* -0.572* 0.712* 0.532* 
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Irrespective of tillage practices, PlHl and P:tH2 the total porosity (%) 

and the void ratio of the soil remains unaltered after plowing (Table.4.7.6). 

Diapausing YSB larvae showed significant negative relation with the bulk 

density while total porosity and void ratio revealed a significant positive 

relation, indicating that the survivability of the larvae was dependent on the 

physical properties of soil. Land preparation techniques especially the PlHlRl 

brought about the change of specific volume of soil causing the higher mortality 

of the larvae. 

Except PlHlRl, adopted land preparation techniques were found to 

exert profound influence on the viability of the YSB larvae at significant level 

which in tum dictated the pest structure of the field in the next crop. Among the 

tillage combinations, PIHIRI rendered highest level of specific volume of the 

soil; it was thus proved that such treatment was superior to others. 

Adopted land preparation techniques by tilling procedure hardly exercise 

any role on the subsequent weed mass generation. Relative variations observed 

at yield level are insignificant with few exceptions. However, alteration in the 

physical properties of the soil following combinations of tillage techniques 

increases air permeability and thus exerts significant positive impact on the 

biology of YSB with better survival value. 

4. 7 .4.2 Specification of the proper time of tillage practices 

Adoption of proper tillage practices successfully suppressed the 

subsequent generation ofYSB population. As the field was kept unplowed for a 

longer time after a harvesting of the kharif crop the chances of YSB intensity in 

the subsequent boro season was heightened (Figs. 4.7.4a, band c). 

Observations in three consecutive years indicated that retention of the 

stubbles for a longer period in an open field allowed the hibernating pupae to 

complete its life cycle. The YSB pupae in the stubbles gradually increased from 

46 SMW to the maximum at about 2 SMW of the next year, after which the 

frequency gradually decreased. Persistent high level of larva from 1-2 SMW 

had a direct correlation to the subsequent first brood at early February 

(Fig. 4. 7 .4d). 
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Discussion: No definite works were carried out regarding the collective field 

situation after post tillage operation in India. Works so far undertaken elsewhere 

were principally restricted either to the productivity or pest occurrence 

separately without any time and method specification of tillage. 

Tillage reduces borer populations through mechanical damage either by 

burying them deeply into the soil or by breaking the stems and exposing the 

larval to adverse weather conditions (Harris 1962, Ajayi 1990) as well as to the 

predatory complex (Kfir 1993). Cheshire and Griffin (1985) have indicated that 

predators of lesser com stalk borer larvae were more abundant in no-tillage than 

in conventional tillage cropping systems. Cividanes (2002) have shown that no

tillage favours predators. 

Presence of stubble residue after harvest acts as the reservoir of YSB 

pupa for the subsequent outbreak and thus requires immediate time specific 

eradication of stubbles before 1-2 SMW during the next transplantation. 

Proper management of the stubbles is found to be a prime need to check 

the kharif crop from subsequent YSB population. Early destruction of the 

stubbles 2-4 weeks after harvesting and before the emergence of next seed 

generation is thus suggested to avoid the pest out break. 

4.7.5 Land preparation techniques and paddy yield generation 

The highest yield was achieved under P2H2 followed by PlHlRI.The 
' 

least was scored under control under P2 and P3, almost the same yield was 

obtained. Further, PlHland P2Hl differed marginally.PlH2 produced slightly 

lower quantity of grain than P1Hl.P2H2 yielded slightly higher than PlHlRl 

(Fig.4.7.3a). 

Increase in seed rate from 70 to 110 kg I ha can effectively reduce the 

weed biomass (Tosh et a/.1981). Moorty (1990) noted finger weeders /wheel 

hoes supplemented with one hand weeding gave efficiently control the weeds 

thus the chances of pest infestation was curtailed. 

Weed masses were found to influence the grain production in two ways. 

Primarily, weed species at the early growth stages of paddy competed with the 
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paddy plant for both food and shelter which in tum influenced the final yield. 

Secondly, some weed species were selectively advantageous to specific pests. 

As the pest abundance was nearly unaltered under different land preparation 

techniques; it was rather phenological interaction of the weed canopy which 

dictated the yield generation. So, the species abundance rather than the species 

composition acted as an ultimatum for the final yield production. 

Variability of cost effectiveness was noted under different cultivation 

practices. As P2H2 ensured greater returns, it is thus suggested to adopt 

such land preparatory techniques. 

4.7.6 Weeding practices and weed generation 

Hand weeding was carried out by about 79% farmers at different times. 

Application of herbicides was adopted only by about 11% while the remaining 

showed no specific weed-control practices. Experiments were carried out with 

three different time combinations (25, 50 and 75 DAT) during kharif crop and 

their relative impact on the final yield was analyzed. Efficiency of each of the 

three weeding practices was considered in relation to the weed weight 

generation (gm/mt.2
) at reproductive stage and the time of harvesting 

respectively. Yield was assessed after harvesting {Table.4.7.7). 

Table.4.7.7: Effect ofweeding practices on weed generation (gm/0.5 mt2
) 

Weeding 
Weed weight (gm) 

Treatments combinations 

25 50 75 
Reproductive 

Harvesting 
stage 

HWI + - - 17.4ab 88.6 ab 
(4.23) (9.43) 

HW2 - + - 18.4 ab 92.3ab 
(4.34) (9.63) 

HW3 - - + 42.2a 102.3 b 
(6.53) (10.13) 

HW4 + + - 6.5 c 14.1c 
(2.64) (3.82) 

Control 

CV(%) 
Data suffixed by the same letters are non significant 

Figure in the parenthesis are square root tnmsformed value 
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Total Yield 
Weight q/ha 

(gm) 

I06.0a 29.6c 
(10.31) (10.31) 
110.7a 28.9c 
(10.54) (10.54) 
121.4bc 30.7d 
(11.04) (11.04) 
56.3c 32.8ab 
(7.53) (7.53) 
181.9b 27.1e 
(13.50) (13.50) 
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Highly significant negative relation (- 0. 789) between weed biomass and 

grain yield was observed. High level of weed mass generation was noted under 

HW3 followed by HDW2 and HDW1 practices. Weeding operations carried out 

individually at 25DAT, 50DAT and 75DAT had allowed enough time for weed 

generation. Longer the interval of weeding the greater was the weed biomass 

generation. Cost: benefit value showed exponential relationship with the 

collected weed mass. 

Hand weeding is laborious, tedious drudgery and expensive. It may 

require 60-70 persons day I ha (Moorthy 1990). But it effectively controls the 

weed between the rice hills and near the base of the rice plants. Chandrakar et 

a/. (1992) have recommended that chemical control supplemented by hand 

weeding maximize the yield. 

4. 7. 7 Crop establishment method, crop rotation and weed generation 

Crop establishment method and weed generation: Methods adopted for 

paddy crop establishment influence the weed generation. When crop was 

directly seeded in comparison to transplantation, annual grasses were dominant 

than perennial and annual weeds. Annual grasses support all the pests relatively 

at higher levels. Direct sowing permits weeds multiplication without any 

hindrance and to compete with the paddy plant canopy from the very beginning 

of the vegetative stage, the yield was thus reduced. While under transplantation 

techniques the interference of the weed canopies was minimum (Table.4.7.8). 

Table.4. 7.8: Effect of paddy crop establishment methods on the weed mass 

generation (gm I 0.5 mt2
) 

Types of crop . Growth stages of paddy Total Yield 
establishment Vegetative Reproductive weight q/ha 

.Direct sowing 27.2 (5.26) 119.4 (10.94) 146.6 25.2 
(12.12) (5.06) 

Transplanting 19.7 (4.49) 98.4 (9.94) 118.1 30.5 
(10.89) (5.56) 

Figures m the parenthesis are square root transfonned value 

Crop rotation and weed mass generation: Crop rotation noticeably 

influenced the weed mass generation which was studied under three major crop 
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rotation practices taking paddy as one of the major crop components against the 

monoculture field of paddy fields. In each occasion hand weeding was carried 

out at 25 and 50 DAT. Weed generation (mt2
) was evaluated collectively at 

maximum tillering and reproductive stages. Maximum weed was collected in 

paddy-paddy rotation followed by paddy-maize, paddy-pulses and paddy

vegetables in descending order. Fewer weeds were counted from double

copping fields where rice was followed by winter crops. Monoculture supported 

greater weeds (132. 7 weed mass I 0.5 mt2
) while paddy-vegetable rotation 

maintained comparatively low weed level (87.6 weed mass I 0.5 mt2
) 

(Table.4.7.9). 

Rotational practices directly regulate the weed generation which is also 

related to the niche condition. Monoculture fields due to unaltered 

microclimatic components support the maximum weeds. The resultant niche for 

maize field is supposed to be similar to that of paddy field. Cultivation of pulses 

makes the solar radiation available to the ground altering the microclimatic 

components that impedes weed growth. 

As weeds are alternative hosts their growth is to be restricted for living 

the pest numbers. From the stated point paddy-pulses rotation regulates 

considerably prevents weed generation. 

Table.4.7.9: Effect of crop rotation practice on the weed mass generation and 

the final yield 

Crop rotation pattern Weed mass (gm) Yield(qlha) 

Paddy-paddy 132.7 (11.54) 27.7 (5.31) 

Paddy-vegetable 87.6 (9.38) 34.7 (5.93) 

Paddy-pulses 91.4 (9.58) 32.1 (5.70) 

Paddy-maize 104.2 (10.23) 29.5 (5.47) 

Aerial sowing suppressed E. crus-galli. In contrast, sod and combine 

sowing favoured E. crus-galli. Higher intensi~y of cropping favoured all the 

major species as well as some more minor weeds, such as Chara spp. and 

Diplachne fusca in Australia (Me Intyre eta!. 1991 ). 
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As transplanted plantation supports less number of weed, it is thus 

suggestive to adopt the technique rather than the direct seed sowing. 

4. 7.8 Effect of field weeds status on the pest and natural enemy population 

Under conventional paddy cultivation practices weedy vegetations were 

removed during the crop establishment which in tum destroys the habitat of 

natural enemies. Such complete elimination indulges the pest activity and thus 

requires regulated management of weed flora. 

4.7.8.1 On the pest population 

The effect of different time specific conventional weeding practices 

were evaluated against the weed mass generation (1 mt?), yield (qlha) and the 

field pest level. Weeding was done following four different time schedules and 

the collected weed biomass was correlated with the field average pest level of 

the following dates to suggest the proper time of weeding. 

4.7.8.1.1 Numerical abundance 

Yellow stem borer 

Effect of collective weed coverage in consideration of farmers practice: 

Farmers adopt weeding of different combinations. Weed masses (gm I mt.2
), 

YSB egg masses I hill, DH (%) and WH (%) were assessed periodically 

from 8 to 19 WAT from the natural bio-control fields .The weed population 

had a positive influence on YSB egg masses. Higher weed cover ensures 

better available surface area, so the survivability of the available eggs 

(effective egg mass) was increased. So, Greater the weed mass generation 

the higher was the frequency of WH (%). Paddy yield was also negatively 

influenced by the weed cover. From the late vegetative stage, the weed 

canopy competed with the plant canopy both for the space and nutrients 

resulting in reduced yield. Two control was manifested, one without 

weeding and the another by the periodic weeding at 50+ 75 DAT with least 

number of YSB eggs and WH. Weeding practice at only 75 DAT (HW3) 

was least effective with highest weeding coverage I mt. 2 YSB egg masses 

was maximum side by side yield was minimum (Fig.4.7.3c). 
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Effect of weeding practices: Relative efficacy of different weeding 

practices was evaluated in respect of the DH (%)and WH (%).Except in the 

case of weeding at 75 DAT (HW3}, in all the operations there was a steady 

decrease in the weed mass population. The frequency of DH and WH was 

decreased under all the operations, except in HW3 (Fig.4.7.3d}. 

Brown plant hopper: Most of the weeds act as alternative hosts for the BPH 

population. The BPH population decreased under all the management practices 

with the exception of HW3 where pest population increased. marginally due to 

the presence of high weed coverage. BPH dynamics was positively influenced 

by field weed biomass. Frequent weeding halted the pest life cycle (Fig.4.7.5b). 

Gall midge: All the weeding practices effectively suppressed the SS formation. 

Among all the weeding operations HW4 was found to be the most suitable. The 

treatment HWl and HW3 generated moderate amount of weeds (Fig.4.7.5d). 

Paddy bug: Paddy bug sucking causes incomplete and chaffy grains. PB is 

aerial feeder and the activity is restricted only to the late tillering stage thus 

weed cover did not influence the pest dynamics. So, the different weeding 

practices could not influence PB population at all (Fig.4.7.5a). 

Of all the combinations considered, HW4 generated comparatively low 

weed biomass and the percentage of DH and WH was relatively low. The 

treatment HWl and HW3 generated moderate amount of weeds. No direct 

influence of the weed cover upon the activity of the PB at the early growth 

stages was noted. HW4 reduced the uneven nutritional competition of the paddy 

plant with the weed canopy. 

4. 7 .8.1.2 Correlation study analysis of pest abundance with weed biomass: 

Weed mass collected at vegetative stage following high tillage practice 

(PlHlRl} showed significant positive relation with the field population ofBPH 

and GM. While YSB and PB expressed insignificant positive relation. All the 

pests showed moderate to high range of significant positive relation with the 

weed biomass at reproductive stage (Table.4. 7.1 0). 
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Table.4.7.10: Correlation between the stage specific weed biomass and the pest 

abundance 

Growth stages YSB BPH GM PB 
of paddy 

Vegetative 0.442 0.572* 0.571 * 0.141 
Reproductive 0.711 * 0.678* 0.546* 0.489 

(*) significant at 5% level 

Growth stage specific phenological alteration of both paddy plant and 

weed population was observed. As the paddy growth stage advanced, higher 

weed mass together with the higher foliage of paddy plant supported higher pest 

numbers. However, GM and PB are more responsive to the late growth stages. 

Such paddy growth stage related changes in pest population structure continued 

till the establishment of the pest on paddy. 

4.7.8.1.3 Selection of proper weeding practice 

Weed mass collected under different weeding practices was correlated 

with the field dynamics of the pest at tillering stage. The amount of the weed 

mass under no weeding practices was assessed after the end of the tillering 

stage. YSB and BPH abundance in HW1 and HW2 were significantly and 

negatively related with the weed mass. While in case of GM and PB both 

insignificant and significant negative relation was mostly found.HW3 and HW 4 

offered a high level of significant negative relation with the YSB and BPH and 

insignificant negative relation with PB and GM (Table.4. 7.11 ). 

Table.4.7.11: Correlation between pest abundance and weed biomass under 

different hand weeding practices 

Weed biomass YSB BPH GM PB 
HWO 0.862* 0.968* 0.567* 0.461 
HW1 -0.548* -0.624* 0.342 -0.445 
HW2 -0.791 * -0.598* -0.611 * -0.378 
HW3 -0.522* -0.648* -0.403 -0.431 
HW4 -0.572* -0.767* -0.321 -0.411 

(*) significant at 5% level 
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Irrespective of the methods and times the hand weeding restricted the 

pest abundance Weed biomass (gm I mt2
) generated in each of the four weeding 

practices was correlated with the pest occurrence at the tillering stage. 

All the weeding practices showed a significantly negative effect on all 

the pests. The only exception was noted for HWl method which had 

insignificant positive relation with GM. Weeding restricted alternative food 

resources, multiplication and survival of the pests. However early weeding at 25 

DAT in HWI imparted very little effect on GM population and hence there was 

no change in pest numbers. HWO showed both positively insignificant (for PB) 

and significant (for YSB,BPH and GM) relation. 

As weed masses at vegetative stage was found to influence the 

population of YSB and BPH in the high yielding variety, HW4 practices 

imparted positive role to control these pests. However weeding practices at 

reproductive stage had been found crucial to check all the pests. Weeding 

practices was found to be the decisive factor as all the pests except PB was 

found to be influence by the weed biomass. 

Discussion: No references relating to the intensity of weed biomass and the 

field pest level in relation to their extent of damage are available in India. 

Works so far undertaken elsewhere were mainly concerned to trace the relative 

influence of the weed biomass on the collective yields with superficial 

observation on the paddy field pest intensity. Correlation study indicates that 

the weed flora as alternative food sources positively influence the pest 

multiplication. Pruning of the weeds in lieu of clean cultivation together with 

the field scouting at specific time in relation to the growth stage of paddy is 

essentially required. So, the available surface area for oviposition is restricted 

resulting in comparatively low egg masses/mt 2
. 

Afun eta!. (1999) studied the effects of five weed management practices 

on weed abundance, insect pests, and generalist predators, damage caused by 

the pests and yield in upland rice ecosystem in Cote d'Ivoire over two years. In 

both the years there were highly significant negative correlations between the 

weed biomass and grain yield in all the treatments. However, abundance of the 
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pest was positively influenced by the presence of weed biomass. Selective 

destruction of the weeds at proper time would enable to minimize the 

subsequent pest incidence. Ombir and Chouhan (1989) found that in northern 

parts oflndia selective destruction of Vicia sativa could minimize the incidence 

of Helicoverpa in chickpea fields. 

Weeding practices reduces the abundance of YSB and BPH. Restricted 

insignificant and significant effect of weeding was noted for GM while very 

little influence has been found on PB at early growth stages. In HW2 significant 

negative relation has been obtained with all the pests except PB, implying a 

positive role of the generated weeds on the pests' dynamics. Thus, in 

consideration of all the weeding practices it is suggestive to adopt the HW2 

method. 

4. 7 .8.2 On the natural enemy population 

Effect of hand weeding practices on the dynamics of each of the four 

natural enemies at two growth stages was evaluated separately for four weeding 

practices against control. In general, all the practices restricted the size of the 

natural enemy's population. However, the effect is profound at reproductive 

stage. 

4.7.8.2.1 Numerical abundance 

Natural enemy dynamics and weeding practices 

Spider: Spider population varied considerably under different weeding 

practices. Higher number of spiders' population was noted under HWO. 

Followed by HWl in descending order. HW3 ranked next. The least was noted 

in case of HW4. Reproductive stage of paddy supported comparatively higher 

number of spider population than the vegetative stage (Table 4. 7.12). 

Bug: In HWO and HWI treatments the bug population remained at the same 

level. Least number was noted under HW2 while HW4 supported moderate 

range of bug population. 

Beetle: Highest number of beetle population was noticed in HWO and the least 

inHW2. 
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Fly: Throughout the entire growth stages of paddy, the level of fly population 

was very low. No major alternation of the fly population was noticed for 

different weeding practices. 

Table.4. 7.12: Effect of hand weeding status on natural enemies (individuals I hill) 

Weeding practices in relation to two growth stages of paddy 

Natural HWO HWl HW2 HW3 HW4 
enemies 

Vg Rp Vg Rp Vg Rp Vg Rp Vg Rp 

Spider 
2.11 2.32 1.92 1.03 1.11 1.21 1.73 1.87 0.84 0.89 

(1.61) (1.67) (1.55) (1.23) (1.26) (1.30) (1.49) (1.53) 91.15) (1.1 7) 

Bug 
1.42 1.38 1.23 1.28 0.92 0.69 1.22 1.34 0.95 0.81 

(1.38) (1.37) (1.31) (1.33) (1.1 9) (1.09) (1.31) (1.35) (1.20) (1.14) 

Beetle 
1.93 2.01 1".64 1.78 0.93 0.99 1.51 1.57 1.66 1.71 

(1.55) (1.58) (1.46) (1.50) (1.1 9) (1.22) (1.41) 91.43) (1.46) (1.48) 

Fly 
0.91 1.01 0.71 0.87 0.51 0.65 0.73 0.88 0.52 0.61 

(1.18) (1.22) (1.10) (1.17) (1.00) (1.07) (1.10) (1.17) (1.17) (1.05) 

V g: vegetative, Rp: Reproductive stage 

Figure in the parenthesis are square root !Iansfonned value 

4.7.8.2.2 Correlation analysis of natural enemy abundance with weed 

biomass: The relative impact of the weed biomass was assessed in respect of 

two respective growth stages of paddy, the vegetative and reproductive stages. 

At the vegetative stage, the field weed biomass showed a significant positive 

relation with the bug and beetle population. However spider and fly population 

showed very low insignificant positive relation. But at reproductive stage, all 

the natural enemies showed significant positive relation (Table.4.7.13). 

At vegetative stage weed biomass had significant positive relation with 

all the natural enemies except the spiders and fly. Spider generally invades the 

paddy field at late vegetative stages; therefore, early weeding had little 

influence on spider population. However at reproductive stage of paddy weed 

biomass exhibited significant positive relation with all the natural enemies. 

Results indicated that weeding, in general, hampers naturally colonization, but 

the effect is more prominent at late growth stages. 
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Table.4. 7.13: Correlation between the weed biomass and the number of natural 

enemies 

Growth stages of paddy Spider Bug Beetle Fly 

Vegetative 0.324 0.553* 0.514* 0.327 

Reproductive 0.711 * 0.678* 0.666* 0.711 * 
(*) Significant at 5% level 

Both the pests and natural enem1es were found to be positively 

influenced by the standing weed biomass. Adoption of improper weeding 

practices may thus impart detrimental effect to the natural enemy density. 

Retention of weed biomass in patches at specific sites may prove alternative 

solution to restore the natural enemy at field level. 

4. 7 .8.2.3 Selection of proper weeding practice: In order to evaluate the impact 

of weeding practices on the status of natural enemy populations, the collective 

weed biomass was correlated with them. HW1 showed a significant positive 

relation with bug, insignificantly positive with spider and beetle, and finally 

insignificantly negative relation with fly population. HW2 showed significant 

negative effect on all the natural enemies. Similarly, HW3 imparted significant 

negative effect on all the natural enemies except the bug where the relation was 

negative but insignificant. However HW4 exhibited insignificant negative 

relation with all the natural enemies. On the whole, in HW2, HW3 and HW4 the 

degree of negativity in respect of different species of natural enemies differed. 

Rampant hand weeding restricted the activity of the natural enemies, justifying 

the need of judicious management (Table.4.7.14). 

Table.4.7.14: Correlation between pest abundance and weed biomass under 

different weeding practices 

Weed biomass Spider Bug · Beetle Fly 
HWO -0.762* 0.868* -0.507* 0.431 
HW1 0.448 0.504* 0.311 -0.411 
HW2 -0.701 * -0.871 * -0.600* -0.543* 
HW3 -0.512* -0.408 -0.513* -0.563* 
HW4 -0.471 -0.441 -0.311 -0.422 

(*) significant at 5% level 
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Selection of HW4 could minimize the pest attack. All the weeding 

practices except HW41ess detrimental to the natural enemies. Adoption ofHW4 

practice together with the retention of the weed communities near the border 

vegetation by 'bund management' could act as the alternative protective source 

for the natural enemies. 

Discussion: Weeds around crop fields act as alternate hosts for natural enemies, 

providing seasonal resources to bridge the gaps in the life cycles. Present 

finding corroborates with the work of Settle et a/. (1996) who have found that 

manipulation of weed flora conserves the natural enemy population. Similarly 

Altieri (1995) had advocated that proper manipulation of weed communities 

enhances natural enemy population. Competition of rice canopy with weedy 

vegetation above the critical level steadily reduces the yields. However weeds 

provide protection and resources for other generalist predators. Thus clean 

weeding is conducive to pest damage (Altieri and Gliessman 1983, Altieri and 

Whitcomb 1988, Ezueh and Amusan 1988). Nalini el a/. (2001} have found that 

unwedded rice field serves as reservoirs for pests, WBPH (1.82 individuals I 

tillers) and the natural enemies C. lividipennis (26. 75 individuals I tiller) spider 

(8.30 individuals I tiller). Rapparini (2001} also has recommended scientific 

weed removal for pest control. 

Proper manipulation of weed vegetation adjacent to crop fields promotes 

biological control, since the survival and activity of natural enemies often 

depend upon the resources provided by the vegetation around crop fields. 

It is thus suggested to adopt the HW4 procedure with the retention of some 

weedy vegetation to the nearby fields in patches. Such vegetation will act as 

over wintering sites for enemies and provide increased resources such as 

pollen and nectar for predators from flowering plants. 

4.7.8.3 Water depth, weed management and pest abundance: Periodic 

submergence of paddy fields inhibits weed generation. Farmers commonly 

maintain different water depth during the growth stage of paddy. Such water 

level favours weed germination and growth. Proper management of the water 
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stress was thus found crucial to minimize the host plant generation and to boost 

up the yield. 

Correlation analysis of weed biomass with water depth: Influence of the 

different field water depth on the generation of the weed biomass was assessed. 

In all the cases, negative but insignificant relation was noticed between the 

water level and the weed biomass at vegetative stage. At reproductive and early 

ripening stage, water level imparted significant negative effect on the weed 

biomass. However, in control plots of no water weed mass showed significant 

positive relation in both the growth stages of paddy (Table.4.7.15). 

Table.4.7.15: Correlation between the water depth and the weed biomass two 

growth stages of paddy 

Water depth(cm) Vegetative Reproductive 

0.0 0.511 * 0.654* 

2.5 -0.323 -0.543* 

5.0 -0.435 -0.675* 
(*)- Significant at 5% level 

4. 7.9 Field pest dynamics of transplanted paddy as affected by the adopted 

water stress management practices: In order to asses the relative efficacy of 

the water regimes, variable ranges of standing water level as normally 

maintained by the farmers were maintained in the paddy field with respect to 

the growth stages of paddy and compared with the control of fixed water depth 

(Tables.4.7.16a and b). 

4.7.9.1 Numerical abundance: Relatively low profile of some pests (YSB, 

BPH) was observed after water stress management while the levels of other 

pests were marginally increased. Although the incidence of all the pests were 

noticed from the very beginning of transplantation, with the advent of higher 

growth stages the relative population remained unaltered. Alternative flooding 

offered mechanical rigidity to the paddy plant, thus rendered the YSB larvae 

incompatible for boring. Periodic flooding and draining altered the 

microclimatic environment at the base of the plant canopy, unsuitable for BPH 
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accommodation. However, retention of water caused canopy wetness which in 

tum attracted the GM population. 

Table.4.7.16: Abundance offour major pests at different depths of field water 

A. At different depths as recorded from the conventional practices by the 

farmers 

~ j Abundance of the pests 

cS ( individuals /hill) 
Stage(s) Sub stages Weeks Water 

level 
YSB BPH GM PB 

(em.) 

0.68 1.21 0.21 0.47 
Seedling 1-2 

(1.08) (0.98) (0.84) (1.25) 

0.79 2.34 0.24 0.52 
Transplanting 1-2 

(1.13) (1.00) (0.86) (1.27) 

0.98 6.25 0.47 0.74 
Vg Early 1-2 2-3 

(1.21) (1.11) (0.98) (1.31) 

1.31 7.11 0.81 0.82 
Tillering Middle 3-5 3-4 

(1.34) (1.14) (1.14) ( 1.35) 

2.12 7.25 0.91 1.14 
Late 6-7 3-4*** 

(1.61) ( 1.28) (1.18) (1.45) 

2.41 7.81 1.34 1.48 
Booting stage 8-9 4-5 

(1.70) (1.40) ( 1.35) (1.48) 

121 8.21 1.42 1.58 
Rp Heading 10-11 4-6 

Panicle initiation (1.30) (1.44) (1.38) (1.34) 

stage 0.98 8.45 1.51 1.67 
Flowering 12-13 5-7• 

(1.21) (1.47) (1.41) (1.31) 

0.92 8.69 1.62 1.84 
Milk stage 13 5 

(1.19) (1.52) (1.45) (1.30) 

0.62 9.04 0.82 1.61 
Mt Dough stage 13-14 5-7 

(1.05) (1.45) (1.14) (1.24) 

0.51 9.21 0.41 0.94 
Maturation 14- 15 4-5•• 

(1.00) (1.20) (0.95) (1.22) 

(*)Constant water level was mamtarned, (**)drained water level before 10-12 days of harvest, 
(***) alternatively drained 
Vg- Vegetative stage, Rp- Reproductive stage, Mt- Maturation stage 
Figures io the parenthesis are square root transformed value 
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B: At fixed water depth (regarded as control) 

~ !3 Abundance of the pests 

'"' Stage(s) Sub stages Water (individuals /hill) 
0 l'l .. Weeks level 

\!) ~ 

(em.) YSB BPH GM PB 

Seedling 1-2 
0.91 4.31 0.18 0.22 

(1.18) (2.19) (0.82) (0.84) 

Transplanting 1-2 
1.19 5.37 0.19 0.39 

(1.30) (2.42) (0.83) (0.94) 

Vg Early I -2 1-2 
1.28 7.55 0.35 0.65 

(1.33) (2.83) (0.92) (1.07) 

Tillering Middle 3-5 1-2 
1.81 9.15 0.67 0.67 

(1.51) (3.10) (1.08) (1.08) 

Late 6-7 1-2 
2.74 13.85 0.81 1.09 

(1.80) (3.78) (1.14) (1.26) 

Booting stage 8-9 1-2 
2.81 16.41 1.07 1.27 

(1.81) (4.11) (1.25) (1.33) 

Rp Heading 10 -II 1-2 
1.47 18.11 1.42 1.32 

Panicle initiation (1.40) (4.31) (1.38) (1.34) 
stage 

Flowering 12-13 
1.34 15.15 1.31 1.41 

1-2 
(1.35) (3.95) (1.34) (1.38) 

Milk stage 13 1-2 
1.22 10.19 1.41 1.54 

(1.31) (3.26) (1.38) (1.42) 

Dough stage 13-14 1-2 
1.21 7.24 0.67 1.41 

Mt (1.30) (2.78) 91.08) (1.38) 

Maturation 14- 15 1-2 
1.02 5.21 0.22 0.32 

(1.23) (2.38) (0.84) (0.90) 

(*)Constant water level was mamtamed, (**)drained water level before 10-12 days of harvest, 
(***) alternatively drained 

Vg- Vegetative stage, Rp- Reproductive stage, Mt- Maturation stage 

Figures iu the parenthesis are square root transformed value 

4.7.9.2 Correlation between the water depth and the pest performance: 
' 

Standing water of variable depths at late vegetative stage (2.5 or 5.0 em) 

showed significant negative effect on YSB moth incidence. BPH population 

also was negatively influenced at significant level in comparison to control 

fields without standing water. The dynamics of GM population was positively 

dependent of water stresses. Water depth showed insignificant positive effect on 

paddy bug population. Thus the effect of standing water is significantly 

pronounced on YSB moths and BPH at negative level, almost positive on GM, 

low or nil on PB. 
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So, except PB, all other pest frequencies were significantly influenced 

by the field water regimes. (Table.4.7.17). 

Table.4.7.17: Correlation between the water depth and the pest incidence 

Water depth (em) YSB BPH GM PB 

0.0 0.423 0.543* 0.466 0.511 * 
2.5 -0.556* -0.511 * 0.541 * 0.097 
5.0 -0.571 * -0.675* 0.545* 0.067 

(*)- Stgnificant at 5% level 

Discussion: Moisture regimes disapprove the generation of suitable 

microclimatic zones conducive for pest multiplication. Further retained water 

displaces BPH in search of favourable niche, to the upper canopy of paddy is 

again, which invaded by the lady bird beetle and thus enhances higher degree of 

predation. Activity of PB is restricted to the upper part of the canopy thus 

escaping from the effect of water regimes. However negative hydrotropic 

behaviour of neonates of YSB restricts it from stem penetration to some extent. · 

Field water regimes are thus found to influence the dynamics of the pests in two 

ways. Primarily, at the early vegetative stage stagnant water inhibits the weed 

germination thereby discouraging the generation of alternative hosts of the pests 

generation. Secondly, alteration of microclimatic environment due to alternative 

draining disfavours pest multiplication. 

Study at the CRRI, Cuttack has revealed that grain losses due to pre

submergence and post-submergence was 25 and 17% respectively in low land. 

Deep plowing and sub soiling restrict weed emergence (Nyarko and De Datta 

1991). References relating to the impact of water management on the paddy 

pest bionomics are very much restricted. Mehta et a!. (1987) observed that 

irrigation significantly reduced the incidence of major pests in chickpea in 

India. Rivany (1967) reported from Israel that injudicious irrigation has been 

conducive for Chilo agamemnon developement. Deal (1964) observed that the 

intensity of C. infuscatellus had a relation to the frequency of irrigation. 

Chowdry and Sharma (1960) similarly found that incidence of Sesamia. 

inferens could be controlled by proper water stress management. Water 
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management reduces rice water weevil, Lissorhoptrus oryzophilus in Louisiana, 

USA (Quisenberry eta/. 1992). 

Suppression of the weed vegetation by periodic water stress management 

can effectively check the pest population. But retention of more than 2.5 em 

deep field water was found uneconomic as no major change in the field 

pest population was noticed in the subsequent stages. 

4.7.10 Collective effect of the water stress and the weeding operation on the 

yield generation: Collective impact of both water stress management and 

weeding performance in relation to the grain production was assessed. Hand 

weeding was performed at 25 and 50 DAT (HW4) under three variable water 

stress conditions at late vegetative stage against the field without weed control 

which was considered as control. Yield increased substantially when the water 

depth was increased from 2.5 to 5.0 em. No further improvement of the 

productivity was noted when the depth was increased from 2.5 to 7.5 em. At 2.5 

em water treatment comparatively higher yields were obtained than the other 

treatments. Retention of 7.5 em water hiked management expenditure and 

reduced the production; the net result was being low cost benefit ratio. The 

'control' fields showed comparatively lower benefit than the fields under 

weeding operation (Table.4.7.18). 

Table.4.7.18: Mean grain yield (q I ha) and cost effectivity of transplanted 

paddy in relation to different depths (em) of water weeding 

Weed control I No weed control 

Field water level (em) 

2.5 5.0 7.5 2.5 5.0 7.5 

Yield C:B Yield C:B Yield C:B Yield C:B Yield C:B Yield 

32.45 1:1.51 33.27 1:1.62 30.12 1:1.48 28.11 1:1.34 29.12 1:1.47 27.08 

Standing water suppresses the weed germination and growth, reduces 

the competition of the plant canopy with the weedy vegetation for nutrition. But 

282 



Results and Discussion 

higher depth of water hindered the utilization of the applied N to the plant. The 

extent of yield loss ranged up to 17% in Swarna Mashuri. 

In India, weed-induced loss is around 33% of the total losses ranging 

from 12.8% to 24.4% after herbicide applications over manual weeding. Study 

at ICRISAT (International Crop Research Institute for Semi Arid Tropics), 

Hyderabad indicates that the per cent yield reduction ranges up to 70 due to the 

phenological interaction and by the of the pest multiplication. Study by AICRP 

indicates that the losses may range up to 16.9% in unwedded and transplanted 

paddy 

Synchronized time specific water management and weeding 

practices can effectively increase the yield. Collective management of two 

practices comparatively attributes more yield than a single management. 

Management of water depth at ofS.O em has been found more economic in 

consideration of the cost of production. 
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4.8 Impact of Selected Cultural Practices on the Pest Incidence 

Cultural control of insect pests involves appropriate cultivation practices 

for a given locality. This requires a thorough knowledge of life history, 

behaviour and ecology of a particular pest species as well as of its host(s) 

(Fagan 2002). The most vulnerable growth stage(s) in the life cycle must be 

determined and accordingly befitting management practices should be 

developed. Farmers in the area of study follow a variety of cultivation practices. 

Chapter elaborated the relative consequences of some of the cultivation 

practices on the incidence of all the pests. Simultaneously the effect of some 

practices which interfere with the biology of a particular pest were considered 

individually. 

4.8.1 Comparative dynamics of pests in some major crop rotation practices 

A total of 32 types of crop rotation practices with reference to 

paddy as the major crop were observed among the villages. Out of these six 

types of rotation were mostly practised by the farmers. 

Cultivation of three paddy crops in a year headed the list. Rotational 

cultivation of paddy with maize I lentil or jute or wheat ranked next. Paddy in 

rotation with pulses and vegetables contributed about 16% and 1 0% 

respectively. Relative dynamics of all the pests had been assessed at late 

vegetative stage and on the basis of symptoms at late tillering stage by hill 

estimation separately to quantify the comparative impact of a particular 

rotational practice. 

Yellow stem borer: Rotational cultivation of paddy with green manure 

(Sesbania sp.) registered least number of YSB with 1.45 individuals I 5 hills 

while the highest was noted in case of rotation with paddy-paddy (Fig.4.8.1a). 

The intensity of DH and WH has a positive relation with the pest 

intensity. The highest level of DH and WH was noted in case of three 

consecutive paddy crops while the least was scored in paddy-green manure 

rotation. 
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Fig. 4.8.1: Effect of different types of crop rotations on the incidence of the 
four major pests and their consequent damages. a: YSB, WH and DH, b: BPH 
and leaf area damage, c: GM, silver shoot and parasitized gall, d: PB and 
unfilled grains. 
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Brown plant hopper: The least number ofBPH was recorded in case of paddy

green manure rotation. Only three paddy crop a year registered highest number 

ofBPH population with 21.5 individuals I hill. The least level of damaged leaf 

area (DAL%) was noted in paddy-green manure rotation while the highest was 

observed in case of three consecutive paddy cultivation with any rotation with 

other crop (Fig.4.8.lb). 

Gall midge: The numerically GM and SS% was highest in fields when only one 

rice crop is cultivated in a year. The least number ofGM and SS% was noted in 

rice-green manure rotation. 

Rate of gall parasitization appeared density dependency on the available 

field galls. Paddy-fallow cultivation showed the PG"/o was the highest in the 

former case while the least was in case oflater (Fig.4. 8.1 c). 

Paddy bug: Comparatively high level ofPB was observed under paddy-paddy

paddy cultivations followed by paddy-maize cultivation. However paddy-green 

manure fields also suffered from PB attack by high numbers(Fig.4.8.ld). 

Highest level of PB induced damage was noted in paddy-paddy-paddy 

rotation followed maize-paddy cultivation. Least number of unfilled grain 

(UG"Io) was found in paddy-jute rotation which was followed in ascending order 

by paddy-pulses and paddy-vegetable rotation. 

The least level of pest occurrence was observed in paddy-pulses 

followed by in ascending order by jute-paddy and fallow- paddy rotation. 

Discussion: The intensity of the different pests is directly related to the amount 

of available field nitrogen. Cultivation of green manure acts as a chiefN source 

for the subsequent paddy cultivation. Decomposed leaf litter has an additional 

benefit on the following cultivation for providing N as a matrix of slow releaser. 

In the absence of food YSB could survive up to a period of six months with an 

extended larval period in the field stubbles (Heinrichsl984). Interruption due to 

cultivation of paddy altered with other crops especially the green manure or jute 

with proper plowing helps to check the subsequent out break of the stem borer. 
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Intercropping of rice with cow pea and green gram effectively controls 

the weeds (Moorty 1992) which may be the alternative host of the paddy pests. 

Crop rotation interferes with the life cycle of major pests and thus lowers the 

range of their of the survival. Under integrated cereal development programme 

(ICDP) and accelerated maize development programme (AMDP) cultivation of 

maize along with pulses have been suggested in the district of Uttar Dinajpur to 

economize the benefit. But Maize is known as be the alternative host of YSB 

and BPH resulting in the appearance of a larger population in the subsequent 

paddy cultivation. Effect of maize cultivation in rotation with paddy has very 

little positive effect upon the subsequent GM and PB population. But the 

intensity of all the pests has been relatively low in the paddy field where the 

cultivation of paddy is rotated with pulses. Because the life cycle of pests is 

distracted due to the absence of host plant. Paddy cultivation followed by the 

fallowing the land has resulted in high pest level in comparison to that of 

paddy- paddy cropping. Because, the ratoon crops of the open paddy fields 

provide enough opportunity to carry over the pests after harvest. 

Very little references are available regarding the effect of crop rotation 

on the dynamics of paddy field pests. Panwar (2002) observed in Haryana a 

high incidence of the stem borer P. perpusila in paddy fields adjacent to the 

sugar canes. The impact of the crop rotation on the pest population has been 

studied by different authors. Tomar et a/. (2003) have advocated that paddy

wheat rotation system in western U.P has been an effective way to suppress 

paddy pest population and side by side to increase the yields. 

Thus, it is evident that the. incidence of paddy pests has been the lowest in 

case of green manure-paddy cultivation followed by jute-paddy rotations in 

ascending order. However, in general the effect of the crop rotation has 

been considerable. Hence, suitable crop rotation practice may be adopted 

by the farmers depending on the relative opportunity and befitting the 

local conditions. 
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4.8.2 Relation between different paddy varieties commonly cultivated by 

the farmers and the extent of YSB incidence 

A total of 12 commonly cultivated high-yielding varieties were 

evaluated for their susceptibility to YSB attack so that the suitable 

variety/varieties for an area may be recommended. The mean observations of 4 

consecutive years were considered for the standard evaluation system (SES). 

The percentage of the farmers selecting particular variety/varieties was also 

taken in consideration after taking in percentage. The superiority of a variety 

was evaluated in due consideration of its relative rank. 

The occurrence of YSB induced damage was maximum in Sabita and 

Lalat. The least level of pest damage was observed in IR64. The varieties, 

Ratna, Nagarjuna, Vijeta, IR72 and Gobinda were almost free from YSB 

damage with a scoring value 01 and were placed under resistant(R) category. 

Swarna appeared susceptible variety with a scoring value 7, where Lalat was 

considered as moderately susceptible variety as it scored 5. IR64 and IR36 

scored 0 and were regarded as highly resistant (HR) (Table.4.8.1). 

The ascending order of the high yielding varieties in respect of the 

degree ofYSB damage is as follows: 

Swarna > Sabita > Lalat > Vijeta > Nagarjuna > 

Mashuri > IR72= Gobinda > JR50 > Ratna > JR36 = JR64 

Discussion: In most of the studies by different authors the screening of the 

paddy germplasm for YSB susceptibility was restricted to the high yielding 

varieties. Pandey (2003) has noted variable range of resistance on some selected 

high yielding varieties and recorded the minimum WH in Rqjshree and the 

maximum in Radha. 

Screening of commercial rice cultivars (ASD 19, ADT 39 and IR 20) by 

Ragini et a/.(2001) has revealed that these cultivars are more susceptible to the 

infestation by YSB and pink stem borer (PSB) than by the dark headed borer 

(DHB). 
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Table.4.8.1: Resistance status of paddy varieties to YSB attack 

fanners Incidence of YSB 
SES Cultivar cultivate (appearance of WH+DH in percentage) Resistance 

(%) 2003 2004 2005 2006 Mean 
score status 

9.8 
15.7 12.6 13.9 13.00 Sabita 06 (3.20) 

(4.02) (3.61) (3.79) (3.67) 
5 MS 

Mash uri 11 
3.4 2.3 2.8 2.5 02.75 

1 R (1.97) (1.67) (1.81) (1.73) (1.80) 
Swama 

25 
21.7 20.4 30.1 32.6 26.20 

7 s (4.71) (4.57) (5.53) (5.75) (5.16) 

IR50 10 
2.4 2.5 2.5 2.9 02.57 

1 R 
(1.70) (1.73) (1.73) (1.84) (1.75) 

IR64 07 
0.0 0.5 0.4 0.7 00.40 

0 HR 
(0.70) (1.00) (0.94) (1.09) (0.94) 

Ratna 09 
1.2 0.0 0.7 0.4 00.57 

1 R 
(1.30) 0.70 (1.09) (0.94) (1.03) 

IR36 08 
0.2 0.4 0.4 0.6 00.40 

0 HR (0.83) (0.94) (0.94) (1.04) (0.94) 

Nagaijun 05 
4.2 1.8 3.0 4.6 03.40 

1 R 
(2.16) (1.51) (1.87) (2.25) (1.97) 

Vijeta 03 
5.1 2.5 4.9 2.7 03.80 

0 R 
(2.36) (1.73) (2.32) (1.78) (2.07) 

Lalat 06 
13.5 9.3 12.8 13.4 12.25 

5 MS 
(3.74) (3.13) (3.64) (3.72) (3.57) 

IR72 07 
2.7 2.4 2.6 2.7 02.60 

I R 
(1.78) (1.70) (1.76) (1.78) (1.76) 

Govinda 03 
3.5 1.9 2.7 2.3 02.60 I R 

(2.00) (1.54) (1.78) (1.67) (1.76) 
SE(±) 0.93 

CD(p=0.05) 2.82 
R-resistant, HR- highly resistant, S- Susceptible, MS- moderately susceptible, MR- moderately 

resistant, HS- highly susceptible 

Figure in the parenthesis are square root transformed value 

Rubia-Sanchez et a/. (200 1) have observed that the mortality of first and 

second instar larvae ofYSB in indica rice cultivars IR36, IR40, IR62 and IR72 

during the vegetative stage and found that the larval mortality inside leaf 

sheaths has been highest in IR40. The most susceptible cultivar, IR62, has an 

average of 6.2 larvae I tiller; with 92% live larvae I hill (consisting of 2 rice 

seedlings). IR40 showed only 1.6 larvae I tiller, with only 7% live larvae I hill. 

Selection of variety/varieties among the commonly cultivated 

cultivars appears to be difficult for an area where YSB is endemic. As 

Swarna, Sabita and Lalat are more susceptible, their cultivation is required 
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to be restricted. Relative variation in the damage of the pest on different 

varieties is due to their different phenology and physiology. 

4.8.3 Specification of dose of N fertilizer and hill distance in relation to pest 

incidence 

Effect of N fertilizer and spacing on BPH: Maximum number of BPH was 

found under 120 kg I ha applications while the least was scored at 0 kglha. As 

the doses of fertilizer were increased the intensity of the pest was intensified 

proportionately. Closer spacing at 15 x 10 em harboured BPH population to a 

greater intensity. As the spacing was ·increased the intensity decreased steadily 

in all the experiments. 

CD value for N level was found 6.21 and for spacing 5.91. CD for 

interaction was 10.84 signifying that closer the spacing higher will be the BPH 

abundance. In areas where BPH is epidemic, 15x20 spacing with moderate N 

application 80 kg I ha is suggested for the farmer (Table.4.8.2). 

Table.4.8.2: Effect of different doses of inorganic N fertilizer and spacing on 
the abundance ofBPH at panicle initiation stage 

N level Gap distance (em.) 
(kg/ha) 

15x10 15x15 15x20 25x25 30x30 Avg 

0 13.67 12.21 11.24 10.03 9.11 11.25 

40 18.98 17.11 16.87 15.67 14.08 16.54 

80 23.34 21.54 19.67 18.21 16.56 19.86 

120 28.21 23.32 22.45 21.33 19.87 23.03 

Avg 21.05 18.54 19.55 16.31 14.90 NA 

CD for N level 6.21 

CD for spacing 5.91 

CD for interaction 10.84 

NA-Not applicable 

Effect of N fertilizer and spacing on GM: Maximum range of damage was 

accounted under 80kg I ha N application. Although a steady decrease m' · 

infestation with the increment of supplemented dose was noted in Hemtabad. 

The least level of infestation was found at 30 x 30 em spacing in all the 

three blocks. Higher the range of spacing the lesser was the GM induced 
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damage. Damage by GM has been quite high and increased significantly when a 

high dose ofN was added. CD for N level was 2.38 while CD for spacing was 

2.08. The interactions between the two factors were 4.52 and significant. 

Average values of infestation at closer spacing of 15 x 10 em and 15 x 

!Scm were relatively high. With some exceptions, grossly the infestation by 

GM has a positive association with the applied N doses while it has a negative 

relation to the hill distances (Table.4.8.3). 

Table.4.8.3: Effect of different doses of inorganic N fertilizer and spacing on 
the abundance of GM at panicle initiation stage 

N level Hill distance (em.) 
(kg/ha) 15x10 15x15 15x20 25x25 30x30 Avg 

0 10.12 9.01 9.78 8.56 6.90 8.87 

40 11.72 11.12 10.37 9.45 7.97 10.12 

80 14.12 12.76 11.71 10.11 10.91 11.92 

120 15.71 13.78 12.92 11.37 11.69 13.09 

Average 12.91 11.66 12.26 9.87 9.36 NA 

CD for N level 2.38 

CD for spacing 2. 08 

CD for interaction 4.52 

NA-Not applicable 

Discussion: Very few references are available relating to the pest intensity and 

the hill distances. Chandrakar and Khan (1981) have reported a higher grain 

yield at a closer spacing of 10 x 10 em than some wider spacing in some early 

varieties in GM prone area. Verma eta/. (1988) have found that 44 plants I m2 

has recorded significantly higher yield than 27 plants I m2 in the rice variety 

Jaya in GM infested area. Present observation is in consonance with the 

previous study by Prakasa Rao (1975) who found that closer spacing in 

transplanted rice resulted in a greater number of midge attack. 

Extent of infestation by GM is known to be region specific and fertilizer 

dose dependent. In endemic areas, farmers can adopt a cultivation practice of 

15 x 20 em or 25 x 25 em with high doses of 120 kg I ha N application. Further 

increase in spacing has been found non-economic, because it reduces hill 
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number, thus reduces the yield. Such practice is economically justifiable in 

block Itahar where GM is recurrently epidemic. In the block, Hemtabad 15 x 15 

em spacing with 120kg N I ha is compatible to give higher yields. 

Ghosh eta!. (1975) have reported that high dose of fertilizer with low 

hill distance encourage the high level of weed generation which provides shelter 

for the BPH. Chandra et a!. (1986) have observed that grain protein content is 

significantly influenced under different light intensity. Pillai et a!. (1979) have 

also noticed that abundance of BPH differed significantly under different 

spacing and row orientations. Application of inorganic N of higher dose singly 

could modify the microclimatic conditions as observed by Prasad eta!. (2004). 

Extent of infestation by BPH and GM has been found to be region specific. 

The degree of occurrence is influenced by both the doses of N fertilizer and 

the hill distances. Low hill distance with high doses fertilizer and high hill 

distance with low fertilizer may cause the same result. In endemic areas, 

farmers can adopt a spacing of 15 x 20 em or 25 x 25 em with high doses of 

120kg I ha N. Further increase in spacing has been found non-economic for 

reducing the hill number, hence a reduction in yield. 

4.8.4 Cultivation practices and the level of parasitization of YSB eggs 

4.8.4.1 Effect of plantation techniques: Directly seeded fields had 

comparatively low level of parasitization than in the transplanted fields. The 

percentage of the parasitized eggs in transplanted fields had shown uniform 

variation with that of directly seeded fields. The level of parasitization was 

initially low but increased at 30 DAT in both the fields. A steadily increased of 

parasitic activity was recorded up to 45 DAT after which it declined steadily 

(Figs.4.8.2a and b). 
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The relative high range of parasitic activity in transplanted fields was 

probably due to the cultural hygiene's adopted in the seed bed before the 

transplantation of the seedlings. Rejection of the unhealthy seedlings and the 

proper tillage operation in the main land was supposed to influence the rate of 

parasitization. 

4.8.4.2 Effect of pesticides: Application of pesticide was found to reduce the 

rate of parasitization in both the plantation practices, direct seeded or 

transplanted. The effect was positive and comparatively greater in case of 

transplanted variety with a significant R value (0.576). Pesticide application 

reduced the rate of parasitization up to 55% in both the cases collectively. 

Although the overall dynamics did not differ (Figs.4. 8 .2d,e and t). 

Dynamics of YSB's egg parasitization through out the year was 

influenced by the application of pesticides. The untreated plots showed the 

parasitic activity with the maximum peak in November followed by about 

August and May irrespective of plantations. Of course, the extent of parasitic 

activity was comparatively higher in untreated fields. The average range of 

parasitization varied up to 60% in untreated fields in comparison to 20-25% in 

treated fields (Fig.4.8.2c). 

The present investigation appears to be in consonance with the findings 

by Arida and Shepard (1987) who observed in Philippines that the rate of 

parasitization and predation of YSB eggs was comparatively higher in 

unsprayed fields. Raman et a/. (1991) have reported that the population 

dynamics of Micraspis discolor (Coleoptera: Coccinellidae) was lower after 

application of insecticides. The level of attack by the pests was paddy growth 

stage dependent and season specific. Rajendran eta/. (1988) have reported from 

unsprayed paddy fields of Tamil N adu, 5-26 adult I mt2 of P.fuscipes, a predator 

ofleaf folder. 

4.8.4.3 Land conditions and rate of parasitization of YSB eggs: In case of 

sandy soils comparatively higher rate of parasitization was noted than in case of 

sandy loam soil. Eggs collected from the lowland exhibited relatively low level 

of parasitization. However, sandy loam area of the low land showed the lowest 
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percentage of parasitization which was far below than in case of the sandy area 

oflowland (TaQle 4.8.4). 

Table.4.8.4: Quality, soil condition and rate of parasitization ofYSB eggs 

Land quality Soil condition Egg parasitization (%) 

Upland Sandy 46.21±3.42 

Sandy loam 43.22±4.34 

Low land Sandy 38.89±2.39 

Sandy loam 30.33±4.65 

On the whole it has been found that YSB egg parasitization is highly 

dynamic in all the sites and even within the same site. However, the 

parasitization has been high in uplands that in irrigated wetlands. The effectivity 

of YSB egg parasites in low lands paddy differ from those of uplands. Such 
• 

parasites appear more effective in upland having more alternative hosts. 

Tetraratichus sp. is specific only YSB eggs and occurs mainly in irrigated 

lowlands. 

Discussion: Plant characteristics, the presence of specific weeds in the habitat, 

favourable cropping systems, and even the soil types are known to attract some 

parasites. For instance, Trichogramma chi/onis ishii, an important egg

parasitoid of Heliothis armigera (Hb.) in India, is not attracted to its host's eggs 

laid on chickpea (Cicer arietinum), while it heavily parasitized eggs (up to 

98%) on various other crops such as cotton, cowpea, groundnut, Lucerne, 

maize, potato, safflower and tomato. 

Observation of the relative parasitization is the prime requisite in the 

modern IPM practices. Innundative release of parasite I parasitoid can be 

adopted as a supplemental conditioning agent to control the activity of the 

YSB population. Depending on the generation pattern of parasitoids, the 

specific months at which a particular parasite I parasitoid is abundant can 

be used for YSB suppression. 

4.8.5 Water depth, irrigation management and BPH intensity 

Seasonality of the water availability: The rainfall can meet the required 

quantity of water only in the month of September. Except in the months of July 
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and August, when surplus rainwater is available, in other months the required 

quantity of water is to be supplied by irrigation. 

Cultural practices, water use efficiency and brown plant hopper 

abundance: Occurrence of BPH at kharif season was noted by hill estimation 

after applying NPK fertilizer (Fl= 80:40:40, F2=120:60:60), in three modes of 

plantation (Tl = sowing the seeds in dry field conditions, T2=spouted seeds in 

puddle condition, T3=Transplantation) and two different depths of water (S 1 = 

submergence only at tillering and flowering stages, S2 = submergence 

throughout the crop growing period). The average value of three consecutive 

years were considered (Figs.4.8.3a and 4.8.3b). 

The water use efficiency of the crop was found to be directly related to 

the final yield and the BPH numbers. The highest number ofBPH was attained 

in case of F2T1Sl and the least was secured in FlTlS2. Higher utilization of 

water caused low stagnation that impedes the generation of the microclimate 

congenial to BPH. Higher water use efficacy in FlT2Sl with a low BPH level 

and comparatively higher yield was possible due to the absence of suitable 

microclimatic zone for BPH. However in F2Tl S I, as the dose of fertilizer was 

increased the BPH population increased simultaneously, indicating that higher 

doses of fertilizer influenced BPH colonization. 

The water use efficiency to the plant is found to be directly related to the 

final yield and the BPH population. Higher water use efficacy in F1T2Sl 

with a low BPH level and comparatively higher yield is possible due to the 

absence of suitable micro climatic zone for BPH 

4.8.6 HiD frequency and pest abundance 

Brown plant hopper: The BPH population was found to be directly influenced 

by the hill number/ mt2 and the doses of fertilizer. Higher the hill number 

greater was be the pest abundance. Fertilization however dictated the BPH 

population positively . When fertilizer application was increased from 0 to 

120kg!ha, the number ofBPH population increased up to 40% (Figs.4.8.4a, b, c 

and d). 
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Increased hill number causes reciprocal shading, generating the 

microclimatic environment suitable for BPH generation. Application of 

fertilizer boosts up further foliage and panicle growth. Foliage provides suitable 

shelter for BPH. Low fertilizer input with increased hill number should 

preferably be used as a compensatory mechanism by the farmers to attain the 

higher yields. Fields with 45 hills I mt.2 have yielded 25.2, 27.6, 29.4, 32.5 

respectively under 0, 40, 80,120 kg I ha inorganic N application. While the 90 · 

hills/mt? yielded 26. 7, 29.2, 30.4, 34.8 q I ha respectively. Finally 90 hills/ mt? 

generated 27.1, 28.4, 29.5 and 32.8 q I ha respectively. The intensity of the BPH 

population has been positively influenced both by the doses of fertilizer and the 

gradual increment in hill number. With higher number of hill I mt2 together with 

the higher fertilizer input has resulted higher cost: benefit (C:B) value. The C:B 

value has been high in case of 120 kg N/ha application while the least was noted 

under 0 kg I ha application. The other schedules of 80 kg and 120 kg I ha have 

shown an intermediate value (Fig.4.8.5). 

A gradual increase in C:B value has been noted when hill number was 

increased from 15 hills I me to 90 hill I me. Higher doses of fertilizer 

application registered extra cost instead of the effective return, the C:B has 

been thus reduced. 

Gall midge: Guided by their common belief, farmers have a tendency to 

increase the number of seedlings I hill to compensate the losses occurred due to 

GM infestation (Table.4.8.5). 

Table.4.8.5: Gall midge infestation, yield components and grain yields of 
paddy cultivar Swarna Mashuri at different seedling per hill at kharif season 

%of damaged 

Seedlings/hill 
tillers Tiller no Panicle Grain no I Yield 

(pre harvest /hill no I hill panicle q /ha 
condition) 

3 14.8 7.4 5.5 216 31.9 

5 13.6 8.5 5.8 228 32.1 

7 15.8 10.4 6.1 232 33.8 
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The appearance of the damaged tillers was observed at about 25-3 5 

DAT with the attainment of peak at about 75-90 DAT when the crop is at late 

reproductive stage. Higher the seedling number, higher would be the generation 

of the tiller. Hill with 7 and 9 seedlings I hill produce more tillers and panicles 

than 3 and 5 seedlings I hill. Overall mean infestation did not vary significantly, 

probably due to restricted entry of the GM to the crop canopy and accordingly 

the percentage of damaged tillers did not vary. 

Adoption of higher number of seedlings per hill is thus found profitable at 

the time of delayed plantation with the supplementary nutrient 

management. 

4.8.7 Age of seedling and pest abundance (Figs.4.8.6a and b) 

The status of YSB and BPH and the yield generation were found to be 

directly influenced by the age of the transplanted seedlings. Experiments were 

undertaken during kharif season in two types of plantation schedules with 

different ages of seedlings. Transplantation was done on the same date. Normal 

plantation was done with 30 days old seedlings while the delayed plantation 

with 45 days, 80-85 days old or by double plantation (plantation in two 

alternative rows) with 4 seedlings per hill. 

Highest number of YSB and BPH were noted under double plantation 

while the least was scored in 45 days old seedlings. 30 and 80-85 days seedlings 

respectively supported I. 72 and 1.34 individuals I hill. 

Transplantation at higher ages restricted the early plant growth due to the 

physiological distress. Such distress was conducive for pest infestation. So 

the adoption of 45 days old seedling could aptly reduce the incidence of 

both the pests at higher proportions. 
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4.9 Study on the Influence of Some Selected Cultural Practices 

on the Life Cycle and Behaviour of the Major Phototropic Pests 

4.9.1 Detection of the proper time of field scouting in relation to the YSB 

brood emergence 

4.9.1.1 Seasonal variation of YSB egg laying: YSB eggs were periodically 

assessed from randomly collected I 00 hills from 1 0 plots. Collected egg masses 

broadly represent two categories, active and inactive. Eggs were inactivated 

either by parasitization or by season induced sterilization. The active egg 

masses hence influence the subsequent pest intensity. Available egg masses and 

the quantum of their viability also differ in different seasons (Fig 4.9.la). The 

highest number of egg masses was obtained in the month of November 

followed in descending order by February, October, April and March. The 

number of egg masses was nearly the same in August and December. The 

frequency of inactive eggs was season specific. Maximum number (%) of 

inactive egg masses were found in the month of January (50.1 %) followed in 

descending order by May (46.6%), August (45.45%), December (44.89%), 

September (40.32%) and July (32.70%) respectively. The percentage of sterile 

eggs was the highest in the month of January (33.3%) followed by May 

(30.1%), December (24.48%), April (17.8%), June (16.41%) and February 

(10.48%). Low temperature in the months of December and January promoted 

the sterility while high temperature in April and June reduced sterility. In 

general least number of active eggs was noted in January and the highest in 

November. 

4.9.1.2 Field scouting in relation to the selection of cultivar: Yield attributing 

characters of paddy are cultivar dependent. The activity of adult YSB can be 

previewed by the estimation of active egg masses. Periodic field scouting and 

ready destruction of YSB egg masses are essentially required to check the 

subsequent pest outbreak. In order to evaluate the relative importance of some 

selected yield generating characters on the egg laying behaviour of YSB fields 

of 10 widely cultivated varieties, 5 high yielding (HYV) and 5 local low 
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yielding ones (L YV) were periodically inspected four times (25, 50, 70 and 90 

DAT} to record YSB brood emergence. Average value of egg masses (number I 

hill) so collected in four observations were correlated with the average value of 

the yield attributes. An average value was considered out of three years data 

(Table.4.9.1). 

Table.4.9.1: Number of YSB egg masses deposited on different paddy varieties 

cultivated in the three blocks and correlation values between the egg mass number and 

physiological characters of the paddy varieties 

Paddy Plant Tiller 
Leaf Egg 

yielding 
Name of the height no./ 

blade Leaf no masses 
variety width /hill (no /5 

category (em) hill (mm) hill) 
Ranjit 0.521 * 0.312 0.472 0.512* 4.6±0.32 
Swarna Mashuri 0.301 0.213 0.543* 0.562* 5.7±0.76 

High 
Lalat 0.126 -0.121 0.321 0.611 * 4.8±0.34 

yielding 
Ratna 0.321 0.232 0.211 0.523* 4.5±0.44 
Mashuri 0.423 0.421 0.312 0.518* 5.1±0.67 

Local Tulaipanji 0.102 0.321 0.432 0.222 2.2±0.45 
low Changa 0.212 0.211 0.545* 0.523* 4.2±0.49 

yielding Parijat 0.102 -0.087 0.255 0.312 4.1±0.71 
Dudhkalam 0.325 0.122 0.531 * 0.511 * 4.9±0.34 
Jinghasal 0.123 0.131 0.412 0.502* 4.4±0.41 

*Significant at 5% level 

No significant relation of YSB egg masses with the tiller number, leaf 

blade width and plant height was noted. But, leaf number I hill had shown 

significant positive relation with the egg masses in most of the varieties. Egg 

mass deposition was thus in general variety independent. All the selected high 

yielding and local cultivars, scented and non scented varieties and finally the 

resistant and susceptible varieties supported nearly the same number of egg 

masses (Table.4.9.1). 

Discussion: The elicited sensory cues from paddy plants probably play 

important role in the egg laying by YSB moths. The study shows that crop 

phenology and yield attributing characteristics have no definite effect on the egg 

mass density. Same number of egg masses is found in both susceptible and 

resistant varieties. Leaf colour is not a prime factor for egg laying contrary to 
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the belief that application of higher doses of inorganic N fertilizer brings up 

deep greenness of leafy canopy that indulges vigorous egg laying. However egg 

laying is positively influenced by leaf number. Thus higher number of seedlings 

I hill generating more leaves pampers energetic egg laying. However, the size of 

a clutch is comparatively larger in case of HYV s. Siliceous leaf of the HYV' s 

renders rigidity providing vascular strength and thus capable to bear bigger egg 

clutches. Low vascular mechanical support in the local varieties imposes 

limitation to bear the bigger egg masses for longer time. 

As the frequency of egg laying is cultivar independent, it is the clutch size 

and not the clutch numbers, which regulates the pest dynamics. 

Furthermore, as the density of egg clutches remain same, the required 

manpower for field scouting would be invariably constant. 

4.9.1.3 Specification of time for first field scouting in relation to YSB egg 

masses: Time specific field scouting is essentially required to maximize the 

destruction of YSB egg masses. The time should befit the availability of the 

maximum number of eggs and destruction. This study was conducted in case of 

Swarna Mashuri. To select the proper time for the first field scouting, fields 

were periodically inspected for egg masses every 7 days intervals from 5 to 140 

DAT. At the same time number ofDH (%)and WH(%) (symptoms I hill) were 

assessed after counting the fresh damage symptoms. Female YSB moth number 

was counted by light trapping using electric bulb (200 watt). 

In each occasion the peak abundance of female moths in the light trap 

was preceded by huge number of active eggs. Female moths peaked at 70-75 

and 105-120 DAT respectively. The first egg masses were noted at 7 DAT in 

trace quantity. After which the number increased steadily. The two consecutive 

peaks of egg masses appeared at 25-28 and 77-80 DAT respectively after which 

the availability of egg masses gradually decreased. DH was first observed at 25 

DAT and maximized at about 40 DAT.WH was first observed at about 49 DAT, 

then steadily increased to the maximum at about 91-98 DAT, subsumed 

gradually and maintained a low steady level up to about 130 DAT. 
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Inactiveness of egg masses was found to be density independent during 

the first brood but density dependent during the second brood. Numbers of 

inactive eggs were initially low, increased gradually and attained the highest at 

about 26-30 DAT when the number of egg masses is also abundant. Thereafter, 

the number gradually declined and again peaked at 77-85 after which a steady 

low level was maintained up to 125 DAT. As the active eggs shared about 65-

76% in the first brood, the loss incurred, is correspondingly high. So the first 

brood larvae caused the maximum damage. Hence, scouting relating to the 

second brood is comparatively less crucial (Fig.4.9.lb and 4.9.1c). 

Discussion: Swama Mashuri (MTU7029) of 140 days can easily support two 

broods of YSB. The immigrants settle down and start eggs laying. After an 

incubation period of 5-8 days, the larvae hatch out and feed on the soft tissue, 

tunneled in the stem, severing the conducting tissue of plant causing DH. The 

first brood completes the life cycle within about 50-55 days and the adults 

emerge at the end of the vegetative growth stage. Newly emerged adults start 

laying egg at early reproductive growth stage and the next brood appears at the 

middle of the ripening stage at about 105-110 DAT. So, grossly YSB 

successfully completed two broods in Swarna Mashuri crop. 

So, first field scouting for egg mass collection thus should be carried out 

either at about 25 or 35 DAT. Though the available egg masses were

comparatively higher in the second brood but the role of parasitization was 

comparatively higher thus reducing the adult population size. Scouting if 

performed at 75-80 DAT, special attention should be given as the plant was 

at advanced growth stage. 

4.9.2 Cultural practices, consequent leaf areas and BPH incidence 

BPH showed multiple overlapping generations in relation to the growth 

stages of paddy. At each periodic inspection, fields represented heterogeneity of 

an admixture of different nymphal stages. As the growth stage of paddy 

advanced nymphs of higher order dominated. Nymphs feed voraciously as the 

development progressed. Cultural practices especially the input of fertilizer 

indulged the generation of yield attributing characters, such as greater leaf area 
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which in tum accelerated the nymphal growth and BPH multiplication. 

Depending on the field heterogeneity, the time fitted application of fertilizer can 

may minimize the pest intensity. 

4.9.2.1 Temporal nymphal dynamics ofBPH (Fig.4.9.2a) 

First instar: The I 51 Instar nymphs at 15 DAT was due to immigration. A 

definite low peak of this instar occurred at about 30 DAT followed by 

moderate peak at 45 DAT and high peak at about 90 DAT. 

Second instar: The initial low count of second instars nymph at 15 DAT 

reached maximum at about 90 DAT, preceded by a moderate peak at 40 

DAT. 

Third instar: This instar attained peak at about 90 DAT, maintained a 

steady level up to 105 DAT. The numerical abundance of3'd instar nymph 

was about 72% that of the 151 instar during the highest abundance. 

Fonrth instar: The peak of this stage was allained by 90 DAT, after 

which the population declined steadily and maintained a persistently low 

number up to 105 DAT, thereafter the population suddenly subsumed. 

Fifth instar: A low count of fifth instar was available from 15 DAT up to 

80 DAT. After reaching the maximum level at about 85 DAT, the 

population subsumed rapidly with very low marginal population up to the 

crop maturation. 

Discnssion: Standing growth stages of paddy abounds the developmental stages 

ofBPH. The first adult peak at 30 DAT is minor and is due to the macropterous 

forms which lay huge number of eggs after settlement. Another wave of 

immigrant adults, together with a few brachypterous adults creates a second 

peak at about 45 DAT which is major. The population size of the short-winged 

brachypterous form regulates the size of the second generation. Females are 

numerically three times more abundant than the males. The nymphs hatched out 

the second batch of egg and have higher survivability than the previous 

generation. 
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The appropriate plant age at that time is probably a determining factor. 

Nymph mortality is apparently high in between the transition of second and 

third, and third and fourth instars. The final adult peak consists mostly of 

brachypterous form at about 85 DAT. Nymph development befits the plant 

growth stage related phenological alteration especially the foliage size. Higher 

the LAI higher is the pest intensity. 

At a standing growth stage of paddy an admixture of all the developmental 

form of BPH population was noted. But their relative occurrence depends 

on the growth stage related phenological alteration of the crop canopy. 

4.9.2.2 BPH dynamics in relation to hill spacing, fertilizer application and 

leaf area generation 

Foliage generation and development are governed primarily by the 

applied doses of N fertilizer. Fertility positively induces larger leaf area that 

influences the paddy bush configuration. Further, hill distances and seedling 

population I mt2 determine the plant size and the foraging area for BPH. The 

effects of three doses dependent application of fertilizer (Fl-O, F2-40, F3-80, 

F4-120 kg/ha) in three different hill spacings (Sl-10 x 10, S2-10 x 20 and S3-20 

x 20 em) on the LAI and its relation to the BPH abundance was studied (3.8.3.4 

in materials and methods). Fields were fortnightly inspected starting from 15 

DAT up to 60 DAT. At each occasion value ofLAI and BPH abundance were 

noted in relation to the treatment combinations. Experiment was replicated 

thrice and the average values of both LAI and BPH count were considered to 

study their interactive role (Table.4.9.2). 

LAI was low at early transplantation, increased gradually with the crop 

age and finally decreased towards crop maturity due to senescence of the leaves. 

The maximum LAI was obtained in high fertilizer input (F4) at 60 DAT. F4 was 

significantly superior to Fl and F2. But F3 and F4 were statistically at par, in 

almost equal at all the stages of the crop growth. 

Closer the spacing higher the LAI generation at maximum vegetative 

stage and the highest was obtained in S 1 at 60 DAT which was significantly 

higher than S3. Generation of new tillers gradually impeded after vegetative 
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stage, accordingly LAI declined. But S3 and S2 were statistically important 

from 30 DAT onwards till maximum vegetative growth stage (60 DAT). 

Table.4.9.2: Effect of different doses of fertilizer and hill spacings on leaf area 

index and resultant BPH incidence 

Treatments 
Leaf area index (LAI) at different time of growth stages. 

lSDAT 30DAT 45DAT 60DAT 

Fertilizer level LAI 
BPB/ LAI 

BPB/ 
LAI 

BPB/ 
LAI 

hill hill hill 
Fl 1.08 8.10 2.58 12.31 2.96 l7.ll 3.51 
F2 1.38 12.20 2.71 16.71 3.31 22.30 3.71 
F3 1.39 16.30 2.81 19.42 3.16 26.01 3.81 
F4 1.54 20.20 2.84 23.21 3.48 28.12 4.31 
SEm(±) 0.003 O.Oll O.Oll 0.013 0.15 0.046 O.ll 
CD (P=0.05) 0.012 .0290 0.039 0.021 0.17 0.033 0,03 
Spacing (em) 
Sl 1.26 18.10 2.31 20.21 3.01 22.10 4.41 
S2 1.35 15.20 2.48 l8.ll 3.12 19.21 4.92 
S3 1.43 12.10 3.41 14.30 3.38 16.33 4.ll 
SEm(±) 0.0038 0.016 0.006 0.022 0.007 0.012 0.02 

CD (P= 0.05) 0.012 0.011 0,02 0.032 0.022 0.014 0.06 

Interaction 
Fl Sl 0.92 14.30 2.15 9.71 2.92 lO.ll 3.52 
Fl S2 1.11 12.40 2.27 10.31 3.06 10.15 3.61 
Fl S3 1.21 10.20 3.31 15.32 2.97 15.82 3.41 
F2 Sl 1.28 16.40 2.25 16.22 3.13 16.71 3.62 
F2 S2 1.34 14.20 2.43 16.81 3.21 18.20 3.92 
F2 S3 1.47 12.71 3.45 17.61 3.02 18.47 4.ll 
F3 Sl 1.37 16.91 2.38 18.20 3.12 22.91 4.22 
F3 S2 1.38 15.22 2.56 16.89 3.35 19.41 4.33 
F3 S3 1.48 14.13 3.47 15.41 3.13 28.71 3.87 
F4 Sl !.52 20.72 2.43 24.21 3.25 26.39 4.29 
F4 S2 1.58 18.23 2.59 21.61 3.92 22.10 4.61 
F4 S3 1.56 16.27 3.51 19.40 0.018 0.019 0.008 
SEm(±) 0.0038 0.0012 0.018 0.017 0.014 0.022 0.006 
a)MxS 0.0047 1.0032 0.013 0.013 0.059 0.032 0.023 
b)SxM 

CD (P-0.05) 0.012 0.016 0.057 0.041 0.041 0.021 0.018 
a)MxS 0,0!5 0.021 0.038 0.031 0.048 0.039 0.054 
b) SxM 

M x S = Mam plot x sub plot. S x M= Sub plot x mam plot. N. S - Not sigmficaot 
Fl- 0 (control), F2- 40, F3- 80 aod F4- 120 kg I ha 
Sl-10 xlO em, S2 -10 x20 em, S3 -20 x20 em 

BPB/ 
hill 

19.72 
26.21 
29.ll 
32.32 
0.042 
0.091 

26.ll 
24.22 
20.10 
0.091 

0.072 

10.41 
10.91 
16.42 
17.11 
22.71 
19.49 
29.01 
23.09 
19.22 
34.21 
28.ll 
26.51 
0.021 
0.016 

0.021 
0.026 

The relative dynamics of BPH population varied in accordance with the 

LAI generation. High LAI value at closer hill spacing (1 0 x 1 Ocm) generated 

suitable microclimatic condition for maximizing BPH population. The 

population gradually increased as the doses of fertilizer were increased. BPH 
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was more abundant as the plants growing to mature. Number ofBPH was more 

in closer spacing than distant one. 

Table.4.9.3: Correlation between the climatic factors with some yield 

attributing characters 

Climatic factors Yield attributes 
Tiller/hill Leaf area Dry matter/mt2 

Tmax 0.612* 0.611 * 0.722* 
Tmin 0.123 0.211 0.111 
Tavg 0.562* 0.664* 0.765* 
Tgr 0.321 0.324 0.365 
Shr 0.444 0.432 0.510* 
Rfall - 0.321 -0.221 0.021 

Table.4.9.4: Correlation between the important yield attributing characters and 

field BPH number 

Yield attributes BPH number I hill 
Tiller no I hill 0.768* 

Leaf area 0.647* 

Dry matter I me 0.811 * 

*Significant at 5% level 

Tmax and Tavg positively influenced tiller generation, leaf area 

formation and dry matter accumulation. Except Rfall, the effect of other 

climatic factors though mostly positive but insignificant All the yield attributing 

characters in turn positively influenced the BPH abundance (Table.4.9.3 and 

4.9.4). 

Higher the doses of fertilizer higher would be the LAI generation. 

Abundance of BPH population is positively influenced by yield attributing 

characters. Maintenance of either 20 x 20 em hill distances with 120 kg N 

application or 10 x 10 em hill distance with 80 kg N application can 

minimize BPH abundance. 

4.9.2.3 Field size, border distance, and effect of pesticide on BPH (pest) and 

spider (natural enemy) distribution 

Field sizes govern the distribution and dispersion of both the pest and 

natural enemies. Dynamics of BPH and spider population was periodically 
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studied in the fields (20 and 100 mt.2
) treated with carbofuran (!kg I ha) at 60 

DAT. Field of the same sizes received no pesticide, considered as control. Hills 

were inspected for BPH and spider along a hypothetical equidistant (2mt.) 

transects totally covering 10 mt. from the border to the interior of the field and 

the value of both the population was graphically plotted. 

In the untreated field BPH population was unevenly distributed 

throughout the field, higher the distance from the border higher would be the 

abundance. However, larger field size supported comparatively high number of 

BPH. The population gradually increased attaining the maximum at lOmt from 

the border to the interior of the field. However the range of migration was 

marginally higher for larger field (Figs 4.9.2b and 4.9.2c). 

Irrespective of the field size, in a perpendicular transects from the 

border, the spider population was evenly distributed in larger field. In smaller 

fields the number gradually improved from the border to the interior, 

maximized at lOmt after which it decreases slowly (Figs.4.9.2d and 4.9.2c). 

The pesticide immediately after application drove both the spider and 

BPH to the interior of the field. The effect was profound in a small paddy field. 

Such short range of migration suddenly increased the population density of both 

the species at the interior. Larger field size supported comparatively higher 

spider number than the small field size up to the distance 6mt after which the 

phenomenon was reversed. 

Pesticide application caused the congregation of the spider population to 

the interior of the field. Higher the distances from the border greater would be 

the availability of the spider in case of both the field sizes up to the distance of 6 

mt after which the numerical abundance of spider population decreases. 

However the migratory impact was more profound in smaller fields. Fallowing 

pesticide application, BPH moved to the interior of the field. Higher the 

distance from the border the abundance ofBPH was high. The impact was more 

profound in larger lands. 

Spider is less migratory species while BPH could cross a wide distance. 

Following pesticide application spider migrate to short distance. The shifted 
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spider population to the interior of the field acted as the reservoir. Spider took 

the advantage and reestablished the territory when the effect of pesticide no 

longer persisted. Contrary to this, larger fields disallowed the higher 

aggregation, dispersed the population which can hardy resettle. Pesticide 

applications immediately drove the BPH population. But BPH resettled 

immediately as the action of pesticide was over but the spider could not. 

Paddy was cultivated in stretches of continuity. Entrance to the interior 

of the field was generally restricted. Farmers commonly apply pesticides with 

handy tools from the border of the fields resulting a 'push back' of BPH and 

spider population to the interior of the field . Canopy within the field provide 

enough space for survival of BPH. Loss of land due to small size can be 

compensated by the use of additional seedling I hill with proper care. 

Larger field size has negative impact on the resettlement of the spider 

population when the action of the pesticide is over. Further congregation of 

BPH population was higher in larger fields. Smaller field size restored the 

spider population allowing for the subsequent resettlement. So it is thus 

suggested to fragment the wider paddy field into smaller areas for better 

management. 

4.9.3 Dynamics of gall midge parasites and stubble management 

GM attack is particularly restricted more to the kharif crop. Generation 

ofgall is suppressed in the presence of parasite (Fig.4.9.4a). The frequency of 

gall parasitization is guided by agro-ecological conditions. Dynamics of healthy 

and parasitized galls varied considerably in relation to the growth specific 

phenological alterations of the tillers. Gall formation is initiated from about 26 

SMW, gradually increased, maximized at 39 SMW, maintained a steady stage 

up to 42 SMW after which it steadily declined. The rate (%) of parasitization 

was initially low up to 30 SMW, improved gradually and attaining the peak at 

about 43 SMW. The rate of parasitization was found to be density dependent at 

early growth stages up to 40 SMW. But at late growth stages it was density 

independent (Fig.4.9.3a). 
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Fig. 4.9.3: Relative incidence of healthy and parasitized galls caused by GM, in 
pesticide free fields. a: In the standing paddy crop, b: In the stubbles. 

Fig. 4.9.4: Figures showing the occurrences of healthy and parasitized galls 
caused by GM, in pesticide free fields. a: In the standing paddy crop, b: In the 
stubbles, c: In the ratoon crop. 
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After harvesting the stubbles acts as reservoir for the gall parasites 

(Figs.4.9.4b and 4.9.4c). The number of parasitized gall in the stubble gradually 

increased from 48 SMW to 50 SMW attained the maximum at about 52 SMW 

after which the population declined and maintained a steady state up to 05 

SMW (Fig 4.9.3b). Maintenance of the stubble acted as reservoir for the 

parasite and subsequent infestation to the new galls from the early vegetative 

stage of new cultivation thus effectively suppresses the GM activity. 

Plantation at proper time can maximize the GM parasite. Retention of 

some residual stubble after harvest helps for the immediate inoculation of the 

parasite to the next crop. Such practice may be adopted in the places where 

YSB infestation is Jess. Other wise there will be every possibility for the 

survival of the YSB larvae in the residue stubbles. 

As the stubbles acted as reservour of gall parasite it is judicious to retain 

some stubble in undisturbed condition at the corner of a field for their 

subsequent inoculation. 

4.9.4 Detection of the proper hill spacing in relation to niche specification 

for the lady bird beetle (LBB) and brown plant hopper (BPH) 

Successful predation of BPH by the LBB, Menochilus sp. requires 

effective contact between them by niche overlapping. Cultural practices 

markedly influenced microclimatic conditions of fields resulting in niche 

displacement (Fig.4.9.6c). Farmers adopt different hill spacings and directions 

of plantation. To evaluate the relative role of the predatory potentiality of LBB 

for different hill distances, experiments were carried out at late vegetative stage 

of kharif crop in five replications and the average value of 4 years (2003-2006) 

was considered. 

Distribution of both LBB and BPH was further noted against two 

conditions, constant temperature but variable illumination and variable 

temperature but constant illumination in laboratory situation. 
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Impact of planting directions on the distribution of both LBB and BPH 

was recorded only in field with 20 x 20 em hill spacing. All other management 

conditions remained constant during such observation. 

4.9.4.1 Distribution of LBB and BPH in relation to hill distances 

4.9.4.1.1 In field condition: Distribution of LBB and BPH was noted at three 

specific hypothetical equidistant successive zones constructed from the top to 

the bottom of the plant (Z1, Z2 and Z3) under 3 hill spacing conditions (1 0 x 

10, 20 x 20 and 25 x 20 em) in Swarna Mashuri fields planted at north-south 

direction and fertilized with 120 kg Nlha. Observation was made at three 

specific time schedule (6:00am, 12:00 noon and 4:00pm) throughout the day. 

Assessment on the microclimatic environment: Evaluation of the different 

microclimatic components was done in the three time schedules at the three 

zones, above canopy (Z1), within canopy (Z2) and base of the canopy (Z3) 

along the vertical length of the plant. A distinct pattern of microclimatic 

gradients was noted along the length. The lowest temperature (18.1 °C) and 

illumination (40%) was recorded at Z3 at 10 x 10 spacing at 6:00 am. The 

temperature (26.2°C) and illumination (84.2%) at Z1 in 25 x 20 em spacing was 

the highest limit at 12:00 noon and at par with the ambient conditions. 

Microclimatic components at Z2 were intermediate between Z1 and Z3. Higher 

the hill distances, accordingly higher would be illumination and higher would 

be the temperature at all the zones. Hill distances exhibited positive relation 

with the temperature (0.786) and illumination (0.624) and negative with the 

humidity gradient (0.721) at all the distances (Fig 4.9.5). 

Assessment on the field population: The distribution (%) of the LBB and 

BPH population was assessed in three zones at late vegetative stage at the three 

specific times (Fig.4.9.6c). 

Distribution of LBB: 10 x 10 em spacing restricted the entry of LBB to the 

lower part of the canopy. Most of the LBB congregate in Z1 at 6:00 am and 

4:00pm. However, at 12:00 noon nearly 60% ofLBB occupied the Z2 but very 

little moved to Z3. 
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During 6:00 am at 20 x 20 em spacmg, 70%, 20% and 10% were 

distributed at Z1, Z2 and Z3 respectively. Nearly 40% and 30% LBB occupied 

Z1 and Z2 respectively at 12:00 noon. Most of the LBB concentrated to Z1 at 

4:00pm (Fig 4.9.6b). 

At 20 x 25 em hill spacing, majority of the beetle congregated at Z1 

while a considerable portion occupied at Z2. Very few beetles were observed at 

Z3. At 12:00 noon the change in the percentage of congregation was, recorded 

at Z1 and Z2. But no major change of distribution was observed at Z3. At 4:00 

P .M assemblage of the beetle population was in the descending proportion 

Z1=Z2>Z3. So hill spacing influenced LLB distribution. 

Distribution of BPH: Distribution of the BPH in relation to the hill distances 

differed considerably. Of all the spacings, Z3 shared the highest number ofBPH 

and the distribution was in descending order of Z3>Z2>Zl. At 6:00 am Z3 

harboured about 57, 65 and 73% ofBPH population at 10 x 10, 20 x 20 and 20 

x 25cm spacings respectively. At 12:00 noon, Z3 accommodated 75-90%. At 

4:00 pm. Z1 and Z2 shared 15-35 and 30-40% population respectively (Fig 

4.9.6a). 

Closer spacing of 10 x I 0 em restricted the rate of predation due to the 

poor effective contact due to limited access of the beetle within the plant 

canopy. Spacing at 20 x 20 and 20 x 25 em allowed considerable entry ofLBB. 

Z2 appeared superior to others for effective contact and are thus suitable for 

predation. Due to the maximum niche overlapping predation was maximum at 

6:00am followed by at 4:00pm (Figs.4.9.7a, band c). 

Table.4.9.5: Correlation study of different hill distances with the microclimatic 

components 

Hill Temperature Humidity Light 
distances ("C) (RH%) intensity 
(cmxcm) Tmax Tmin RHmax RHmin (Lux) 

15 X 10 0.489 0.812* -0.788* 0.342 0.144 
15 x20 0.543* 0.611* -0.564* - 0.534* 0.656* 
25 X 25 0.643* 0.521* -0.498 - 0.621 * 0.654* 

Significant at 5% level 
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Results and Discussion 

Hill distances positively influenced the microclimatic components such 

as Tmax and Tmin and negatively RHmax and RHmin. But the effect was 

significantly positive on light intensity (Table.4.9.5). 

4.9.4.1.2 In laboratory condition 

In constant light: Fifty LBB and BPH were separately released inside an 

elongated ( 65 x 6 x 6 em) vial with the extremities having 0°c ice cube and 1 00°c 

hot water combination (3.8.5.2 in materials and methods). A gradient of 

'temperature zone' was thus established within the tube . The number of the 

beetles and BPH were counted in relation to the six equidistant zones (Figs 

4.9.8c and 4.9.8d). 

LBB: An aggregation of higher number of LBB was observed in the Z1 

while the least in Z6. 

BPH: Higher number of aggregation occurred at low illuminated zone. 

Lower the range of light intensity higher the number of individuals 

assembles. Maximum level ofBPH occurrence was noted under Z6. 

In constant temperature: The elongated vial was wrapped by the cellophane 

paper of variable thickness along the length of the tube so that 'illumination 

gradient' is created from thinner to thicker wrapping. Maximum lux was 

recorded at Z6 while the minimum at Z 1. A constant range of temperature (22-

240C) and humidity (80-90%) was maintained. LBB and BPH were released 

separately into the vial and were counted after their complete settlement (4.9.8a 

and 4.9.8b). 

LBB: Higher aggregation of beetle occurred at Z6 while the least in zone 1. 

BPH: Lower the illumination, higher was be the number of the BPH 

aggregation. Highest number colonized at the Zl while the lowest at the Z6. 

4.9.4.2 Distribution of LBB and BPH in relation to planting direction 

The light intensity at all the zones along the perpendicular transect of the 

plant was found to be influenced both by the spacing and the direction of 

plantation. 
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Results and Discussion 

Plantation in east-west direction caused comparatively high intensity of 

light in the canopy than in the plants of north-south direction (Fig 4. 9. 9). 

Observation at three specific times of a day showed that greater the hill 

distances, greater was light intensity. Due to directional changes of solar 

radiation with the progress of the day, at 6.00 a.m. plants which were planted at 

east-west direction all the three zones got higher light intensity than the plants at 

north-south directions .At 12.00 noon, illumination was nearly the same in case 

of both the directions. At 4.00 noon, again the east-west direction received 

higher light intensity than in the north-south direction (Fig. 4.9.10). 

In general, the pattern light transmission ratio (L TR) was higher in east

west direction at 6.00 a.m. At 12.00 noon the LTR in both the directions was 

same. High LTR was observed at 4:00pm at east-west direction (fig.4.9.7c). 

Distribution of LBB: Z1 accommodated 65%(6:00), 55%(12:00) and 68% 

(4:00) beetles at 20x20 spacing. In case of north-south plantation Z1 supported 

70 %(6:00), 40%(12:00) and 75%(4:00) during east-west plantation. Direction 

of plantation did not influence the LBB distribution at 12:00 noon. LLB 

distribution follow in the descending frequency 30-45% (Z2) and 5-20 % (Z3) 

in east-west direction and the value varies from 7-IO%(Z2) and 6-10%(Z3) 

(Fig.4.9.11a). 

Distribution of BPH: At 6:00 am, maximum number of BPH concentrated at 

Z3 in east-west plantation in comparison to that of north-south plantation. 

Direction of plantation did not affect the BPH distribution at 12:00 noon. 

However at 4:00 noon Z3 shared 82 and 71% population at east-west and north

south directions respectively (fig.4.9.11b). 

Discussion: As the growth stage of paddy advances microclimatic conditions 

vary along the vertical regime of bushes. At early growth stages no specific 

microclimatic zones are established, thus the entire plant length acts as a 

complete territory for both the LBB and BPH and enhances the rate of 

predation. Due to gradual formation of microclimatic zones from the late 

vegetative stage along the height of the tiller, the BPH moves dowowards while 

the LBB to the contrary, moves upwards. 
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Results and Discussion 

Micro climatic variations change the territorial regimes of both the pest 

and enemy. BPH prefers moist humid environment while the LBB favours 

relatively illuminated zones. Behavioral distinction results in the formation of 

two distinct niche .The niche ofBPH gradually narrows from the early morning 

to the mid day and restricts the individuals to the base of the plant .After mid 

noon, the niche of the BPH population is extended, when it overlaps with the 

niche ofLBB and the probability of rate of predation is increased. 

Habitat structure influences the distribution of natural enemies on spatial 

scale (Bugg 1993, Landis 1994, Landis et a/. 1998). But information on such 

'niche-assembly' and 'dispersal-assembly' models of species coexistence in 

paddy field ecosystem is almost nil. Microclimatic alteration due to alternative 

hill spacing dictates territorial change resulting in niche displacement. 

Conditions near the base of the paddy hill are humid and shaded (V area and 

Feuer 1976) which favour BPH and disfavours its natural enemies (Nishida 

1975). Plant placing plays an important role on the distribution of BPH and 

LBB. LTR was season independent. Interception by crop canopy varied 

insignificantly by planting dates (Bardi 1985) but significantly by growth stages 

(Ghosh 2000). In contradiction to the present findings Sain eta/. (2001) noted 

that the population builds up of hopper, and its mirid bug predators were higher 

in close spacing than wider spacing. Though the two preferred opposite 

microclimatic zones. 

Predatory efficacy of LBB is thus more prominent at vegetative stage in 

comparison to the rest of the stages. Such finding is contrary to the 

common belief that BPH and LBB ratio of 1:2 are uniformly efficacious 

throughout the growth stages of paddy. 
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Results and Discussion 

4.10 Assessment of Pest Induced Yield Loss 

The differences between actual and attainable yield due to successive 

pests attack under different management practices and changeable climatic 

conditions are considered during yield loss assessment. Such consideration 

ultimately helps to adopt the proper pest management decisions (Walker 1975). 

The present crop loss survey was undertaken simply to justify the prevailing 

paddy pest controlling measures and accordingly to suggest the future 

cultivation strategy. 

4.10.1 Yield loss due to YSB 

In relation to the paddy growth stages: Completely chaffy grain was formed 

due to the simultaneous loss to both plant parts and grains while partial chaffy 

was due to the restricted attack to late reproductive stage (Fig 4.10.3). Pooled 

average data showed that the completely chaffy grain may be up to 41 % in 

kharif and 23 % in bora seasons. However the formation of partially chaffy 

grain ranged up to 11% in kharifand 5% in bora seasons (Fig.4.10.1a). 

A significant negative relation was noted between the field YSB 

population and both the yield (Y) and yield attributing characters. The 

maximum level of damage occurred at tillering and panicle initiation stages at 

significant level (Table.4.10.1). 

Tab1e.4.10.1: Correlation values between YSB number in the field and yield 

attributing characters of paddy 

Yield and yield attributing model 
R value of functional 

components 
Y = 4.95 -0.29 YSB (maximum tillering stage) -0.511 * 
Y = 3.35 -0.12 YSB (panicle initiation stage) -0.692* 

Significant at 5% level 

In relation to the climatic conditions: Damage to the paddy plant by YSB is 

season specific. WH formation and grain chaffy-ness were comparatively higher 

in kharif season than in bora due to climatic conditions conducive for pest 

multiplication. The value ofDH was 20% and 12% in kharif and bora seasons 

respectively. The extent ofWH was on an average 32% and 16% in kharifand 

bora seasons respectively in pesticide unprotected fields. 
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Results and Discussion 

4.10.2 Yield loss due to BPH 

In relation to the paddy growth stages: The highest yield loss at each growth 

stage infestation was estimated in 20 fields each having variable ranges ofBPH 

individuals/hill. During such observation alternately one growth stage was free 

from pesticide among the four growth stages, which may be designated as 

substractive method (Table.4.10.2). 

Table.4.10.2: Paddy growth stage specific extent ofBPH attack and consequent 

final paddy yield loss 

Growth stages of paddy BPH individuals I hill Extent of reduction of 
final yield (%) 

Seed bed 6-10 18-29 

Vegetative 9- 18 13-37 

Reproductive (early) 13-22 17-37 
Reproductive (late) 23-32 38-69 

The quantum of loss was determined on the basis of status of BPH incidence at 

maximum tillering stage and the final yield obtained. The farmers are allowed 

to follow their prevailing cultural practices (Table.4.10.3). 

Table:4.10.3: Degree of damage of paddy and corresponding yield loss 

Extent of *Panicle Yield 

damage 
Progressive damage symptoms damaged loss 

(%) (%) 

Mild 
No withering but with very low degree of 

28 13 sooty mould 

Low 
Low level of scornful leaves with high 

40 35 degree of sooty mould 

Medium 
Yellowish brown leaves parts with higher 

50 45 degree of sooty mould 
High 75% damaged panicle due to hopper burn 70 67 
Severe Complete crop failure with a few panicles 90 85 .... * About 75% tillers at parucle 1mtiat10n stage 

In relation to damage to the crop parts: The flag leaf influences the grain 

filling. Loss in areas of different leaves of a tiller due to mechanical removal 

either by plucking or damage by BPH infestation and consequent impact on the 

grain formation was studied assessing a relation among pest threshold level, leaf 

area loss and the yield loss. 
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Results and Discussion 

Mechanical removal and yield reduction: Mechanical removal of single 

or different combinations of leaves steadily reduces the leaf area and 

hence the rate of photosynthesis. Available leaf area in an undisturbed 

tiller was about 190 cm2
. The leaf area was reduced up to 58% when all 

but the flag leaf were detached. Due to the removal of 4th leaf the area 

was reduced by nearly 170 cm2 The other combinations of mechanical 

plucking resulted in different degrees of available leaf area (Fig.4.10.2a). 

Thus the quantum of leaf area damage may be used as an index for 

estimating the field BPH level without arduous task of counting BPH 

individuals round the day. For this purpose 8 Fields of variable threshold 

levels of BPH were assessed. In all the cases, higher the pest level lesser 

was the available leaf area (Fig.4.10.2b). 

Removal of flag leaf badly influenced the number and distributions 

of heavy grains on the panicle. Both photosynthesis and assimilation were 

restricted due to the reduction in leaf area, accordingly the relative grain 

distribution on the spikelets differed. Poorly filled grains on secondary 

branches and on the lower parts of the panicle were noted when the leaf 

area reduction was greater. Removal of the flag leaf alone affected the 

grain development considerably. Elimination of the flag leaf or the 41
h leaf 

had the same functional leaf area. However, removal of the 4th leaf 

increased the number of heavy grains on primary branches and terminal 

spikelets of secondary branches. When two leaves from the bottom or the 

top of a tiller were removed, the proportional decrease of the leaf area was 

similar in both the cases. But the removal of the top leaves had more 

adverse effects on the number ofheavy grains (Fig.4.10.2c). 

Therefore, irrespective of the position of a leaf the overall leaf area 

was not critical factor for grain generation, but the locations of the leaves 

on a tiller is important. Grain filling was not related to the distance of a 

particular leaf from the panicle. The impact of mechanical damage of the 

leaf areas on grain yield can be treated as equivalent to the damage 

imparted by BPH infestation. So, damage to 4th leaf had an positive effect 

on grain weight. 
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Results and Discussion 

As the activity of the BPH was primarily related to the deterioration of the 

leaf parts, the magnitude of grain production was thus found to be 

influenced by the field BPH level. 

BPH levels and yield reduction: Field population with 20 BPH I hill 

resulted in nearly the same available leaf area when flag leaf and 2nd leaf 

were mechanically removed, indicating that such level of pest was equally 

potent to bring equivalent amount of damage. Similarly, 32 BPH I hill had 

an identical damage with that of the mechanical removal of flag leaf and 

second leaf jointly. A significant negative relation (r=-0.876) was found 

between the number of BPH I hill with the extent of leaf area damaged. 

With the increase of BPH number a steady decrease of damaged leaf area 

was noted. Reduction of area due to BPH damage was high at the early 

vegetative stage; it gradually decreased as the crop grew older in spite of 

as increased number ofBPH attack (Fig.4.10.2c). 

In relation to the climatic conditions: Appearance of two major peaks per 

year strongly suggested that BPH induced damage was governed more 

prominently by the surrounding rice-cropping pattern than by the climate as 

there were two I three crop cycles per year but only one climatic cycle 

(Fig.4.1.4a). Further, the seasonality ofBPH density was inconsistent indicating 

that the annual climate was less important. Contiguous crop fields facilities the 

dispersion of adult individuals. Correlation study between the yield attributing 

characters and BPH number reflected significant positive relations 

(Table.4.9.4). However the average range of damage was more intensified in 

kharifseason (45-67%) than bora (23-49%). 

Primary infestation of BPH reduced water contents of rice plants from 

about 72% to 84% (Santa 1959).The BPH severely damages rice growing plants 

in the post flowering stage in most rice growing areas (Chandy 1979). In Japan 

plants at the tillering stage are attacked by about 10 plant hoppers I hill for a 

week resulting in rapid yellowing of leaves, yield loss is about 1 0 to 40%. 

Infestation by 10 to 50 BPH I hill for 10 to 14 days eventually showed hopper 
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Results and Discussion 

burn and reduced the yield by 20-50%. Bae and Pathak {1970) noted that in 

field yield reduction ranged from 17-65%, with an average of 44%. 

4.10.3 Yield loss due to GM 

In relation to the paddy growth stages: Farmers paddy fields under need 

based protections were periodically surveyed especially during kharif season for 

the gall formation and consequent final yield were noted. A maximum limit of 

4 galls I clumps(hill) was observed during both early and late infestations. Both 

the tiller number I hill and number of filled grains I hills were influenced by the 

midge infestation. Infestation by GM at vegetative stage compensates by new 

vigorous tiller generation. Higher the galls I clumps, greater would be the 

frequency of the tiller numbers and additional number of filled grains I tiller. 

Significant positive linear relation exists between the number of gall and the 

extent of yield generation. Highest grain weight was observed under 4 galls I 

clump against the no gall condition (Fig.4.1 0.1 b). 

Table:4.10.4 Yield loss in relation to number of gall produced I clump at late 

growth stages 

Gall number/ clump Yield q I ha Yield reduction (%) 

0.0( complete protection) 34.65 0.00 

1.0 34.48 0.42 

2.0 34.34 0.65 

4.0 34.27 0.88 

But late infestation at early reproductive stage caused the stunting of the 

plant and the formation of the 'onion shoot' resulting in considerable loss. Early 

infestation registered a yield increase up to 0.34 % when there were 4 galls I 

clump. Increase by single gall at late growth stage amplified the yield loss to the 

extent 0.88% (Table.10.4.4). 

In the fields where farmers follow minimum management programme, the 

extent of loss can be evaluated by the following equation: 

Regression equation (q/ha) Regression value (r value) %incidence 

Y=26. 76-0.230x 0.591 * 0.681 * 
*Significant at 5% level 
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In relation to the climatic conditions: The activity of GM was primarily 

restricted to the kharif season. Meteorological parameters during the tillering 

stage of paddy at the period, 37-44 SMW was conducive for the pest. The yield 

loss ranged between 4 and 56% with complete crop failure at some occasions in 

unprotected fields. The average yield losses were ranged 39%, 28% and 13% in 

Raiganj, Hemtabad and Itahar Blocks respectively. 

4.10.4 Yield loss due to PB 

In relation to the paddy growth stages: Farmer' fields were inspected 

periodically during kharif season. Twenty hills were diagonally selected and the 

percentage of unfilled grains was correlated with the number of the nymph and 

adult PB number I mt 2
. From 25 - 50 DAT nymphs constituted the greater part 

ofPB population. At about 60 DAT both nymph and adult forms were equally 

frequent, after which adult PB dominated. Maximum damage to the plant was 

conferred at late stage of panicle formation. Significant positive relation (r = 

0.782) between the number of unfilled grains and the extent of yield losses was 

noted (Fig.4.1 0.1 c). Both the adult and nymphal forms ofPB showed significant 

linear positive R value in relation to growth stages of paddy. The highest extent 

of 60% yield loss with nearly 48% unfilled grains was noted. As the number of 

PB was increased the extent of loss was linearly increased. Highest level of 

60% loss was attributed to 2.16 bug I hill in fields without pesticide protection 

(Fig.4.10.1d). 

Repeated sucking to the developing grain resulted in empty grains.Extent 

of grain sucking by Leptocorysa sp was evaluated (3.6.2.4 in materials and 

methods). The early maturing panicles with different number of PBs were 

encaged in the fields and the damage profile in relation to the particular growth 

stage was evaluated. The study was replicated thrice and the average value was 

taken (Fig.4.10.1e and t). 

Unfilled grains and grain weight: Percentage of grain damage in different 

vials was computed against the vial without nymphs, considered as control. 

Unfilled grains increase steadily as the nymph number I vial is increased. 

the highest was scored with 6 bugs I vial. 
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Fig. 4.10.3: Successive stages of plant part deterioration due to YSB attack. 

Fig. 4.10.4: Consequences of different number ofPB/vial a: PB was sucking grains 
b: Two individuals c: Four individuals d: Six individuals. e: PB on alternative hosts 
f: Multiple punctures due to nymphs sucking g : Emty grain formation due to 
simultaneous PB attack. 
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Number of visible punctures: The number of punctures on a grain differed 

in relation to the abundance of the nymphs. About 60% grains with single 

puncture, was found when the panicles were reared with 2 nymph but the 

number gradually decreased from 50-36% with the corresponding increase 

in the number of nymph from 4 to 6. Side by side, the double and triple 

punctures were also increased, 4 punctures /grain was very rare (Fig.4.1 0.4). 

Nymphs feed at flowering and the adults up to hard dough stage. External 

appearances of puncture marks were not visible instantly but only after milks 

exuded from the grain following the sucking. About 19 and 63 % loss of in 

grain weight was observed when damage was caused by 2 and 6 nymphs 

respectively. However 4 nymphs registered 29 % weight loss. Increase in the 

nymph's number caused multiple attacks to the same grain for food. However, 

first puncture was more crucial for grain weight reduction. 

Number of punctures is not influenced by the plantation dates. 

Effective puncture is related to the time of carbohydrate translocation through 

the plant. Virmani (1999) reported that 30-40% and 60-70% of the rice grain 

carbohydrates are assimilated before and after heading. Puncture before heading 

stage provides partial diet. Fields with comparatively high level of PB 

population at the early stage of heading results in more punctures. While 

infestation after heading stage results in less punctures. 

In relation to damage to the climatic conditions: Activity ofPB was recorded 

in both kharif and bora crops. Multiple overlapping generations with 

comparatively high magnitude of damage (65%) was observed in kharif 

cropthan the bora crop (18%). 

4.10.5 Yield loss due to agro-ecological conditions: Yield loss assessment was 

carried out by subtractive method for two types of land, dry and wet (3 .8 in 

materials and methods). During such process chemical protection was offered to 

two growth stages while the remaining stage got no protection. In dry land 

condition, damage to vegetative stage resulted maximum yield loss (up to 65%). 

In wet land condition, protection free reproductive and ripening stages 

contributed nearly the same range of loss (Fig.4.10.1g). 
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Damage to vegetative, reproductive and ripening stages in unprotected 

condition shared about 45%, 35% and 25% loss respectively. Growth stage 

related experiment showed that damage to vegetative stage in dry land condition 

resulted in maximum loss while the damage to reproductive and ripening stages 

recorded the highest loss in a wet land paddy. Heterogeneity of landscape 

influenced the distribution of the pests and accordingly the extent of damage 

differed. Dry land allowed early colonization followed by rapid multiplication 

of BPH. Stagnant water in wet land disapproved BPH accumulation. 

Furthermore, high doses of inorganic fertilizer normally applied to the dry lands 

intensified YSB and GM activity. 

Significant positive relation was noted between the yield (Y) and the 

yield attributing characters (Table 4.10.5). Villages with sandy loam soil with 

high organic contents as in the Block of Raiganj comparatively yielded higher 

(35.4qiha) than low organic content in muddy soil ofltahar Block (29.2q I ha) 

Table.4.10.5: Relation between yield and yield attributing characters 

Yield and yield attributing model R value 

Y = 1.131 + 0.006 panicle +0.012 grain weight (gm.) 0.611 * 

Y = 1.436 + 0.006 panicle +0.033 plant height+ O.D38leafarea 0.773* 

Significant at 5% level 

Panicle length and the grain weight significantly influenced the final 

yield generation at positive level. Significant positive effects of plant height 

(r = 0.675), panicle length (r = 0.711) and available leaf area (r = 0.603) on 

yield generation were also noted. Greater the plant height, higher would be the 

panicle length together with the higher range of leafy canopy which positively 

influenced the grain filling, accordingly the yield increased. 

Discussion: Average yield loss in the three blocks ranged between 37.6 and 

57.8% in pesticide untreated fields. At IRRI farms, Philippines, the average 

yield loss has been about 40 % under insecticide free condition (Heimichs 

1994). The extent ofloss under traditional agricultural situation in India is 10% 

(Pradhan 1964). In consideration of the maximum realizable yield Siddiq (2000) 
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has estimated that yield gap is 37.1, 34.4 and 15.6 in West Bengal, Karnataka 

and Tamil Nadu respectively. Moderate range of yield gap has been observed in 

Orrisa (64.5%), Manipur (57.3%), Uttar Pradesh (56.5 %) and Tripura (53.7%). 

High yield gap has been reported from the Eastern parts of Uttar Pradesh 

(71.5%), Bihar (70.2%) and Assam (69.6%). 

Yield loss is climate dependent and highly variable. Damage to vegetative, 

reproductive and ripening stages in unprotected condition shared about 

45%, 35% and 25% loss respectively. Growth stage related experiment 

showed that damage to vegetative stage in dry land condition resulted in 

maximum loss while the damage to reproductive and ripening stages 

recorded the highest loss in a wet land paddy. YSB, BPH, GM and PB 

registered an average yearly loss ranged 26-32%, 40-45%, 28-24% and 17-

29% respectively. 
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4.11 Proposal of New Pest Management Protocol 

Based on the comprehensive assessment of dynamics of the four major pests in 

the 20 villages, suitable cultivation module (CM) is suggested for the area. 

4.11.1 Outline of survey operation: In each block fields were extensively 

surveyed from the time of panicle initiation stage of kharifcrop. Six plots (50 x 

50 mt.) were selected from each of the 20 villages, so a total of 120 crop plots 

were examined. One hundred hills in each plot were diagonally examined for 

the damage symptoms, and the plots were categorized depel.)ding on the damage 

frequency. 

4.11.1.1 Ranking of the blocks in relation to the damage symptoms: Not all 

the pests were equally abundant in the selected plots of20 villages. For ranking 

the collective pest frequency of all the plots in a block were considered (Table 

3.5, 3.6, 3.7 and 3.8 in materials and methods). 

In consideration of YSB: YSB caused maximum damage in Raiganj. 

Only 22 fields did not show any damage symptoms in Raiganj. Except in 

one plot with 80% DH and WH, in most of the plots the symptoms 

remained below 70%. The lowest frequency of DH was noted in Itahar 

(Table.4.11.1 ). 

In consideration of BPH: Maximum BPH induced damage was noticed 

in Raiganj and the minimum in Hemtabad. Plots in Itahar had moderate 

·range of damage. Complete crop failure was rare (Table.4.11.2). 

In consideration of GM: Damage caused by GM was maximum in Itahar 

while it was minimum in Hemtabad. GM was moderate in all the villages 

ofRaiganj (Table.4.11.3). 

In consideration of PB: The frequency of damage by PB was nearly the 

same in the entire block. Fields with about 80 % damage symptoms 

constituted only 4%, 4% and 3% in Raiganj, Hemtabad and Itahar 

respectively (Table.4.11.4). 
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Table.4.11.1: Frequency ofDH and WH in different plots of the three blocks 

Blocks 
Number of plots and damage per cent in them 

00 05 10 20 25 30 35 40 45 50 55 60 65 70 75 80 
Raiganj 22 19 II 12 10 9 8 5 7 5 4 2 2 1 1 1 
Hemtabad 28 17 II 10 9 8 6 6 6 5 5 2 2 2 2 1 
!Iabar 30 12 9 8 12 12 8 6 5 5 4 3 2 2 1 1 

Table.4.11.2: Percentage of damage symptoms due to BPH in the three blocks 

Blocks Number of plots and the damage per cent in them 
00 05 10 15 20 30 40 50 60 70 80 90 100 

Raiganj 12 12 9 9 9 9 13 II 8 7 7 7 3 
Hemtabad 20 18 16 13 II 8 9 7 6 4 3 3 2 
Itahar 25 16 12 II II II 8 9 7 4 4 I 1 

Table.4.11.3: Percentage of damage symptoms caused by GM in the three 

blocks 

Blocks 
Number of plots and damage per cent in them 

00 05 10 15 20 30 40 50 60 70 80 
Raiganj 34 22 15 II 10 6 7 7 3 2 3 
Hemtabad 44 12 II 9 10 8 6 6 6 6 2 
!Iabar 16 10 14 16 12 12 II 9 9 6 5 

Table.4.11.4: Percentage of damage symptoms induced by PB in the three 

blocks 

Blocks 
Number of plots with damage per cent in them 

00 04 10 15 20 30 40 50 60 70 80 
Raiganj 21 15 15 15 10 9 9 9 7 6 4 
Hemtabad 22 14 14 13 13 10 8 8 8 6 4 
Itabar 22 15 14 13 12 12 9 8 6 6 3 

4.11.1.2 Gradation of the villages depending of pest intensity: Depending on 

the pest intensity, the villages are categorized following the Standard Evaluation 

System (SES) which is a ten point scale in descending order (Table.4.11.5). 

Lower the grade, minimum was the occurrence of the particular pest infestation. 
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Table 4.11.5: Gradation of villages depending on extent of damage determined 

by Standard Evaluation System (IRRI) 

Pests and damage symptoms(%) 
YSB BPH GM PB 

Villages Dead 
heart+ Hopper Silver Unfilled 
White burn shoot grains 
head 

Bhatole I 9 0 1 
Bindole 3 5 5 5 
Bhagilata 5 7 5 1 
Khoksa 1 5 7 0 
Maharaiahat 7 5 1 1 
Sitgram 5 9 5 7 
Lohanda 7 5 5 5 
Babin 5 1 1 5 
Subhasganj 7 5 0 0 
Rupahar 5 7 5 7 
Bharatpur 5 0 1 I 
Malone 5 1 0 5 
Bishnupur 3 I 1 0 
Madhabpur 3 5 1 1 
Bangalbari 5 5 5 1 
Balitpur 0 5 9 5 
Bhagnail 1 5 7 1 
Chandigram 5 7 7 5 
Durlavpur 0 5 5 1 
Mamai 3 5 7 1 

4.11.1.3 Categorization of the villages depending on pest incidence: An 

Indian level common ETL determinant appears to be inadequate for formulating 

measures at local levels. In spite of almost similar climatic conditions in all the 

blocks, the pest abundance and extent of damage differed considerably 

depending on the agro-ecological situation, pedological differences and the 

cultural practices. Pest intensity of two distantly located villages may be the 

same. Furthermore, the dynamics of two adjoining villages may differ and 

regarding a single pest species two villages may be alike, while others may 

differ considerably. Higher the similarities between the domains lesser would be 

the differences in management practices. 
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4.11.1.4 Categorization of the prime factors for a particular major pest: 

Importance of the importance cultural practices on the bionomics of the pests 

was assessed. Most of the cultural practices significantly influence the 

occurrence of YSB and BPH and required thus an immediate judicious 

attention. GM was influence moderately while PB at marginal level 

(Table.4.11.6). 

Table.4.11.6: Gravity of the different cultural practices on pest bionomics 

Cultural practices Pests 

Description 
Unit YSB BPH GM PB 

and variables 

Plantation time (XI) 
22 SMW(kharif) 

-0.678* -0.787* -0.591* -0.511* 
48 SMW (boro) 

Fertilizer input (X2) 120 kg/ha ·0.897* ··0.776* -0.566* 0.501* 

Light trapping (X3) 200 watt -0.897* -0.945* -0.432 -0.454 

Hill spacing (X4) At 20x20cm -0.517* -0.885* -0.553* 0.441 

Water stress 
Alternative 

management (X5) 
stagnation and -0.564* -0.675* -0.231 -0.334 
draining 

Crop rotation (X6) Green manure-paddy -0.786* -0.445* -0.411 0.154 

Field scouting for At75-80DAT -0.786* -0.122 0.432 0.123 
YSB eggs (X7) 

Tillage time (X8) 
Double plowing + -0.711* -0.423 -0.242 0.114 
double harrowing 

Hand weeding (X9) At 25 and 75 DAT -0.511* -0.653* -0.564* -0.503* 

*Significant at 5% level 

The important cultural practices are graded depending on their negative effect 

on the pest induced yield loss. Each of the all cultural practices was assessed 

separately and the yield protection incurred was noted. 

The principal component analysis is taken as the basis of investigation. 

Variables, whose eigen values were nearly similar were taken in one group. 

Depending on the likeliness, three groups were constructed. 
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Table.4.11. 7: Gradation of the important cultural practices depending on 

their negative effect on the pest induced yield loss 

Grade Total %of Cumulative 
Important cultural practices 

(G) variance variance (%) 

1 Plantation time(X I), fertilizer 

management (X2), light trapping 13.37 58.13 58.13 

(X3) and hill spacing(X4) 

2 Water stress management (X5), 

crop rotation (X6) and field 6.02 26.09 84.23 

scouting (X7) 

3 Tillage operation (X8) and hand 2.76 12.02 96.26 

weeding(X9) 

The prime cultural practices are termed as G-1. Practices which required 

least attention are placed in G-3.G-2 enlisted the practices which required 

intermediate attention in consideration of the other two groups (Table.4.11. 7). 

Four practices in G-l(Xl, X2, X3 and X4) were relatively more crucial than the 

rests. Interrelationship among the variables belonging to G-1 was also done. 

Table.4.11.8: Relationship among the major cultural practices 

Variables Equation of relation r value 

XI -140.21+ 163.23 X2 + 1.861 X3 + 2.962 X4 0.91 * 

X2 -231.56 + 143.45 Xl + 1.792 X3 + 2.612 X4 0.87* 

X3 -561.67 + 156.21 X4 + 1.781 XI+ 2.562 X2 0.82* 

X4 -163.24+261.21 X3 + 1.521 X2+2.111 XI 0.93* 

• Significant at 5% level 
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Relative importance of the variables of G-1 was worked out by 

component analysis. The numerical values, given by the equation ~ = Lx as a 

critation for comparing the degree of resemblances of the hierarchical pattern 

was followed. The principal component analysis with varimax orthogonal 

rotation was employed to find out the lodging of the variables of G-1. Result 

indicated that the time of plantation followed by fertilizer management was the 

foremost important cultural practices to check the pest incidence. Grossly, no 

major variation of the four major variables belonging to G-1 was noted in the 

selected nine villages, three from each of the blocks which indicated that these 

cultural practices were equally important at all the places (Table 4.11.8 and 

4.11.9) 

Table.4.11.9: Lodging of the first eigenvectors of the four variables of the 

villages 

Blocks Villages Value of the variables 
Xl X2 X3 X4 

Raiganj Bhatole 0.987 0.768 0.678 0.564 
Bindole 0.879 0.678 0.712 0.534 
Maharaiahat 0.876 0.645 0.655 0.567 

Hemtabad Sitgram 0.786 0.634 0.634 0.589 
Lohanda 0.789 0.711 0.609 0.599 
Bahin 0.856 0.723 0.688 0.634 

Itahar Balitpur 0.866 0.745 0.611 0.611 
Bhagnail 0.876 0.786 0.563 0.645 
Mamai 0.897 0.772 0.677 0.634 

4.11.1.5 Generation of a new ETL in relation to the pest threshold level 

Depending on the relative threshold values, the pests or their pest 

symptoms are divided into three ( for YSB,GM and PB) or four ( for BPH) 

tolerant grades, accordingly the relative importance of management practices 

differ (Table.4.11.10). No special attention to the field is required in case of 

'permissible threshold' as the pest status is below ETL. At 'junctional 

threshold' the pest status approached to the limit of ETL and the situation could 

be managed only after taking special attention to some cultural practices. 

'action threshold' required the steady prophylactic alteration of the cropping 

practices while in 'battle threshold' (only in case of BPH) immediate pesticidal 
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input together with the adoption of the corrective measures for future crop 

cultivation was given priority. Collective contemplation of the four grades for 

BPH and three grades for each of YSB, GM and PB reflected that in relation to 

the four growth stages of paddy the pests could occur in a total of 164 matrix 

combination matrices (Table4.11.11 ). Each combination indicated its relative 

occurrence and the potential of damage. Combinations which were supposed to 

require the same pattern of prophylactic or corrective measures were taken in 

one group, regarded as Cultivation Module (CM). A total of 12 CMs were 

formed of which 6 were found to be economically and ecologically more 

important (indicated by * in the table 4.11.11 ). After assessing the pest status in 

the field, farmers would be able to follow the appropriate group combination 

and adopt suitable prophylactic or corrective measures (Table.4.11.12). 

Domain dominance: Each of the 12 domains has its individuality and is 

characterized by the presence or absence of the activity of pest(s) (indicated in 

the table 4.11.11). Threshold combinations under the same domain have nearly 

same pest intensity and accordingly require more or less same cultural practices. 

Table.4.11.10: Categorization of the major pests into different grades 

depending on the observable field threshold 

Pests with unit of 
Grade(s) Threshold Ievel(s) 

observations 
AI 0.0-5.0 

Brown plant hopper A2 5.1-10 
Individual(s )/hill A3 10.1-20 

A4 20.1< 
Yellow stem borer Bl 0.0-0.9 
Egg mass(s)/mt.2 B2 1.0-1.9 

B3 2.0< 
Gall midge Cl 0.0-0.5 

Individual( s )/mt. 2 C2 0.6-1.2 
C3 >1.3 

Paddy bug 
Dl 0.0-0.4 
D2 0.5- 1.5 

Individual( s )/hill 
D3 1.6< 

1: Pernrissible threshold, 2: Functional threshold, 3: Action threshold, 4: battle threshold 
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Table.4.11.11: Multiple threshold combinations of the four major pests from 

the paddy fields and their categorization into cultivation modules (CMs). 

CMs Threshold Combinations (TC) 
CMI AIBICIDI,AIB2CID2,AIB!C2Dl 
(Nil) 

*CM2 A2B2CIDI, A2B2CID2, A2B2CID3, A2B2C2Dl, A2B2C2D2, 
(BPH+YSB) A2B2C2D3, A2B2C3Dl, A2B2C3D2, A2B2C3D3, A2B3CIDI, 

A2B3CID2, A2B3CID3, A2B2C2Dl, A2B3C2Dl, A2B3C2D2, 
A2B3C2D3, A2B3C3Dl, A2B3C3D2, A2B3C3D3, A3B2C!Dl, 
A3B2CID2, A3B2CID3, A3B2C2Dl, A3B2C2D2, A3B2C2D3, 
A3B2C3Dl, A3B2C3D2, A3B2C3D3, A3B3CID!, A3B3CID2, 
A3B3CID3, A3B3C2Dl, A3B3C2D2, A3B3C2D3, A3B3C3Dl, 
A3B3C3D2, A3B3C3D3, A4BIC2D2, A4B2CIDI, A4B2CID2, 
A4B2CID3, A4B2C2Dl, A4B2C2D2, A4B2C2D3, A4B2C3Dl, 
A4B2C3D2, A4B2C3D3, A4B3C!Dl, A4B3CID2, A4B3CID3, 
A4B3C2Dl, A4B3C2D2, A4B3C2D3, A4B3C3Dl, A4B3C3D2, 
A4B3C3D3 

CM3 A3BIC2Dl, A3BIC2D2, A3BIC2D3, A3BIC3Dl, A3BIC3D2, 
(BPH+GM) A3BIC3D3, A3B2C2Dl, A3B2C2D2, A3B2C2D3, A3B2C3Dl, 

A3B2C3D2, A3B2C3D3, A3B3C3Dl, A3B3C3D2, A4B!C2D3, 
A4BIC3D2, A4BIC3D3, 

*CM4 AIBIC2D2, AIBIC2D3, AIBIC3D2, AIBIC3D3, AIB2C2D2, 
(GM+PB) AIB2C2D3, AIB2C3D2, AIB2C3D3, AIB3C2D2, AIB3C2D3, 

AIB3C3D2, AIB3C3D3, A2BIC2D3, A2BIC3D2, A2BIC3D3, 
A2B2C2D3, A2B3C2D2, A2B3C2D3, A3B3C3D3, A4BIC2D3, 
A4BIC3Dl, A4BIC3D2, A4B!C3D3, A4B3C3D3 

*CM5 AIB2CID2, AIB2CID3, AIB3CID2, AIB3CID3, A2B2C!D2, 
(YSB+PB) A2B2CID3, A3B3CID2, A3B3CID3, A3B3C2D2, A3B3C2D3, 

A4B2CID2, A4B3CID2, A4B3CID3 
*CM6 A2BICID2, A2BICID3, A2BIC2D2, A2B3CID2, A2B3C!D3, 

(BPH+PB) A3BICID3, A3BIC2D2, A3BIC2D3, A3BIC3D2, A3BIC3D3, 
A3B2CID2, A3B2CID3, A3B2C2D2, A3B2C2D3, A3B2C3D2, 
A3B2C3D3, A4BICID2, A4BlCID3, A4B1C2D3, A4B2CID3, 
A4B2C3D3, A4B3C2D2, A4B3C2D3 

*CM7 A2BIC2Dl, A2B!C2D2, A2BlC2D3, A2BIC3Dl, A2B!C3D2, 
(BPH+GM+PB) A2BIC3D3, A2B3C3Dl, A2B3C3D2, A2B3C3D3, A3B3C3D3, 

A4B1C!Dl, A4B!C2D2, A4B3C3D2, A4B3C3D3 
*CMS AIB2C2Dl, AIB2C2D2, AID2C2D3, AIB2C3Dl, AIB2C3D2, 

(YSB+GM+PB) AIB2C3D3, AIB3C2Dl, AIB3C2D2, AIB3C2D3, AIB3C3Dl, 
AIB3C3D2, AIB3C3D3, A2B2C2Dl, A2B2C2D2, A2B2C3D2, 
A2B2C3D3, A2B3C2Dl, A2B3C2D2, A2B3C2D3, A3B3C2Dl, 
A3B3C2D2, A3B3C2D3, A4B1C2D2, A4B2C2Dl, A4B2C2D2, 
A4B2C2D3, A4B2C3Dl, A4B2C3D2, A4B2C3D3, A4B3C2Dl, 
A4B3C2D2, A4B3C2D3, A4B3C3Dl 

CM9 AIB2C!Dl, AIB3CIDI, A2B3CID2 
(YSB) 
CM!O A2B1CIDI, A3BlC!Dl, A3B1CID2, A4B!CIDI 
(BPH) 
CMll AIBIC2Dl, AIB1C3Dl, AIB2C3Dl 

(GM+PB) 
CM12 AIBICID2, AIB1C!D3, AIB2C2D3 
(PB) 

* MaJor domams 
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Table.4.11.12 Categorization of the 12 CMs on the basis of four grades for adopting suitable pest management 
measures. Grades are indicated by number of+ sign. 

Practices I CMl CM2 I CM3 CM4 CM5 CM6 CM7 CMS CM9 CMlO CMll I CM12 
Prophylactic 

Organic ++ ++++ ++++ ++ +++ +++ ++++ +++ ++++ ++++ ++ ++ 
fertilizer 
Inorganic + ++ + ++ ++ ++ ++ +++ ++ ++ + ++ 
fertilizer 
Weeding ++ ++++ +++ ++ ++++ +++ +++ +++ +++ ++++ ++++ ++ 
Water stress ++ ++++ +++ ++ +++ +++ ++++ +++ + ++++ +++ + 
management 
Light trap + ++++ +++ + ++++ +++ ++++ +++ +++ ++++ + + 
Field +++ +++ ++++ ++ +++ +++ ++ ++++ +++ ++++ ++ ++++ 
scouting 

Corrective 
Variety ++ +++ +++ ++ +++ +++ ++++ ++++ ++++ ++++ +++ 

+ ++ 

Tillage and 
stubble + ++++ + + +++ + + ++++ ++++ + + + 
management 
Crop rotation ++ +++ ++ + +++ ++ ++ ++++ ++++ ++ + + 
Spacing + +++ ++++ ++++ + ++++ ++++ ++ +++ ++++ ++++ + 
Plantation ++ +++ +++ +++ +++ ++++ ++++ ++++ +++ ++++ +++ + ++ I time 
*Pesticide + ++ +++ + +++ ++++ 
application 

+:Least attention +++:Steady attention:;++: Normal attention,++++: Special attention. 

* if necessary 

++++ ++++ ++++ ++++ +++ ++ 
I 



Results and Discussion 

4.11.2 Schematic corridor diagram representing the flow of information system 

in a socio-cognitive frame work for the effective implementation of the 

proposed pest control module 

Continuous monitoring and fine tuning of the system are essential to 

maximize the benefit from the recommended cultivation modules (CMs). Success of 

the recommended CMs further depends on the perception of the farmers, interloping 

of the working machinery and time bound adoption of the components as presented 

in the following corridor diagram: 

., .... Schematic Socio->.C: ... .. 
relation cognitive .. c: 

8 Q 
"" Q. Action pathway between frame ... 8 
10-. Q the paths works 

u 

Identification and subsequent specification of Structural 
" components "' the key pest(s) prevailing in the area "' for ..c: 
<>. 

Estimation of pest level in relation to the .... knowledge 
" meteorological conditions by conducting basic generation. i:: ,_ 
" survev work at the locality "' .~ Identification of the nature and extent of .-"' "' infestation of different pests in relation to the a:l ... 

growth stages of paddv ,_ 
Determination of the pest levels by adopting .- Measureme 

nt of the standard insect sampling techniques and 
generated accordingly switching to the appropriate pest ... knowledge, threshold level as below 
attitude and 

Permissible threshold: No special control l perception 
measures except daily supervision is required as (KAP) 

" the pest is below the threshold level regarding "' "' -a ... cultivation 
c: Functional threshold: The species is going to process. 
0 attain the pest status hence an immediate :.g 

l c: adoption of the functional system of the insect '1=: 
" protection protocol is required A 

Action threshold: The pest is at the economic 
injury level and required immediate action to 
check the pest 
Battle threshold: The pest is above the E1L 

l hence requires steady pest monitoring with 
effective cesticidal input. 
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Schematic Socio-
relation cognitive 

Action pathway between frame 
the paths works 

Switching on to controlling measures ! Purposeful 
application 
of ... 
knowledge 

Gearing up of the decision making system to ! with 
select pest control protocol positive ... attitude for 

future 
I perception . 

Choosing of appropriate protocol ... Negotiation 
Prophylactic: Crop rotation, weeding, light , group 
trapping. fertilizer and water stress management • formation 
Corrective: Pesticide application, spacing, and leader 
adjustment of the time of plantation, stubble 

I 
selection. 

management 
Selection of control option(s) from a particular _;_ 

category ofCMs 
Evaluation of result of each of the control 

protocols consisting of batches of application ! +/-
options in relation to yield attributes 

Fixing up of a particular protection system in 
Application 
of the 

consideration ofpest(s), agro-ecological ... 
protocol at 

" conditions and the cost effectivity 
I• 

community eo 
"' level by the ~ +-"' 0: establishme 0 

·~ ntof 
'1'1 Percolation of the best protectional system to the farmers 

-3 farmers through a technology transfer model and field school 
"Cl to expedite the highest benefit with proper ...... and through " ..c: application of KAP system 0 the Krishi 
Cll 

Projukti 

1+/-
Sahayak(K 
PS) 

Continuous feed back with a diagnostic attitude ... 
to quantify the major pests, key pest status, 
specific pest : defender ratio, changeable value • of ETL, multiple crop loss assessment, damage 
rating and determination of multiple pest 
damage thresholds to run the system at a steady 
state 

Contd ... 
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Key to the symbols 

Symbol Meaning 

• Integration of variables - Direction of flow of variables 

... Valves in a flow, indicating decision making system . ... Constant parameters 

• Intermediate variables 

+I- Positive or negative feed back 

4.11.3 Advantages of the proposed CMs: Farmers are the mstruments in the 

conventional 'top-down' agricultural system. The suggested CM includes both 

simple prophylactic and corrective measures. Within a CM, farmers, extension 

agents and field workers can work together as equal partners, each having 

definite contributory role. The superiority of CM is its regional specificity in 

respect of the following: 

Specificity in respect of cultivating crops: CMs inexpensively elaborate 

the 'level of control' which is set only for the abundant pests at area. 

Recommendation is made in due consideration of the growth stages of the 

cultivar Swama Mash uri and the prevailing crop rotation practices. Paddy 

intercropping with maize renders high incidence of BPH and GM in the 

block Raiganj in every year. So CM8 can aptly be followed for this 

reg10n. 

Specificity in respect of agro-ecological conditions of an area: 

Heterogeneity and the spatial distribution of a pest suggest the necessity of 

more region specific suitable pest control strategy. The recommended 

protocol is agro-ecologically compatible for the area of study. However, 

the model can be adopted for other zones having similar environment or 

with suitable modifications for other situations. 

Study conducted by RRI, Chinsurah (West Bengal) has shown that 

the mealy bug (Brevenia rehr) is a minor pest in Bankura district but 

assumed a major pest status in district Purulia. The leaf folder 
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(Cnapholocrosis medina/is) a mmor pest in paddy fields of Purulia, 

attained a major status in Bankura. However BPH is the major pest in both 

the districts. Similarly, through BPH is an epidemic pest in the Disticts of 

Uttat Dinajpur and Dakshin Dinajpur, the rice mealy bug is negligible in 

these two districts. 

Specificity of technology compatible to the environmental factors: 

During the formulation of a CM attention has been given for the judicious 

application of pesticides and fertilizers. Side by side regional climatic 

parameters and pedological heterogeneity have been duly considered. The 

pest profiles of the three blocks differed, though the climatic parameters 

were nearly the same. The extended flood prone zone with heavy clay 

soils having higher water holding capacity resulted in water stagnation 

which impeded BPH out break in Itahar. 

Intermittent rainfall, fluctuating average daily temperature, high 

humidity and nearly the same topographic location cause GM outbreak in 

the districts ofUttar and Dakshin Dinajpur. 

4.11.4 Assessment of efficacy of the new CMs: The relative superiority of the 

recommended CMs has been evaluated with the prevailing alternative pest 

management protocols such as natural biocontrol (NBC), need based protection 

(NBP) and schedule based protection (SBP). Each CM has specific entity and 

accordingly requires specific management strategy. Among the CMs, six have 

appeared the importance. Average number of pests in these under these six CMs 

has been considered as recommended practice (RP). Farmers who did not 

follow the RP have termed as non adopted farmers (NAF). NAF either followed 

the schedule based protection (SBP) or need based protection (NBP). The pest 

number from NAF plots were graphically plotted against the values of six CMs. 

Inter-module comparisons was further made to assess their relative superiority 

of the six CMs. 
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4.11.4.1 Impact on pest bionomics: In all the CMs the pest status was below 

theETL. 

Incidence of YSB 

In relation to existing modules: Highest number of YSB was counted 

under NBC (I0.6 individuals I 5 hill) at 60 DAT followed by NBP. RP 

scored lowest in number ofYSB (Fig.4. I I. I a). 

Within the recommended CMs: CMs considerably checked the DH(%) 

at the vegetative stage (4.1 I to 5.22%) as compared to NAF (I2.28%). 

Best control was obtained in CM6 (3.92%) followed by CM2 (4.09% DH) 

and CM7 (4.14%). Least number of WH (%) was found under CM6 

(1.98%) followed by higher order in CM2 (2.09%) and CM4 (2.17%). 

Thus the best control was achieved in CM6 due to the judicious 

application of the fertilizer at early tillering stage (Fig.4. I I. I b). 

Incidence of BPH 

In relation to existing modules: The NBC plots showed highest number 

of BPH population (32.9 individuals I hiii) followed by NBP (16.64 

individuals I hiils) and SBP (9.87 individuals I hiiis). While the least 

number was observed in case ofRP (6.49 hopper I hiiis) (Fig.4.1 I.lc). 

Within the recommended CMs: Mixed population of BPH and WBPH 

was noticed at panicle initiation stage of the crop in the proportion of 1:3. 

CMs reduced the hopper population effectively (I2. I5 to 4.04 I hill) .The 

CM8 appeared most effective (3.15 I hill). CM4 was evicted as the 

second best treatment (4.53 hoppers I hill). However NAF scored I9.25 I 

hiii (Fig.4.11.1d). 

Incidence of GM 

In relation to existing modules: GM population was 3.8 and 14.1 

individuals I I 0 hiiis in case of RP and NBC at tiiiering stage respectively. 

Infestation was highest in NBC ( 40% SS) which was followed by NBP 

(32% SS). However, the highest incidence of parasitized gall (PG%) was 
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observed in case of NBC (25%) and the least in case of SBP (4%). PG"/o 

was nearly the same in SBP and RP (Fig.4.11.1e). 

With in the recommended CMs: Lowest SS% was observed under CM5 

(7.21%) followed by CM2 (8.47%), the highest was scored under CM6 

(l1.41%). All the CMs significantly reduced the GM infestation than the 

NAF (42.58% SS). The CM8 was found most effective. Phorate granule at 

20 DAT when applied in case of NAFs, only could control the pest 

satisfactorily (12.78% SS) (Fig.4.11.1f). 

Incidence of PB 

In relation to existing modules: Except in case of RP, no major 

difference in PB number was observed at late tillering stage. However at 

panicle initiation stage, the highest number was recorded under NBC 

followed by NBP. SBP and RP did not differ numerically (Fig.4.11.1g). 

Within the recommended CMs:: CMs appreciably lowered the PB 

incidence at ripening stage (5.1to 8.4 individuals I 50 hill) when 

compared to the incidence in NAF (32.2 individuals I 50hill). Best control 

was manifested in CM5 followed in ascending order by CM4 and CM2. 

Accordingly least level of unfilled grains was found under CM5 followed 

by CM4 (Fig.4.11.1h). 

4.11.4.2 Impact on natural enemies 

Grossly, in all the new CMs the dynamics and number of the natural enemy 

population was relatively higher than the other cultivation practices 

(Figs.4.11.4). 

Incidence of spiders 

In relation to existing modules: No major differences in the dynamics 

were recorded in the treatments NBC and NBP. RP supported comparably 

low level of spiders. The population gradually increased from 10 DAT and 

maximized at 50 DAT after which it gradually subsumed. From 60 DAT 

onwards the population showed a nearly stable state in all the treatments 

(Fig.4.11.3a). 
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Within the recommended CMs: In case of CM2 the highest number of 

spiders (2.81 individuals/hill) was noted and the lowest was noted in case 

ofCM7. When in CM4 and CM5 the number was in between the two but 

higher than in case ofNAF (1.15 individuals I hill) (Fig.4.11.3b). 

Incidence of bug 

In relation to existing modules: A very low number of bugs was 

observed in SBP, RP and NBP. The bug started to appear from the very 

early vegetative stage, maximized at 50 DAT and then steadily declined in 

all the management procedures (Fig.4.11.3c). 

Within the recommended CMs: The highest number of the bug was 

noted in CM6 and the lowest was in CM5 with 1. 41 individuals I hill 

(Fig.4.11.3d). 

Incidence of beetle 

In relation to existing modules: The coccinellid predator predominated 

in case ofRP and NBC. The lowest number was recorded for under SBC 

and for NBP the number was in between. With the progress of growth 

stage, the beetle number gradually increased, maximized at 60 DAT and 

then gradually declined (Fig.4.11.3e). 

Inconsideration of CMs: No major differences were observed among all 

the CMs. CM2 supported relatively higher number of beetle from the early 

vegetative stage (2.8 individuals I hill) (Fig.4.11.3f). 

Incidence of fly 

In relation to existing modules: Relatively low number of fly was noted 

under SBP. However, the number differed insignificantly in other 

protection modules (Fig.4 .11.3 g). 

Within the recommended CMs: In all the CMs there was no gross 

difference in the fly numbers (Fig.4.11.3h). 
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Fig. 4.11.2: Relative C:B ratios between the CMs and without adoption of any 
of the CMs (NAF i. e. Control) . 
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Fig. 4.11.4: Natural enemies in the paddy fie lds following recommended CMs. 
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4.11.4.3 Impact ofCMs on weed incidence 

There were wide differences in weed density and biomass in the three 

blocks due to pedological differences. 

Weed pressure 

Weed density and canopy: Simply by visual measures the weed density were 

graded into high (H), moderate (M) and low (L) (3.8.6 in materials and 

methods). The densities were H, M and L in case of NBC, NBP and SBP 

respectively. All RP (average of all CMs) exhibited L. CM4 exhibited 

'excellent' (very poor density) while the other CMs showed 'good' (low 

density) canopy pattern. 

Table.4.11.13: Impact of weed incidence spectes composition and weed 

pressure. 

Protection types 

Activity 
of weed CM 

NBC NBP SBP 
CM2 CM4 CM5 CM6 CM7 CMS 

Density H M L L L L L L L 

Canopy H s L (F) L(G) L(G) L(E) L(E) L (E) L (E) 

44.78 16.61 12.28 10.41 9.98 10.61 11.21 11.21 9.37 
Biomass 

±6.98 ±3.85 ±2.73 ±2.33 ±1.78 ±2.11 ±3.13 ±2.68 ±2.43 

H: high, M: moderate, L: low, G: good, E: excellent, P: poor 

Weed biomass: Weed biomass was relatively low under all the CMs. But, weed 

dry matter I unit area was generally high at reproductive stage of paddy as 

compared to that at vegetative stages. At all the CMs average biomass was 

about 21.11, but in case of NBC, it was 70.42 gm I mt2 biomass (Tables.4.12.13 

and 4.12.14). 

Weed control efficiency: The efficiency was best in case of the CMs, lowest 

under NBP and of intermediate nature in case of SBP. 
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Fig.4.11.5: Grain characteristics under different recommended CMs 
and existing other alternative pest control practices. 

357 



Results and Discussion 

Table.4.11.14: Weed density biomass recorded for different treatments 

Growth stages of paddy. 

~ Types of At At ... 
.s control tillering reproductive I'Q 

No/mt 2 Mas• 
No/mt 2 

gm/mt2 

NBC 
32.41 44.78 23.32 
(5.73) (6.72) (4.88) 

'5' NBP 
15.92 25.37 13.21 

gj, (4.05) (5.08) (3.70) 
·a 11.21 19.98 09.78 ~ SBP 

(3.42) (4.52) (3.20) 

RP 09.53 11.91. 12.80 
(3.16) (3.52) (3.64) 

NBC 
33.72 86.21 72.37 
(5.84) (9.31) (8.53) 

-d 
NBP 

16.61 52.32 50.21 

~ (4.13) (7.26) (7.12) 

= SBP 12.27 41.21 32.11 
" (3.57) (6.45) 5.71 :r: 

RP 10.41 36.72 14.20 
(3.30) (6.10) (3.83) 

NBC 
28.61 80.27 47.11 
(5.39) (8.980 (6.91) 

NBP 
23.80 24.31 42.31 

~ (4.92) (4.98) (6.54) 
5 12.21 14.71 26.37 - SBP (3.560 (3.90) (5.18) 

RP 10.21 12.41 18.31 
(3.27) (3.59) (4.33) 
3.48 04.71 04.71 

LSD at5% 22.31 14.36 14.36 
Ftgure m parentheses are square root transformed value 

NA: not applicable 

Mns• 
gmlmt' 

41.61 
(6.48) . 

23.41 
(4.88) 

16.31 
(4.10) 
15.11 
(3.95) 
100.32 
(10.Q4) 
69.32 
(8.35) 
49.79 
(7.09) 
39.31 
(6.30) 
93.20 
(9.67) 

41.61 
(6.48) 

30.21 
(5.54) 
16.72 
(4.14) 
04.36 
12.92 

Weeding status (No 
weed denotes 100 
percent weedine) 

" ;. .. '::1 = ... ·c = 
~ 

... 
0 ... ... 
~ 

NA NA 

33.74 42.71 

69.71 54.72 

73.14 81.11 

NA NA 

34.81 49.11 

71.23 56.11 

75.24 84.52 

NA NA 

31.11 44.31 

65.71 58.24 

72.21 75.62 

31.90 NA 
06.74 NA 

4.11.4.4 Yield and cost effectivity: SBP and NBP yielded 32.7 and 29.5 q I ha 

respectively. The lowest yield was obtained under NBC. Compared with that of 

SBP the yield was higher in RP. Furthermore, RP resulted in better cost: benefit 

value among all the treatments. Mean yield in all the CMs was 33.9 q I ha. C:B 

value was 1:1.66 in RP and 1:1.54 in SBP. CMs resulted in seasonal 12% profit 

increase due to 5-9 % yield increased. The costs of labour and pesticides 

decreased due to CMs by about 6 % and 75 % respectively (Fig.4.11.2 and 

Table 4.11.15).Grain quality also differed considerably (Fig. 4.11.5). 

358 



"' V\ 
\0 

Table.4.11.15 Comparative study on the cost effectivitylbigha of the present recommended practice with other available practices 

Total input in terms of cost I bigha Yieldlbenefitlbigha 

Fertilizer Chemicals Seed+ (B) 
Type Labour+ Total Benefit 

Block of ... .. .. .. Transport Expenditure Ratio 
control .~ ·a :'5! .., .., 

+Irrigation C=a+b+c C:B go. Cost ... ·o ·o Cost § ·..:: :s ·s:. Paddy Straw Total .. (a) " (b) (c) .. 0 .. .. c .. ~ .. = 0 .s .s 
== 

r.. 

NBC 300 180 480 X X X X 1200 1680 1868 300 2168 1:1.29 

NBP 300 180 480 80 40 25 145 1200 1825 2324 400 2774 I: 1.52 
Raiganj 

SBP 300 180 480 80 35 25 140 1280 1900 2633 350 2983 1: !.57 

RP 325 170 495 20 10 09 39 1180 1714 2428 300 2778 1: 1.62 

NBC 200 220 420 X X X X 1200 1620 1839 300 2139 1:1.32 

NBP 200 240 440 85 40 25 
Hemtabad 

145 1200 1785 2116 400 2516 1:1.41 

SBP 200 180 380 85 35 30 !50 1200 1730 2314 350 2664 1:1.54 

RPM 200 180 380 25 30 12 67 1!80 1627 2433 300 2733 1:1.68 

NBC 400 180 580 X X X X 1200 1780 2174 300 2474 1:1.39 

NBP 400 200 600 80 40 25 !45 1200 1945 2381 400 2781 1:1.43 
Itahar 

SBP 400 190 590 75 35 25 135 1280 2005 2818 350 3168 1:158 

RP 400 165 565 20 10 09 39 1180 1784 2643 300 2943 1:1.65 
L__ ~- ~ -- - - -- ~ L_- -

(X): Not applicable. 1 hectare= 7.5 bigha 
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4.11.5 Acceptability of the recommended cultivation module (CMs) 

Farmers responded variably to the recommended CMs. In order to assess 

the superiority and acceptability of the recommended modules, farmers were 

divided in two batches, trial (positive) and non-trial (negative) groups, 25 

farmers in each group. Only 20% farmers of the trial group could successfully 

perform the weeding. The recommended hill spacing and fertilizer use was 

followed by only 37% and 6% farmers respectively. However 94% adopted the 

suggested land preparation techniques. The trained farmers (positive group) 

preferred to follow the CMs meticulously. 

At the initial stage, both trial and non trial groups obtained nearly the 

same quantity of paddy. During demonstration in 2007 for the first kharif crop, 

the yield was low among the trial group. During the first boro crop in 2007, 

however, the yield of the trial group increased marginally. The highest 

production was obtained only after the second trial. However, in all the cases 

production of non-trial (negative) group the production increased noticeably 

after minimizing the quantity of pesticide due to diffusion of knowledge in them 

from the success of trial groups. Thus, the negative group gradually adopted the 

SBP protocol. So the effect of the newly recommended CM caused the gradual 

shift of the anti-IPM practices to the pro-IPM practices. 

In some Asian countries, the yield I unit land was increased by 2.46 - 25 

% after observing IPM, pesticide cost was reduced by 27 - 86%, and C:B from 

1:2.2 to1:2.7 (FAO 1996). Yerriswamy (2001) studied the paddy production 

under both highly-intensive agricultural system (HIAS) and semi-intensive 

agricultural system (SIAS) in Tungabhadra Project area (1997-98), Kamataka, 

and found that the expenditure on fertilizers and plant protection chemicals was 

lowered under ancient irrigated agricultural system (AlAS). 
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4.11.6 Short comings of the local model and future directions: The present 

recommended 'area-specific' cultivation management or 'precision farming' 

compensates the shortcomings of the 'National protocols' and protect 

environment by rationalizing of the chemical inputs. Such programme, at its 

initial step, may become more cost efficient for recruitment of the trained 

persons, field trials and for the improved understanding of target pest and 

enemy dynamics and continuous fiuitful monitoring over a wide area. Present 

site-specific village level farming involves the measurement and analysis of 

within-field yield variability only to the variety Swarna Mashuri (MTU 7029) 

and targetting the four major insect pests. But the future trials may focus on 

multiple pest constraints on all the cultivars by 'computer based monitoring 

system ' that will help the decision makers of the district to evolve the 

appropriate cultivation strategy, based on the following objectives and 

hypothesis: 

Objectives Hypothesis 

1. To test other promising paddy a. Often the results obtained in on 
varieties in due consideration of the station evaluation of paddy 
pest attack in the remaining 6 blocks varieties are not reproducible in the 
of the district Uttar Dinajpur having farmers' field conditions since the 
different agro-ecological conditions actual constraints relating to the 

pest deterioration may not be 
reflected. Hence in each occasion 
the causes of yield gap should be 
analyzed 

2.To analyze farmers' perception on b. Farmers perception needs to be 
the acceptability of the local and assessed for the introduction of 
high yielding varieties new varieties suited to the area, so 

that the yield of paddy be 
substantially increase and their 
living condition be uplifted 

3. To expedite regional inter state c. The extension of prom1smg 
flow of promising local paddy varieties across the regions and the 
varieties having higher adaptability states is essential to realize there 
for the proliferation of genetic adaptability and acceptability with a 
resources. conscious mind to mmimize the 

migratory pest attack. 

Contd .... 

361 



Results and Discussion 

Objectives Hypothesis 

4. To verify and refine the area- d. Unless research is carried out on 
specific technology packages in other area basis for deciphering the 
districts of West Bengal for the problems after usmg farmers 
gradual improvement of eco-friendly participatory methods, optimum 
production of paddy with minimum management packages reflecting the 
input of pesticides and application of ETL of different pests having 
inorganic N fertilizers. regional importance cannot be 

worked out. \, 

5. To exploit the production potential e. Farmers may not be aware of the 
of the varieties after applying improve agro technology, scientific 
ecologically improved upgraded agro cultivation protocols specific to the 
technology along with local 

.. 
varieties and the prom1smg 

cultivation protocols for realizing the minimum but timely pesticide input 
maximum yield with low pest to maximize the yield. Hence 
infestation. evaluation of KAP of farmers and 

requisite trainings will have to be 
adopted. 
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4.12 Knowledge, Attitude and Perception (KAP) of Farmers and 

Success of IPM 

Limited success of the District level IPM programme is due to the poor 

response among the farmers which requires an evaluation of their knowledge, 

attitude and perception to cope up with suitable cultivation strategies. Adoption 

of prescribed schedule includes time-bound, integrated and adequate cultivation 

and pest control practices. A coordinated and well articulated adoption of IPM 

programme is the prime requisite to manage paddy pests in the District Uttar 

Dinajpur. 

4.12.1 Existing cultural control methods: Different cultural procedures either 

singly or in combinations are in practice by the farmers in the three blocks 

(Fig.4.12.1). 

In Raiganj: 67% farmers rely upon handpicking or sweep net catching of pests. 

Trimming the tips of seedlings before transplantation is practiced by only about 

15%.Use of light traps is very infrequent; season dependent and only about 6% 

farmers have adopted it. Placing alternative food resources in the fields for pests 

is almost nil. More than 75% farmers rely on the lucky planting dates while 

about 34% farmers trust on spiritual praying. Transplantation of young 

seedlings is done by only about 15% and about 10% relied on suggested 

planting dates. Water stress management is followed by about 13% farmers. 

About 52% farmers remove weeds from field periodically. Uses of trap crops 

are rare phenomenon. 

In Hemtabad: About 72% rely on handpicking or sweep netting. Cutting of 

seedling tips is followed by only about 9% farmers. Use of light traps is very 

occasional and installed by about 9% farmers. Use of alternative food resource 

of insects is uncommon. More than 68% farmers rely on the lucky planting 

dates while 28% prayed to God for good yield. Transplantation with young 

seedlings is followed by only about 18% and 16% trust on proper planting 

dates. Alternative flooding and draining of the field is followed by only 17% 

farmers. Periodic weeding is done by about 42%.Use of trap crops is monitored 

by about 3% farmers. 
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Fig. 4.12.1: Pattern of exiting cultural control methods in the three blocks. 
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In Itahar: Approximately 79% rely on handpicking or sweep netting. 

Trimming of seedling tips during transplantation is followed by only 11% 

farmers. Use of light traps is very occasional and season specific and practised 

by 12% farmers. Use of alternative food sources is almost none. More than 

61% farmers avoid the unlucky planting dates while about 3 9% farmers 

resided players. Young seedlings are transplanted by only 12% farmers while 

18% observe proper planting dates. Alternate stagnation and draining in the 

fields are followed by 19% farmers. Weeds are periodically removed by about 

50%. A use of insect trap crops is meager, only about 1% farmers have been 

found to do so. 

4.12.2 Evaluation of farmers' knowledge 

Farmers having different educational background was interviewed 

against the prepared questionnaire relating to different cultivation tools and the 

responses are graphically plotted (Fig.4.12.2f). 

Knowledge on pesticides (Fig 4.12.2a) 

In Raiganj: 25% farmers select pesticide on the basis of its physical 

characters such as dust, granules, and liquids, but chemical composition is 

considered only by 4% farmers. Only 4% are able to account for the mode 

of action of pesticides. Less than 3% farmers know the proper precautions 

to be adopted during application of pesticides. 5% of the farmers have the 

idea of hazardous effect of the pesticides. 

In Hemtabad: 29% farmers select pesticide based on its physical 

characters. Chemical ingredient is considered only by 2% farmers. Mode 

of pesticide action is known by only 3%. Less than 5% farmers know the 

proper safety measures to be adopted during application. 7% of the farmers 

are aware of harmful effect of the pesticides. 

In ltahar: 21% farmers select pesticide based on its physical character 

while 3% farmers rely on its chemical component. Only 5% can state the 

mode of pesticide action. Less than 4% farmers are acquainted with the 
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pesticidal precautions while 7% know the hazardous effect of the 

pesticides. 

Knowledge on the field pests (Fig.4.12.2b) 

In Raiganj: About 53% of the farmers know the common or local names 

of the pests while only 20% could identify them. Only about 9% are able 

to cite the name. 16% farmers are able to enumerate the name of the paddy 

varieties, and only about 2% are aware of their resistance against the pest 

attack. 

In Hemtabad: About 40% of the farmers know the names of the pests 

commonly occurring in the field. But only 14% are able to recognize them 

while 7% farmers were able to identifY by name. Only 22% farmers are 

aware of the high yielding varieties of paddy but the actual scientific cause 

of their resistance is known to 3% farmers only. 

In Itahar: About 32% are able to name the pests commonly occurring in 

the field but only 9% can recognize the pests. 5% farmers can identify the 

pests with their names. About 14% farmers can enlist the paddy varieties 

but only 4% know the actual causes of resistance of a variety. 

Assessment of actual level ofDH and WH in the fields (Fig.4.12.2c) 

Pre school (no schooling): Only 7% farmers can asses the actual quantum 

of the DH(%) and WH(%) in the field. But their estimation differs, over 

estimate by 8 % and low estimate by 5% farmers. Both over and lower 

estimate differ by 10-15% farmers. 

School: Only 13% could account for the actual field level ofDH and WH. 

Results differ by over estimate of 10-15% lower estimate by 10-15%. 

Post school: Only 22% farmers are able to estimate the quantum of DH 

and WH rightly. Most of the farmers either over estimate or under 

estimate. The range of both over estimation and underestimation differ by 

I 0-15%. The remaining farmers are non-respondent. 
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Assessments of actual level(%) of silver shoot in the fields (Fig.4.12.2d) 

Pre school (no schooling): Not more than 5 %of the farmer can estimate 

the real value of SS (%)at the field level. Most of the farmers either over 

score or under score the actual count. Such wrong counts differ between 

10 and 15%. 

School: Nearly 12 % farmers can count the actual field level of SS(%). 

The count is either overestimated or underestimated by I 0-15% than the 

actual value. 

Post school: Only 22% farmers have the ability to count the SS(%) 

perfectly. They either over count or undercount from the actual. Such 

differences range between I 0 and 15%. 

Field knowledge regarding the natural enemy (Fig. 4 .12.2e) 

Pre school (no schooling): Only 9% farmers can recognize the natural 

enemies but only 4% know their beneficial role and only I % is able to 

identifY the enemies with their name. 

School: About II % are able to identify the natural enemies but only 4% 

are aware of their beneficial role while 2% can identifY them by name. 

Post school: Only 12 % farmers can recognize the natural enemies, not 

more than 4% have the idea of their beneficial role and only 2 % can 

identifY them with name. 

Discussion: Based on the data collected from 58 small, 33 medium and 9 big 

farms in the District ofMidnapur,West Bengal Jana eta/. (2000) classified the 

farmers into three categories: Pre-school (no schooling),school and post school. 

The knowledge of the farmers on the management of insect pests of crops was 

assessed. The authors observed that the said knowledge of all the three 

categories was of medium level irrespective of their socioeconomic status, 

extension contact, mass media exposure, level of education and social 

participation of the families. 
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Differences in the status of knowledge relating to the management of 

insect pests among the farmers are obstacles to the adoption of proper plant 

protection measures. 

It is thus suggested that the government officials, NGOs and the extension 

agencies need to follow a systematic, well-planned and coordinated 

approach for improving the knowledge status of farmers, especially those 

are in the pre school category. 

4.12.3 Evaluation of farmers' attitude 

Fifty farmers of each of the categories of educational background were 

interviewed with a questionnaire relating to the required dose of pesticides 

depending on the status of pest infestation. The data obtained were graphically 

plotted ( 4.12.3c). 

Regarding application of pesticides (Fig.4.12.3a) 

Pre school (no schooling): Only 9% have the idea of actual requirement. 

Most of the farmers either over estimate or under estimate the 

requirement. The range of both the faulty estimates stands between 10 and 

15 % of the actual requirement. Both are harmful. Overestimate cause 

environmental toxicity. Under estimate induces the development of 

resistance by the pests. 

School: Only 12% could state the required dose. Most of the farmers 

either overestimate or underestimate the requirement. The over estimate 

and under estimate differ between 10 and 15%. 

Post school: Only 16% of the farmers have the knowledge of actual 

requirements. They either over estimate or underestimate. The range of 

such wrong estimation differs between I 0 and 15%. 

Growth stage dependant appropriate selection and application of 

pesticide are crucial to check the pest outbreak under KAP improvement 

programme. Application of sub-lethal dose of pesticides accelerates 

resurgence of BPH, necessitating higher input of pesticides for crop 

protection. Higher doses exert detrimental effect to the natural enemy and 

accumulate in the yield and environment. 
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Regarding the appropriate doses of fertilizer (Fig.4.12.3b) 

Pre school (no schooling): 13% could account the actual required dose 

of fertilizer. The farmers either overestimate or under estimate the actual 

requirements. The range of wrong estimation differs between 10 and 15%. 

School: Only 12% of the farmers have the idea of fertilizer. Mostly either 

overestimate or under estimate the actual requirements. The range of 

wrong estimations differs between 10 and 15%. 

Post School: Among the farmers only 9% can measure the required dose 

of fertilizer. Most of them either overestimate or under estimate the 

requirement. The range of wrong estimations differs from 10-15%. 

Discussion: The prime component of modem IPM is to assess before hand the 

pattern of prevailing cultural protocols commonly practised by the farmers and 

their consequent impact. Accordingly modification, alteration or addition to the 

prevailing system are to be evolved by a systematic study (Jana et a/. 2002). 

Hand picking is time consuming and may be prove best in all times (Silva et 

a/. 2005), light trapping to assess the pest occurrence draw very little 

attention (Degallier eta/. 2004, Chen eta/. 2005). A befitting alternative set of 

practices for a locality causes an abrupt change to the microclimatic 

environment that may restrict the pest activity such as observed in case of YSB 

and BPH incidence ( Feng eta/. 2001 ). 

Improved educational programmes focused on pest controls are being 

observed in developing countries (Mengech eta/. 1995, Koul eta!. 2004). Plant 

clinics designed to educate farmers about pest biology, identification and 

appropriate controls have gained momentum. Accurate pest identification, 

reasonable estimates of potential damage and determination of appropriate 

control have given in the 'tool box' of alternatives (CAST 2004). Many pest 

problems such as of BPH require historical data rather than real-time samples. 

Information about the pest, variety of the paddy, and short/long term 

consequences of different pest control options is given priority under KAP 

value programme (Horn 1988). Maredia (2003) has explained that such 

fundamental knowledge base is closely aligned with progress towards more 
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ecologically based crop management. The Farmer field school (FFS) approach 

was introduced in Indonesia in 1989 for disseminating IPM technology among 

the rice growers (Van de Fliert 1993 ). Studies conducted in South East Asia 

claims that pesticide application has decreased with more IPM knowledge and 

FFS training with the production increase up to 25%. Generated idea of FFS can 

be transmitted to the farmers by Local Agricultural Research Committee 

(CIAL) (Roger 2003). 

The prime constituent of current IPM is to review the existing cultural 

protocols commonly practised by the farmers and their resultant impact. 

Accordingly alteration, adjustment or addition of newly suggested 

methodology was done. 

4.12.4 Evaluation of perception 

The success of an IPM programme depends upon adoptability of the 

evolved cultivation protocol by the farmers. Farmers who do not follow the 

protocol are called 'spoiler holdouts' which may weaken the success of a 

programme. Besides, some farmers may 'free-ride' and thus hampering the 

allotted programme to a group of farmers. To overcome 'spoiler holdouts' and 
" 

'free riders', it may be essential to enforce a schedule upon an unwilling 

minority. 

Comparative analysis of the perception of the farmers to the recommended 

protocol 

Regarding the rate of the application of the pesticide: The adopted farmers 

or the positive group (who participated in the training)of farmers before the 

training applied 70% pesticide, it was reduced up to 30%, two seasons after the 

training. The negative groups (who did not participate in training) applied 

nearly 90% pesticide, after the training restricted the application to 50%. The 

expenditure for pest control was accordingly reduced. During the training 

·period both the groups of farmer showed a positive attitude for reduction of the 

pesticide use as nearly 60% of the positive and 78% of the negative group relied 

on the pesticide application. One season after the completion of training in both 

the groups of farmers a steady decrease of pesticide use was noted (Fig.4.12.4a 

and b). 
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Regarding the yield attributes under proportional application of fertilizer: 

Perceptual knowledge of farmers to the CM was tested in a paddy-wheat crop 

rotation system with 5 different proportions of organic and inorganic fertilizers. 

Highest yield was obtained with completely inorganic input and the least with 

completely organic input. Non-trained farmers with the exclusive use of 

inorganics obtained the yield nearly the same like that in case of trained farmers 

who applied inorganic: organic =75:25, the yield was better. But the non-trained 

farmers could produce the yield lower than that of trained farmers even after 

using the same proportion of fertilizers This happened because of lack of 

knowledge among the non-trained farmers due to lack of exposure for fertilizer 

application in proper time of a particular growth stage of paddy (Fig.4.12.4b.c 

and d). 

The farmers, who adopted the IPM schedule, reduced pesticide application 

and relied more on the organics after the training than non-IPM groups. 

Results thus indicate that educational approaches are preferred for dealing 

with effectiveness of pesticide management regulations. 

Regarding the quantification of the yield: The suggested CMs were tested 

on a batch of 50 farmers. The relative ability of the farmers to execute the 

module before, during and after training was assessed in relation to average 

final yield and cost effectivity (Fig.4 .12.4e ). 

No basic differences were found before their training. The trained 

farmers (adopted group) obtained slightly higher quantity of yield probably due 

to the higher perception of the cultivation techniques. During the training 

programme a steady fall in the yield in case of adopted farmer was observed. 

Although non-adopted farmers maintained comparatively higher production 

rate. But for both the groups of farmers an increase ofC: B value was observed. 

After successful completion of training although the yield of adopted farmers 

remained unaltered like the training period but their C:B value increased. In 

case of non adopted farmers the yield was slightly lower than the training period 

but C:B value had improved . 
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Farmers require time to fully acquaint with and accustomed to the newly 

recommended technique for at least two seasons. So a boost in the production 

and cost effectivity were observed after two seasons. Increase in the production 

and cost effectivity for non trained group of farmers was due to the percolation 

and transmission of knowledge from trained to non trained groups. Such 

training programme could be administered through the farmer field school 

(FFS) and by the field demonstration. 

Nurzaman et a/. (2000) randomly collected data from 120 farmers, 60 

out of them were trained in Farmers' Field Schools (FFS) while the remaining 

60 were non-FFS. Practice of IPM by the farmers was considered as the 

dependent variable. 60% of FFS farmers had medium practice, 28% had high 

practice, and 12% had low practice ofiPM, while 57% of the non-FFS farmers 

had low practice and 43% had medium practice ofiPM. Education, family size, 

organizational participation, cosmopoliteness, extension contact and agricultural 

knowledge had significant relationship with proper practice of IPM in the case 

of FFS farmers. Only extension contact and innovativeness correlated with the 

practice ofiPM among non-FFS farmers. 

Steady increase in both production and C:B value was only observed for 

both trained and non trained farmers only after two crop seasons. Steady 

reduction of the productivity during the training and subsequent first crop 

season was due to the reliance on the organics and side by side reduced 

application of pesticide and inorganic fertilizers. 

4.12.5 Shifting paradigm 

The Changes in the view of the farmers after the adoption of CMs was 

evaluated with a questionnaire for determining the KAP value(%) which shows 

the departure from the previous myth (Table.4.12.1 ).50 farmers were questioned 

and the persons who responded positively were taken as KAP value. 
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Table.4.12.1: Assessed KAP value of the farmers after training and 

adoption of CMs 

KAP 
Previous myths Present realities value 

(%) 

Pests can be controlled only by mass Application of pesticide is only a 
killing after usmg pesticides of curative attempt rather than a 57 
different brands preventive success. 

All insects in the field are pests so the Rampant application destroys the 
applications of the pesticides are natural enemies of the pests also, 62 
beneficially detrimental to all of the imbalances the eco system and thus 
pests the pesticide-resistant pests take over 

No relationship exist between the Mono-cropping over large contiguous 
practice of mono-culture and pest areas reduce genetic base of paddy 
incidence which results in an unobstructed 51 

proliferation of the pests 

Rampant application of nitrogenous Dynamics and the intensity of the 
chemical fertilizers and pest incidence pests are intermingled with land 63 
are not related fertility and applied doses of nitrogen. 

Prevention of pest incidence is to Pesticide protection as a preventive 
spray pesticides even when the pest measure can be adopted only when 46 
IS not present the pest threshold level crosses the 

economic status 

Adoption of newer brands of Manipulation and integration of the 
pesticides, fertilizer and HYV's are the appropriate cultural practices can 
maJor objective to control pest effectively control the field pest 39 
population. population 

The benefits obtained due to the Detrimental effect of pesticide IS 51 
application of the different brands of extended even after the crop 
newer pesticides outweigh the risks harvesting, basically depending on the 

spectrum of toxicity. 

The cultivation practices like water All the processes individually or 
stress management, tillage, sowmg collectively influence the field pest 69 
dates, weeding, are in no way related level, hence each factor should be 
to the subsequent unmanageable pest duly considered. 
insurgence/resurgence 

Higher the input of inorganic fertilizer, Same amount of yield can be 
52 greater would be the yield generation; generated by the combinational 

hence it is essentially inevitable to use application of organic and inorganic 
high quantity of inorganic fertilizer to fertilizer. Furthermore, higher the 
maximize the yield. application of inorganic fertilizer 

greater would be the pest intensity 
inducing comparatively higher range 
of damage. 
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Success of the recommended IPM programme depends on the KAP 

performance as farmers having different educational background response 

variably to the CMs. Continuous monitoring and fine tuning of the 

programme is only possible through the execution of the establishment of 

IPM schools and the periodic effective field demonstration by the trained 

agricultural officials to the farmers. 
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Paddy is cultivated with selected high-yielding varieties in temporal and spatial 

continuum, with high inputs of chemical fertilizers and insecticides without 

careful supervision due lack of proper scientific knowledge of adverse effect on 

environment, animal and human health, on numerosity of natural bio-control 

agents and so on. Indiscriminate use of inorganic and organic nitrogen and 

insecticides intensifies insect pest problems. A uniform broadly defined IPM 

policy can not effective in all the agro-climatic conditions. Hence, 

comparatively more reliable alternative pest management strategy having 

interactive relationship between weather parameters, crop phenology and pest

population is required to be worked out for an area with a view to asynchronize 

the vulnerable stage of paddy crop with the peak period of incidence of pest 

species through adjustment of suitable cultivation profile. 

Purpose of study: The prerequisite for such an IPM is to develop a local 

system using micro-level data and fine-tuning of the system for stable and 

sustainable yields, verifying and redefining of ETLs, investigating newer 

strategies for evolving useful IPM protocols for the farmers. With this mission 

an investigation was carried out in three blocks: Raiganj, Hemtabad and Itahar) 

of the district Uttar Dinajpur, West Bengal. 

The objective of the new protocol should stand on '5P': Population, 

Productivity, Price, Pollution, Pest and Pesticides. 

Designing the experiment: Studies were under taken for evolving best 

possible cultural management of four major insect pests such as yellow stem 

borer (YSB), brown plant hopper (BPH), gall midge (GM) and paddy bug (PB) 

during the period from 2003 to 2006 with the widely cultivated high yielding 

variety, Swarna Mashuri-MTU 7029. An abridged form of the experiment is 

represented in the following chapters: 

Chapter-I. Bio Ecology of the Insect Pests, Natural Enemies and 

their Interaction with Climatic Factors 

Objective: In order to formulate a forecasting equation for each of the four 

major pests and preparation of time-tables in relation to pest occurrence, fort-
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nightly assessment on the dynamics of the pests and natural enemies was made 

in relation to climatic factors using light traps and hill estimation. 

Observations: 

1. Dynamics of pests 

YSB: The infestation of YSB initiated at the second standard 

meteorological week (2 SMW), followed immediately by the two 

consecutive moderate peaks at about 4-6 SMW and 20-22 SMW. A minor 

peak was recorded at about 28 SMW. The major peak was observed only at 

about 47-48 SMW, after which the population steadily declined. 

BPH: The initial low population ofBPH occurred from about 2 SMW to 8 

SMW. The first major peak appeared at about 16 to 20 SMW. The second 

highest peak was noted at about at 40-44 SMW, after which the population 

steadily declined. 

GM: Initial very low number during early months gradually increased from 

20 to 30 SMW. The moderate number was noted at 32 SMW and 

maintained up to about 38 SMW. The peak incidence was restricted only to 

40-44 SMW. Persistent low number was noted at about 18-22 SMW and 46-

48 SMW. After 48 SMW the midge population was remarkably declined. 

PB: The pest appeared first at 4 to 8 SMW, the major peak happened 

between at 20 and 24 SMW and 36 and 40 SMW. 

Dynamics of natural enemies 

Spider: The initially low number in the months of January gradually 

increased to the highest level at 14-16 SMW and then steadily declined 

within 24 to 26 SMW. After the 2"d week of July the population gradually 

increased again and maximized at 36-40 SMW. 

Bug: The initial low count was followed by gradual increase at 20 SMW 

which maintained at a steady state up to 40 SMW after which the population 

gradually declined. 

Beetle: In general no specific pattern of relationship of beetle population 

with the climatic factors was noted. However, the relative availability of the 

species was more after 18 SMW which was maintained up to 38 SMW. 
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Fly: The fly population was inconsistent. The highest population was 

noticed at the late vegetative stage of paddy. The population thereafter 

steadily declined. Very low level of population with low abundance was 

noted when the crop matures. 

YSB egg parasites: The highest number of Trichogramma sp. and Tetrastichus 

sp. was recorded in March and July and that of Telonomus sp. in August. 

3. Formulation of pest forecasting equation and pest time table: Depending 

on the average values of pests and climatic conditions during the four years 

(2003-2006) a pest forecasting equation for each of the four major pests was 

formulated. The average predicted value for each pest in two subsequent years 

2007 and 2008, was compared with the observed value .YSB and BPH 

abundance was largely compatible with the equation while that of PB and GM 

was found incompatible. A comprehensive time table for the number of 

individuals of each species was constructed. Furthermore, the most effective 

period of natural enemies in relation to the climatic conditions was also 

specified. 

Deductions: Assessment of pest and natural enemy dynamics is of foremost 

importance to predict the pest incidence in the subsequent years and accordingly 

for adopting proper pest management protocol. Inconsistency of the equation 

for GM and PB indicates the impact of climatic parameters because these two 

pests were more active in wider climatic ranges. 

Chapter-H. Dynamics of the Pests in Relation to the Planting 

Time and Relative Yield of Paddy 

Objective: In order to specify the proper time of cultivation, the major pests 

were assessed on two seasons, kharif and boro, at every 7 days interval by hill 

estimation. Cultivation timings were designated as KP I, KP2 and KP3 for 

kharif and as BPl,BP2 and BP3 for boro crop. The four pests were assessed 

on standard meteorological weeks (SMW). 

Observations: In both the seasons, depending on the time of cultivation the 

dynamics of the pests varied remarkably. The yield of paddy also differed. 
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During kharif season the maximum yield (29.67 q /ha) was obtained at KP2 

(plantation at 22 SMW) while in boro season it was BP2,plantation at 48 SMW, 

(34.89 q I ha). 

Deduction: Activity of the pests was season specific. Asynchrony of favourable 

growth stages of paddy with the pest seasons minimized pest attack. Thus the 

time specific plantation schedule was essentially required to avoid pest 

infestation. Very early and late plantation encouraged pest attack. 

Chapter-III. Analysis of the Prevailing Cultivation Practices 

Objective: Altogether in 20 villages of the 3 blocks kharif crop alone were 

largely cultivated. However boro crop had been found to gained momentum in 

recent years. A holistic observation was made on cultivation practices, 

consequent pest incidence and paddy yield. 

Observation: Differences were noted regarding rice variety, source and quality 

of seed, seed treatment, water and weed managements, pesticide use, age of 

seedlings at transplantation, proportional field management expenses and the 

dates of harvest. 

Deduction: Practices was followed by the farmers disregarding the proper 

timings cultivation which often resulted in severe pest outbreak. 

Chapter- IV. Paddy Growth Stage Related Judicious and 

Minimum Input of Pesticides 

Objective: Four commonly used pesticides were tested in different 

combinations for understanding the efficacy against one or more pests at a 

particular growth stage of paddy. Efficacy of some common pesticides, their 

dose, time and season of application and cost effectivity was also tested. 

Observations: The efficacy of a pesticide differed according to the growth 

stage of paddy. All the pesticides were unequally effective against all the four 

pests. Low pest level could induce high range of damage and vice versa. The 

quantum of damage was paddy growth stage dependent and prevailing weather 

conditions. Lethal action of the pesticides against natural enemies was more at 
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vegetative and reproductive stages of paddy. Avoidance of pesticides at the 

early growth stages was found indispensable for natural enemy colonization. 

Deductions: The four pests did not attack paddy simultaneously, hence the 

selection of pesticide should be done in consideration of the standing growth 

stage of paddy, spectrum of lethality and relative abundance of the pests and 

natural enemies. Furthermore, some pesticides had phytotonic effect producing 

more yield attributing characters which in tum attracted more pests. 

Chapter-V. Growth Stage Specific Application of Fertilizer 

Objective: Though the yield potential of inorganic fertilizers was very high, but 

the pests attack increased with the higher doses of inorganic N input Therefore, 

a suitable combination of both inorganic fertilizer and organic manure and its 

growth stage specific applications could offer a better alternative with marginal 

compromise of yield, retaining quality of the produce and health of both soil 

and ecosystem. 

Observations: Application of only organic though preserves field natural 

enemies but the yield was substantially reduced. A cocktail of both inorganic 

and organic at appropriate proportions had been found to ameliorate the 

problem. 

For this purpose, yield attributing characters (plant height, effective tiller 

number, panicle length (em), grain number/panicle and grain yield) and the pest 

dynamics were recorded after application of 14 different combinations of 

organic and inorganic fertilizers .. 

Deductions: Proportionate increase of inorganic N imparted a positive effect on 

the pest bionomics. Adoption of FTll (50% inorganic + 50% organic) 

treatment was found relatively economic, because it could minimize the pest 

attack without affecting yield. But the FT5 combination (inorganic 25: organic 

75) might be recommended in areas where GM was epidemic. The different 

fertilizer combinations had no major impact on the standing natural enemy 

population. 
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Chapter-VI. Assessment of the bionomics of the major 

phototropic pests 

Objective: Light trapping of YSB and BPH were suited to weather conditions. 

The objective was to study the periodicity and brood emergence of YSB, and 

the best suitable trap light colour and the time of installation for BPH trapping. 

YSB was trapped for both uninterrupted and interrupted time scale. Effect of 

continuous trapping on YSB settlement on the crop areas at the vicinity of the 

trap zones was also evaluated. Morphometric observation on YSB broods 

according to the seasons was also noted. Effect of three different combinations 

of organic and inorganic fertilizer on the YSB dynamics was also studied. 

Observations: 

1. YSB predominated at all times, in highest number at the ripening stage 

followed by the reproductive and vegetative stages. Morphometric 

differences were noted in broods. The two consecutive moderate peaks at 4 

and 20 SMW, a minor peak at 28 SMW, and the only major peak at 48 

SMW were recorded. Following light trapping moths settled on the paddy at 

the vicinity of trap areas. Consequently nearer to the trap, the higher was the 

number ofDH and WH in the area. DH number was higher when trapping 

was done at the vegetative stage for a continuous period. Discontinuous 

trapping covering two growth stages of paddy intensified WH due to steady 

multiplication of the earlier batches of moths. Judicious field scouting in the 

light trap areas was thus indispensable. Physical and climatic conditions 

influenced YSB settlement at different distances from the source of light 

trap. 

2. The highest collection of BPH was obtained after using white light. The" 

lowest value was obtained at 05:00-6:00 hrs and 52.53% trapping occurred 

between 18:00 and 22:00 hours. Climatic factors and standing crop 

phenology influenced the catch size. 

Deductions: Installation of the light trap throughout the year was not 

economically justifiable. Hence trapping the pest only during the period of 

'peak' pest incidence appeared prudent. Furthermore, as the effectiveness of 
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trap collection is directly influenced by weather conditions it was more 

appropriate to monitor trap in relation to weather conditions and to growth stage 

of the standing paddy crop and land location all of which determined the 

success of using light traps. 

Chapter-VII. Weed Communities in the Paddy Fields and 

Integrated Weed Management 

Objective: Most of the paddy field weed species serve as alternative hosts of 

the paddy pests. Judicious weeding practices and land preparation techniques 

are necessary for better pest suppression. Random weeding is the usual practice 

among the farmers in all the three blocks. Proper management of weeds 

modifies the paddy field ecosystem which in tum exerts positive influence on 

the natural enemy and negative on the pest. Hence, an appropriate weed 

management strategy would felt to evolve. 

Observations: 

1. Tillage intensity and land preparation techniques influenced weed 

generation and composition which in turn governs the occurrence of both 

pests and natural enemy population. It was found that two plowing + two 

harrowing most effectively reduced recurrent weed generation. 

2. Weed mass and the numerical abundance of both pests and natural 

enemies could be manipulated by appropriate weeding practices. When 

weeding were performed twice at 25 and 50 DAT (HW4), YSB and BPH 

infestation was minimum though regarding GM and PB, the effect was 

very insignificant or not at all. 

3. Cultivation by direct sowing favoured comparatively higher weed mass 

generation than in case of transplantation. 

4. Weed biomass and paddy yield in different land preparation practices had 

significant to poor levels of relation and different cost: benefit ratios. 

5. Judicious retention of field water restricts weed generation and hence pest 

abundance. An insignificant relation was noticed between the water depth 

and weed biomass at vegetative stage and significant negative effect at 

reproductive and ripening stage. 
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Deductions: Proper land preparation, maintenance of judicious water level and 

time-fitted weed management were essential to check the pest abundance and 

side by side to conserve the natural enemies. Complete eradication of weeds in 

clean cultivation proved detrimental to the natural enemies. 

Chapter-VIII. Impact of Selected Cultural Practices on the Pest 

Incidence 

Objective: The most vulnerable life cycle stage of a pest and its abundance 

must be determined and accordingly management strategy is to be developed. 

For this purpose the consequences of some of the cultivation practices such as 

crop rotation, hill spacing, plantation techniques and age of seedlings at 

transplantation on the incidence of selected pests and natural enemies were 

studied. Simultaneously the effect of some practices that interfere with the 

biology of a particular pest was considered. 

Observations: 

1. Farmers were found to practice a total of 32 modes of crop rotation, six 

were mostly practised. In monoculture of paddy the highest number of pests 

occurred while in green manure-paddy rotation the number was lowest. 

2. Destruction of the stubble by plowing at 48 SMW before the emergence 

of next seed generation could prevent YSB outbreak. 

4. The intensity of BPH attack was influenced by both N fertilizer and hill 

distances. It appeared that in endemic areas, a spacing of 15 x 20 em or 25 x 

25 em with high doses of 120kg /haN can be permitted. Further increase in 

spacing reduced paddy yield. 

Similarly spacing and fertilizer dose also appeared prudent against GM in 

Raiganj and Hemtabad where GM is recurrently epidemic. But in ltahar 15 

x 15 em spacing with 120kg N/ha was compatible to give higher yields. 

Deductions: Higher water use efficiency in case ofF1T2S1 (NPK:80 + 40 +40, 

T2: spouted seed in puddle condition,S 1: submergence only at tillering and 

flowering) impairs suitable microclimatic zone for BPH. Hence, this treatment 

results in low count of BPH and relatively higher paddy yield. Though, the 
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number of BPH increased up to 40% with increase of fertilizer from 0-120 

kg/lm. Physiological distress due to higher seedling age proved conducive for 

BPH infestation. 45 days old seedlings reduced the incidence of both YSB and 

BPH. 

Chapter-IX. Study on the Influence of Some Selected Cultural 

Practices on the Life Cycle and Behaviour of YSB and BPH 

Objective: Cultivar based timely field scouting is essentially required to 

destroy YSB egg masses to the highest extent. Proper hill spacing for niche 

generation to the lady bird beetle (LBB) for successful predation ofBPH by the 

LBB. Cultural practices should aim at niche displacement by influencing 

microclimatic conditions. Furthermore, plot size and pesticide influence the 

distribution of both pests and natural enemies. Preservation of GM parasite by 

the retention of field stubbles is promising for the suppression ofGM. 

Observations: 

1. Leaf number I hill showed a significant positive relation with the egg 

masses. Egg mass deposition was paddy variety independent. Inactivation 

of egg masses by physical and biological means appeared density 

independent. 

2. At early growth stages no specific microclimatic zone could be 

established, the entire plant length acted as a complete territory for both 

LBB and BPH and enhanced the rate of predation. With the gradual 

microclimatic zonations from the late vegetative stage along the height of 

the tillers, the BPH moved downward while the LBB migrated upwards. 

3. Foliage generation and growth were governed by doses of N fertilizer 

which induced larger leaf area, hence the bush pattern was changed. 

4. Spider was less migratory while BPH could cross a wide distance. 

Pesticide applications immediately drove away the BPH, but resettled 

immediately as the action of pesticide was over, the spider could not. 
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Deductions: 

1. Inactive eggs shared about 65-76% ofYSB eggs. Second brood ofYSB 

caused relatively low damage; first brood larvae caused the maximum. 

Hence, scouting relating to the second brood appeared comparatively less 

crucial. Farmers commonly apply pesticides with hand sprayers from the 

border of the fields resulting in a push back ofBPH and spider population to 

the interior of the vast stretches of paddy field. Canopy within the field 

provided enough space for survival ofBPH. 

2. The dynamics of BPH varied in accordance with the leaf area index 

(LAI). High LAI value at closer spacing (I 0 x 10 em) generated suitable 

microclimate for BPH colonization. BPH gradually increased as the doses of 

fertilizer were increased. BPH was more abundant as the plant growth 

progressed. 

3. Irrespective of field size, in a perpendicular transects from the border, the 

spider number gradually increased, attained the highest across 6mt. 

periphery, and then decreased steadily towards the interior. Larger field size 

supported higher number of spiders than in the small fields. So it is thus 

suggested to fragment the larger paddy field into smaller areas for better 

management. 

4. Further, retention of some residual stubble after harvest helps for the 

immediate inoculation of the parasite to the next crop. 

Chapter-X. Assessment of Pest Induced Yield Loss 

Objective: Assessment of differences between actual and attainable yield due to 

successive pest attacks under different management practices and changeable 

climatic conditions would help to evolve a proper pest management decision at 

local micro levels. 

Observations 

In relation to growth stages: 

YSB: Attack by YSB larvae at early growth stages promoted dead heart 

(DH) while at the late growth stage causes white head (WH). Due to 
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multiple overlapping generations the extent of damage was greater at the 

late growth stages 

BPH: BPH damage was assessed by measuring the damage of flag leaf area 

which was essential for grain filling and distribution on the spikelets. Yield 

reduction corresponds to the field BPH number. 

GM: Damage by GM at vegetative stage compensated by new vigorous 

tiller generation. Significant positive linear relation existed between the 

number of gall and the extent of tiller generation. Highest grain weight was 

obtained from 4 galls I clump compared with the tillers having no galls. But 

late infestation at early reproductive stage caused stunted of growth and the 

formation of 'onion shoot' that resulted in considerable loss. 

PB: Maximum damage was caused if infestation occurred at late stage of 

panicle formation. Significant positive relation (r = 0. 782) between the 

number of unfilled grains and the extent of yield losses was noted. Both 

adult and nymphal forms ofPB showed significant linear positive R value in 

relation to growth stages of paddy. The highest of 60% yield loss with 

nearly 48% unfilled grains was recorded. 

In relation to agro-ecological condition: 

Damage at vegetative, reproductive and ripening stages in unprotected fields 

resulted in 45%, 35% and 25% losses respectively. 

Deductions: The loss conferred to the paddy plant depended both on the pest 

species and seasons. Damage to vegetative stage in dry land paddy resulted in 

considerable loss while to the reproductive and ripening stages the loss was 

highest in a wet land paddy. Crop damage was higher in kharif crop than in 

bora. 

Chapter- XI. Proposal of New Pest Management Protocol 

Objective: The severity of damage by the pests is influenced by agro ecological 

situations, growth stage dependent phenological changes of paddy plant and the 

management quality. Although the seasonal climatic conditions were nearly the 

same in all three blocks, pest abundance and extent of damage differed 

considerably depending on relative micro level agro-ecological differences, 

pedological diversity and the cultural practices. Pest intensity of two distantly 
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located villages may be the same. But, the dynamics of a pest in two adjoining 

villages may differ. In respect of a single pest any two villages may be alike, 

but may considerably differ for other pests. The villages that require almost the 

similar pest management devices can be clustered as a single domain. Higher 

the similarities between the domains the same management practices are 

expected to be effective and vice versa. 

Observations: At a given time the ETL values of four major pests in the same 

field was found to differ. The different values were categorized into four 

tolerance grades; hence the relative importance of management practices of the 

pests differed. In case of permissible threshold no alternation demanded. At 

functional threshold the pest status approached to the limit of ETL and the 

situation could be managed with one or two specific cultural practices. Action 

threshold required the steady prophylactic measures by way of alternate 

cropping practices. Finally in case of battle threshold immediate pesticidal input 

together with corrective measures for future crop should be given priority. 

Collectively the four grades ofETL of each of the pests reflected that in respect 

of growth stage of paddy alone, the pests could occur in a total of 164 matrix 

combinations. Each combination had distinctive relative incidence of four pests 

and damage potentials. Combinations which required the same prophylactic or 

corrective measures were taken into one group, designated as cultivation 

module (CM) A total of 12 CM were available of which 6 were found to be 

economically and ecologically more important. Hence, after asserting the pest 

status in the field level, farmers might follow the appropriate CM. The 

recommended CMs are found relatively superior than the available other 

alternative cultivation methodologies of Natural Bio Control (NBC), Need 

Based Protection (NBP) and Scheduled Based control (SBP). Mean yield under 

CMs was 33.9 q I ha and average. C:B value was 1:1.66 in CMs while 1:1.54 in 

SBP. Adoption of CMs had shown a seasonal higher profit up to 12 %, 

increased yield from 5 to 9 % and reduction in labour cost and cost of synthetic 

pesticide application by about 6% and 75% respectively. 

Deductions: Recommended single measure of ETL at National level alone 

appeared to be a weak determinant and proved inadequate for adopting pest 
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management decisions at local levels. CMs can aptly fulfill the requirement. 

Hence, prior to an attempt for pest management, assessment of the field pest 

status was necessary. Preparation of CMs for other blocks of the District and for 

other crop was thus indispensable. 

Chapter-XII. Knowledge, Attitude and Perception (KAP) of the 

Farmers and Success of IPM 

Objective: Because of their inadequate knowledge, attitude and perception 

(KAP) of the farmers any recommendation of insect pest management through 

cultural practices would not find its function. Success of the recommended 

Cultivation Modules (CMs) programme necessitates the development of KAP 

among the farmers. For this purpose KAP of the farmers belonging to different 

educational background were assessed by a prepared questionnaire. Field trials 

were also conducted to assess their KAP. 

Observations: Farmers responded variably to the CMs. Their KAP levels were 

not adequate for IPM successes. Differences were also noted in their efficiency 

to assess the actual pest status in the field and follow the necessary management 

practices. Even the newly evolved CMs were adopted by very few farmers. 

However, after entraining, the farmers gradually shifted attitude from anti-IPM 

to pro-IPM. 

Deductions: Success of an IPM programme is mainly based on the infusion and 

spreading of knowledge on CMs to a large scale and their participation to the 

IPM. 
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Overall Impact of the Study 

Application of scientific protocol specially aimed at paddy cultivation was 

underscored for long time although paddy shares a major part of the economy in 

the District of Uttar Dinajpur, West Bengal. Holistic survey of the dynamics of 

four major paddy pests during 2003-2006 in the three adjoining blocks, Raiganj, 

Hemtabad and Itahar of the District Uttar Dinajpur in relation to cultural 

practices enable to formulate the cultivation modules (CMs).The superiority of 

the recommended CMs with relation to the prevailing pest control practices was 

substantiated in the subsequent years (2007-2008) of study. 

Geographical impact. The field experiment covered a total area of 75 ha 

agricultural land and included 67 families spreading over 20 villages and 

dependent on agricultural income. 

Economic impact: With the objective of net returns, recommended cultivation 

modules (CMs) have proved relatively better returns than the other existing 

alternatives. In Raiganj block, CM6 yielded net benefit of Rs2, 778 I ha over the 

prevailing farmers practice (FP) with notably high C:B value of 1:1.62. In case 

of Itahar block significant reduction in plant protection cost due to the adoption 

ofCM2 was noted with a C:B value1:1.65. Finally in Hemtabad block, adoption 

of CM7 resulted in the maximum net profit of Rs. 2,474 /ha with the cost 

benefits ratio 1:1.68. 

Technological impact: A considerable gain in knowledge levels (KAP) of the 

farmers was noticed due to frequent participatory interaction following field 

demonstration trials. Pesticide application in the plots that followed one or the 

other CMs, decreased considerably. At Raiganj capability to identify the pests, 

timely stubble management and need based growth stage specific application of 

fertilizer increased significantly. At Hemtabad, application of balanced fertilizer 

and maintenance of optimum plant seedlings were improved. At Itahar, CM2 

gave an impressive impact on the farmers for reduction of pesticide. At all the 

location, the natural enemy populations were comparatively higher in the plots 

where CMs were implemented. 

Community impact: Through the participatory approach, the farmers also 

realized the necessity of the adoption of CMs at community level. 

392 



CHAPTER SEVEN 

References 



Reforences 

*Abdullah, M. & Ho, N.K. 1998. Mist-netting records of some pest and non

pest ricefield birds of the Muda rice agroecosystem. In: Rice agro

ecosystem of the Muda Irrigation Scheme, Malaysia. Editors: 

Nashriyah, B.N., Ho, N.K, Ismail, B.S., Ahyaudin, B.A. & Lum, KY. 

Malaysian Institute for Nuclear Technology Research (MINT) & Muda 

Agricultural Development Authority (MAD A). Pp. 169-178. 

Abraham, C. C. & Nair, M. R. G. K. 1975.The brown plant hopper outbreaks 

in Kerala, India. The Rice Entomol. News/. 2: 36. 

Abraham, C.C., Thomas, B., Karunakaran, K. & Gopala Krishnan, R . 

. 1972. Effect of planting season and associated weather conditions on 

the incidence of rice stem borer Tryporyza incertu/us (Walkar). Agric. 

Res. J. ofKerala 10(2): 141-151. 

Abro,G.H., Lakho.G.M. & Syed,T.S.2003. Relative resistance of some rice 

cultivars to yellow, Scirpophaga incertulas (Walk.) and pink, Sesamia 

inferens (Walk.) stem borers. PakJ. of Zoo/. 35 (2): 85-90. 

Afun, J.V.K., Johnson, D.E .& Smith,R. A .1999. Weeds and natural enemy 

regulation of insect pests in upland rice: a case study from West Africa. 

Bull. Entomol. Res. 89:391-402. 

Agnihotri, N.P. 2000. Pesticide consumption in Agriculture in India - an 

update. Pestic. Res. J. 12(1):150-155. 

*Agnihotri, N.P., Gajbhiye, V.T., Kulshrestha, G. & Mahapatra, S.P. 1995. 

Monitoring of pesticides in Ganga river water and agricultural fields on 

its bank at Farrukhabad, UP, India. In: Pesticides, crop protection and 

environment. (eds. S. Walia and B.S. Parmar) SPS publication no. 6, 

Society of Pesticide Science, India, Oxford & ffiH publishing Co. Pvt. 

Ltd., New Delhi, India, pp. 477-498. 

Ahmed, M.K. & Rao, R.S. I 965. The influence of cultural practices on stem 

borer (Schoerobius incertulus Walker) attack in rice. Madras Agric. J. 

52:311-313. 

393 



References 

Aikins, J.S. 1957. Dry season investigation of stem borers, Northern Region 

(Ghana). Ghana Farmer 1(5): 190-191. 

Ajayi, 0. 1990. Possibilities for integrated control of the millet stem borer, 

Acigona ignefosalis. Hampson (Lepidoptera: Pyralidae) in Nigeria. 

Insect Sci. Appl. 11: 109-17. 

Alam, M.S. 1988. Seasonal abundance of rice stem borer species in upland and 

irrigated rice in Nigeria, Insect Sci. Appl. 9(2): 191-195. 

* Alam, N., Sing, R., Yadav, R.P. & Goel, S.C. 1992. Population dynamics of 

borer complex in deep water rice. Bioecology and control of insect 

pests. Proc. Of the Nat!. Symp. On Growth development and control 

Technologyofinsectpests. pp. 95-99. 

*Alam, S. & Karim, A.N.M.R. 1977. Brown plant hopper a probable threat to 

rice Cultivation in Bangladesh. Paper Presented at the 2"d Bangladesh 

Annual Sci. Conf. Bangladesh Agric. Uriv. Mymensingh. January, 23-

26. 

* Alam, S. 1971. Population dynamics of the common leafhopper and 

planthopper pests of rice. Unpublished. Ph. D. thesis, Cornell 

University, U.S.A 

Albert, R., Dannemann, K.R. & Hassan, S.A. 2001. 25 Years of biological 

control of the corn stem borer: looking back and forward to successful 

use ofTrichogramma parasites in Germany. Mais 29(3) :106-109. 

Altieri, M.A. & Gliessman, S.R.1983. Effect of plant diversity on the density 

and herbivory of the flea beetle. Phyllotreta crucifera . Go. in California 

Collard (Brassica oleracea) cropping systems. Crop. Prot. 2:497-501. 

Altieri, M.A. & Todd, J.W. 1981. Some influences of vegetational diversity 

on insect communities of Georgia soybean fields. Prot. Ecol. 3.333-

338. 

Altieri, M.A. & Whitcomb,W.H. 1980.Weed manipulation for insect 

management in corn. Environ. Manag. 4:483-489. 

394 



References 

Aikins, J.S. 1957_ Dry season investigation of stem borers, Northern Region 

(Ghana). Ghana Farmer 1(5): 190-191. 

Ajayi, 0. 1990. Possibilities for integrated control of the millet stem borer, 

Acigona ignefusalis. Hampson (Lepidoptera: Pyralidae) in Nigeria. 

Insect Sci. App!. 11: 109-17. 

Alam, M.S. 1988. Seasonal abundance of rice stem borer species in upland and 

irrigated rice in Nigeria, Insect Sci. Appl. 9(2): 191-195. 

*Aiam, N., Sing, R., Yadav, R.P. & Goel, S.C. 1992. Population dynamics of 

borer complex in deep water rice. Bioecology and control of insect 

pests . . !'roc. Of the Nat!. Symp. On Growth development and control 

Technology of Insect pests. pp. 95-99. 

*Alam, S. & Karim, A.N.M.R. 1977. Brown plant hopper a probable threat to 

rice Cultivation in Bangladesh. Paper Presented at the 2"d Bangladesh 

Annual Sci. Conf Bangladesh Agric. Uriv. Mymensingh. January, 23-

26. 

*A lam, S. 197 L Population dynamics of the common leal-hopper and 

planthopper pests of rice. Unpublished. Ph. D. thesis, Cornell 

University, U.S.A 

Albert, R., Dannemann, K.R. & Hassan, S.A. 2001. 25 Years of biological 

control of the corn stem borer: looking back and forward to successful 

use ofTrichogramma parasites in Germany. l'vfais 29(3) :106-109. 

Altieri, M.A. & Gliessman, S.R.1983. Effect of plant diversity on the density 

and herbivory of the flea beetle. Phyllotreta cruc!fera .Go. in California 

Collard (Brassica oleracea) cropping systems. Crop. Prot. 2:497-501. 

Altieri, M.A. & Todd, J.W. 1981. Some influences of vegetational diversity 

on insect communities of Georgia soybean fields. Prot. bcol. 3.333-

338. 

Altieri, M.A. & Whitcomb,W.H. 1980.Weed manipulation for insect 

management in corn. Environ. A1anag. 4:483-489. 

395 



References 

*Altieri, M.A. 1995. Escaping the trade mill. Cereals· 27(4): 15-23. 

Altieri,.M.A. 1995. Agro economy : the science of sustainable agriculture (22"d 

Edn). West view press. Boulder, Colorado. 443p. 

Andow, D.A. 1997. Ecological Interactions and biological control. West view 

press. , Boulder, Co. 

And ow, D.A.1992. Fate of eggs of first generation Ostrinia nub ina/is 

(Lepidoptera:pyralidae) in three conservation tillage system.Environ. 

entomo/.21: 388-393. 

Annual report.l971-2000. Annual Report of Central Rice Research Institute. 

Cuttack. Orrisa. 

*Anonymous. 1959. Out break of diseases and pests : India, Rice. Quarterly 

report of FAO Plant Protection Committee of the South East Asia and 

Pacific Region 2( 4): I. 

Anonymous. 1979. The Intemational Rice Research Institute, Annual report for 

1978. Int. Rice.Res. Int. Los. Bans, Philippines. 

*Anonymous. 1990. Mid-term review ofF AO inter country program for the 

development and application of integrated pest control in rice in South 

and South-east Asia. Mission Report, Food and Agricultural 

Organization, Rome. 

Arida, G.S. & Shepard, B . .M. 1987. Parasitism and predation of yellow stem 

borer Scirpopphaga incertulus (Walker) and rice leaf folder 

Cnaphalocrosis medina/is Guence (Lepidoptera : Pyra.nllidae) eggs in 

transplanted and direct seeded rice : A paper presented at the 18'h 

Anniversary and Annual convention of pest control council of the 

J>hiJippines, 5-8 May. 1987. Davaco city, Philippines. 

Atwal, A.S. & Dhaliwal, G.S 1999. Pests of cereals and millets. Agricultural 

pests of south Asia and their management. Kalyani Publishers, New 

Delhi. pp 186-190. 

396 



References 

Atwal, A.S. 1993. Agricultural Pests of India and South EastAsia. Kalyani 

Publishers, India. pp. 189-190, 279-280. 

Ayyar, T.V.R. 1938. Hand Book of Economic Entomology for South India. 

Government press, Madras, India. 

Badji, C.A., Guedes, R.N.C., Silva, A.A. & Araujo, R.A. 2004 Impact of 

deltamethrin on arthropods in maize under conventional and no-tillage 

cultivation. Crop Protect. 23(11): 1031-1039 

Bae, S. H. & .M .• D. Pathak.l966. A mirid bug, Cyrtorhinus lividipennis 

Reuter, predator of the eggs and nymphs of the brown planthopper.Jnt. 

Rice Comm. News!. 15(3): 33-36. 

Balasubramaniyam, P. & Morachan, Y .B. 1981. Effect of carbofuran on 

growth and yield components on yield of low land rice. Madras. Agric. 

J. 68 (4).2521-2555. 

Balfour, S.G.E. 1887. The agricultural pests of India and Eastern and Southern 

Asia. Agro-Biological publication. New Delhi, India. 

Bambaradeniya, C.N.B. & Edirisinghe, J.P. 2001. The Ewlogical Role of 

Spiders in the Rice fields of Sri Lanka. Biodiversity 2(4): 3-10. 

Bandong, J.P. 1991. A quadrate insect sampler for direct seeded rice.IRRN 

16(4):22. 

Bandyopadhyay, R.K, Ali, M.H., Brahmachari, K., Debnath, A., Banerjee, 

B.N & Gupta, D.S. 2000. An analysis of farmers' knowledge about 

uses of plant protection chemicals in the cultivation of agronomical 

crops and identification of socio-economic constraints in Dakshin 

Dinajpur district of West Bengal. J. Interacad. 4(2):324-331. 

Banerjee, P.K. & ChatteJjee, P.B. 1982. Pests of hill rice in West Bangal . 

India. Intern. Rice. Res. News!. 7(4):12-14. 

Bane1:jee, S. N. & Pmmanik, L.M. 1967. The lepidopterous stem borers of 

rice and their life cycle in the tropics.ln: Jhe Major Insect of Rice 

Plant. John Hopkins Press, Baltimore. Pp.103-125. 

397 



References 

Banerjee, S.N. & Chatterjee, P.B. 1965. On the alternative host plants and 

hibernation of rice bug. Leptocorysa acuta. Thunberg in North Bengal. 

Sci. Cult. 31:259-260. 

Bardi, G.C. 1995. Effect of planting density, fertility levels and dates of 

planting on duration, input, requirement, grov.th and yield of dry 

season rice. Ph.D thesis. B.C.K.V. WB. India. 

Bardon, A.T. & Litsinger, J. A. 1995. Riceland spiders of South and South

East Asia. CAB International, UK & IRRI, Philippines. pp 672- 700. 

Barrion, A.T. & Litsinge1·, J.A.l984. The spider fauna of Philippine rice 

ecosystem. II. Wetland. Phlipp Ent. 6(1):11-37. 

Basilio,R.P.198l.Insecticide 

eggs.IRRN.6(3): 16. 

sprayed on brown plant hopper 

Baskaran, P., Narayanasamy, P. & Sambasivam, A.l983 .BPH outbreak in 

South Arcot District, Tamil Nadu, India. Intern. Rice Res. News!. 8(4): 

18. 

BCKV.2000. Survey on the insecticide residues in the food stuff.( unpublished). 

Berg, H. 2001. Pesticide use in rice and rice-fish farms in the Mekong Delta, 

Vietnam. Crop Protect. 20 (1 0): 897-905. 

Bhardwaj, D. & Pawar, A.D. 1987. Predators of rice insect pests in 

Chhattishgarh region, Madhya Pradesh, India .Int. Rice Res .New/.12: 

4-35. 

Bhardwaj, D., Kanshik, U. K, Pawar, A.D. & Agrawal, R.K. 1988. 

Relationship between rice gall midge and its parasitoids under tleld 

condition. Oryza. 25: 97-98 

Bhathal, J. S.& Dhaliwal, S.S. 1990. Feeding efficiency of natural enemies of 

white backed plant hopper, Sogatella furcifera (Horvath). Indian 

JEmomol. 52(2):223-225. 

398 



References 

Bhatnagar, A. & Saxena, R.1999. Environmental correlates of population 

buildup of rice insect pests through light trap catches. Oryza. 36(3). 

241-245. 

Bhattachm·yya, S. & Bhattacharya, D.K. 2007. A more realistic approach to 

pest-management problem. Bull. Math. Bioi. 69(4):1277-1310 

Bhavani, B. 2006. Relative efficacy of new insecticide formulations against 

mixed population of plant hoppers and leaf folder in rice.Indian J. 

Plant Prot. 34(2): 206-209 

*Bind, R.B. & Omkar, K. 2000. Sexual dimorphism and sex-ratio in lady 

beetle,Cheilomenes sexmaculata (Fabricicius).Seventh National 

Symphosium on Aphidology.ll-13 March, 2000 at DDU Gorakhpur 

University, Gorakhpur.pp.65-66. 

*Bommarco, R. & Fagan,W.F. 2002 Intluence of crop edges on movement of 

generalist predators: a diffusion approach. Agric. Forest Entomol. 4(1): 

21-30 

Bora, D.K., Blmyan, U., Katti, G. & Pasalu, I. C. 2004. Quantitication of 

insect pest and natural enemy incidence vis a vis yield. Uttar Pradesh 

J. Zoo!. 24(2):187-190. 

Bottrell. D.G., Barbosa, P.& Gould, F. 1998. Manupulating natural enemies 

by plant variety selection and modification: A realistic strategy ? Ann. 

Rev. Entomol. .43: 347-367. 

*Bowden, .J. 1976. Stem-borer ecology and strategy for control. Ann. Appl 

Bioi. 84(1 ): 107-111. 

*Brader, L. 1979. Integrated pest control in the developing world. Ann. Rev. 

Ent. 24: 225-254. 

Brady, R.H. & Kurtz, L.T.1996.The nature and properties of soils.lOtl' Ed. 

Prentice Hall oflndia private Ltd., New Delhi.! OOp. 

Bramble, B.J. 1989. An environmentalist's view of pest management and the 

green revolution. Trop. Pest. Afanage. 35(3): 228-230. 

399 



References 

*Brar, D.S., Sbenhmar, M.S., Mahai,M.S & Sing, R.l994. Egg parasite of 

yellow stern borer Scii]JOphaga incertulus (Walker.) in Punjub . .J insect 

sci. 7(1): 61-63. 

Budharja, K., Rawat. R.R. & Singh, O.P. 1979. Feeding behaviour of 

Dicladispa armigera. Intern. Rice. Res. News!. 4(6): 15-16. 

Bugg, R.L.l993. Habitat Manipulation to enhance the effectiveness of 

aphidophagous hover flies (Diptera: Syrphidae). Sus/. Agric. 5: 12-15. 

*Bull, D. 1982. A Grov.~ng problem: pesticide safety. In Pesticide management 

and insecticide resistance. Eds. Watson and Brown. Academic Press. 

New York. 638p. 

*Carl, K.P.1979. The importance of cultural measures for biological control of 

cereal leaf beetle Oulema melanopus (Col.:Chrysomelidae). 

Mitteilungen der Schweizerischen. Gesellscraft. 52:442. 

*CAST. 2004. Management of pest resistance: Strategies usmg crop 

management. Biotechnology and Pesticides. Council of Agricultural 

Science and Technology.Washington.DC. 

Catling, H.D., Islam, Z. & l'atrasudhi , R. 1987. Assessing yield losses in 

deepwater rice due to yellow stem borer Scilpophaga incertulas 

(Walker) in Bangladesh and Thailand. Crop Prot. 6(1): 20-27. 

Cendana,S.M. & Calora, F'.B.1967. Insect pest of rice in Philippines. Major 

insect pest of rice plant. Johns Hopkins Press, Baltimore, 

lvlaryland.pp.591-616. 

Chal•raborty, T. 1975. Effect of date of transplanting and spacing on yield of 

Aman Paddy. Farm J. 16(9) : 9-11. 

Chambers, R., Pacey, A. & Thrupp, L.A. 1991. Farmer First: Farmer 

Innovation and Agricultural Research. Intem1ediate Technology 

Publications, London, UK. 

Chandarakar, B.L. & Khan, R.A. 1981. Optimum spacing for early, medium 

and late duration tall Indica rice cultivars, Otyza .18: 108-109. 

400 



References 

Chandm, D., Mnkhe1:jee, R. K. & Mittra, B. N.1986.Effect of low light 

intensity on grain yield and protein content of rice grown at different 

levels of nitrogen. Oryza 23: 235-241. 

Chandra, G. 1978. Natural enemies of rice leafhoppers and plant hoppers in 

Philippines. Inter. Rice Res. News/. 3(5): 21. 

Chandmkar, B.L. & Chandrakar, G.l992. Rice weed competition for 

nutrients as influenced by seeding methods and weed control 

treatments. Indian J Weed Sci.(3&4): 30-33. 

Chandramohan,N and Chelliah, S. 1990. Natural enemies of rice yellow stem 

borer Scirpophaga incertulus (Wlk.) and its relation with weather 

elements . . !.Bioi. Contro/.4(2):89-92. 

Chandy, K.C. 1979. Resurgence of brown plant hopper. Tamil Nadu. Agric. 

Univ. News/. 9:3. 

Chang, T.T. 1984. Conservation of rice genetic resources: Luxury or necessity 

? Science 224:251-256. 

Channa Basavanna, G.P., Gubbiah, G., Shivaram Rai, P. & Mahadevappa, 

M.l976.The rice brown planthopper Nilaparvata lugens Stal in 

Karnataka, India. Intern. Rice Res. News!. 1(2): 14 

Chatterjee, P.B., Maitra, A.K. & Sur, S. 1979. Preliminary observation on 

implementations of integrated pest control of rice. Rice in West Bengal 

2: 117-120. 

Chatterjee, S.M., Knlshreshtha, J.P., Rajamani, P. & Prakasa Rao, P.S. 

1976. Insect pests of rice and their control. Pesticide inform. 2: 33-36. 

Chelliah, S. & GunathilingaJ·aj, K.l990.Rice pest management status and 

strategies.rn:national symphosium of Rice in Wet land eco 

system,December 19-21,1990 at Kottayam,Kerala, India. 

Chelliah, S. & Heinrichs, E.A. 1980. Factors affecting insecticide induced 

resurgence of the brown plant hopper Nilaparvata lugens on rice. 

Environ Entomol. 9: 773-777. 

401 



References 

Chelliah, S. & Subramanian. A. 1972-1973. A note ofthe chemieal control 

of the brown plant hopper Nilaparvata luges Stal. of rice Annamalai 

Univ. Agric. Res. J. 4(5). 213-216. 

Chelliah, S. & Heinrichs, E.A. 1980. Factors affecting insecticide induced 

resurgence of the brown plant hopper Nilapan>ata lugens on rice. 

Environ Entomol. 9: 773-777. 

Chelliah, S. 1979. Insecticide application and br0\\'11 plant hopper Nilaparvata 

lugens. (Stal.). resurgence in rice. A Report -JRRI. Los, Bans 

Philippines. 69p. 

*Chen,Wen.Long., Shen,Ke., Li,.Jian. & Zhang, Run.Jie.2005. Seasonal 

trend of light-trap collections of brown planthopper [Nilaparvata 

lugens]. J. Southwest Agric. Univ. 27(3): 285-288, 292 

*Cheshire, .J.JVI. & Griffin, J. 1985. Evidence that mulch density influences 

lesser corn stalk borer damage to no-tillage grain sorghum. Sorghum 

Nev.·sl: 27. 61. 

Chhabra, K.S., Sajjan, S.S. & Singh, J .1976. Light trap catches at the rice 

station at Kapurthala, Punjab, India. The Rice Entomol News!. 4: 38. 

Chiao, H. C. & Hudson, A. C. 1972. Population fluctuations of the European 

Corn Borer, Ostrinia nubilatis, at Waseca, Minnesota, 1940-70. 

Environ Entomol. 1:7-16. 

Choudhary, S. & Sharma, R.G. 1960. Effect of methods and frequency of 

irrigation on the incidence of stem borer of wheat ( Sesamia il'!ferens 

Wlk.) at irrigation research farm, Madhipma. Indian J. ojAgron. 4.264-

268. 

*Chu, Y.I. 1971. Ecology of rice borer in Taiwan. In: Symposium of rice 

insects, Tokyo, 19-24. July 1971. Tropical Agriculture research centre. 

Ministry of Agriculture and Forestry, Tokyo.pp. 155-162. 

402 



References 

*Ciftcioglu, G. & Issa, G. 2006. Effect of pesticide residues in food and 

environment upon public health. Veteriner Fakultesi Dergisi lYtanbul 

32(3) :91-96. 

*Cividanes, F.J. 2002. Effects of tillage systems and intercropping of soybean 

and corn on soil-inhabiting arthropods. Pesquisa Agropecuaria 

Brasileira. 2002. 37(1): 15-23. 

*Cleare, L. D., Jr 1927. The rice moth borer (Distraca saccharalis.F) and 

recommendations for its control. .!. Board Agric. British Guiene 20(3). 

198-199. 

Clement, S.L., Elberson, L.R., Youssef, N. Young, F,L. & Evans, M.A. 

2004. Cereal aphid and natural enemy populations in cereal production 

systems in eastern Washington. J. Kansas })!t. Soc .. 77 (3): 165-173 

*Cohen, M.B., Jackson, M. T., Lu, B.R., Morin, S.R. & Mortimet·, 

A.M.1999. Predicting the environmental impact of transgene 

outcrossing to wild and weedy rices in Asia. Proc. Br. Crop Prot. 

Counc.Symp. Gene Flow Agric.: Relevance for Transgenic Crops, 72"d 

, Univ. Keele, Farnham, Surrey, UK: BCPC. Pp.151-57. 

Cooter, R.J. 1979. Flight capabilities of brown plant hopper IRRN 4(5) :22. 

*Cramer, H. H. 1967. Plant Protection and World Crop Production. Crop 

protection. Advisory Dept. of Farbenfabriken Bayer AG, Leverkusen, 

524p. 

Cremlyn, R.l980.Pesticides: Preparation and mode of action, John Wiley and 

sons. New york.Pp.l40-210 

Croft, B.A. & Brown, A. W. A. 1975. Responses of arthropod natural enemies 

to insecticides. Ann. Rev.Entomol. 20. 285-335. 

*Cruzdela, C. G. & Litsinger, J. A. 1986. (vrtorhinus lividipennis 

(Miridae:Hemiptera) is a potential predator of green leaf hopper and 

brown plant hopper.Int.Rice.Res.Notes.11.25. 

403 



References 

Dahiya, S., Jaiwal, U, P. K, & Singh, R. P.2004. Efficient nitrogen 

assimilation and high productivity in rice (01yza sativa. L) applied with 

organic matrix based slow release nitrogen fertilizers. Physiol. Mol. 

Bioi. Plants. 10 (1):83-92. 

Dalal, R.C., Wang, Wei .. Jin., Mann, S. & Henry, B. 2004. Soil organtc 

matter decline and restoration. Nat!. Res. Manage. 7(2). 2-15. 

Dale, D. 1994. Insect pests of the Rice Plants- Their biology and ecology. In 

Biology and management of rice pests.(ed E.A. Heinrichs) Wiley 

Eastern Ltd, New Age inc. Ltd., pp. 373-375. 

Dalvi, S.T., Mahajan, B.S., Walde, P.K., Shinde, S.V., Sukase, K.A. & 

Kadam, A .S. 2004.Constraints faced by fam1ers in adoption of 

improved cultivation of soybean in Marathwada Region. J. Soil. Crops 

14(1): 55-57. 

Das, K.C., Panda., S.C., Sahu, S.K. & Rout, D. 1985. Eftect of depth of 

submergence at different growth stage of dwarf indica rice on growth, 

yield and nutrient uptake by rice and mineral contents of soil. Oryza 

22:69-83. 

Das, N. M., K. V. Mammen. & Christudas, S, P.1972. Occurrence of 

Nilaparvata lugens (Stal.) (Delphacidae: Homoptera) as a serious pest 

of paddy in Kerala. Agric. Res. J. Kerala. 10(2): 191-192. 

Das, N.M. & Thomas, IVI.J. 1977. Effect of water level in rice fields on the 

population build up of the brown planthopper, Nilaparvata Iugens and 

on the incidence ofhopperburn. Agric. Res. J. Kerela 15: 104-105. 

Dash, A. N. & Mukherjee, S. K. 2003. Insecticidal control of major insect 

pests of rice. Pest Manage. Econ. Zoo!. 11(2): 147-151. 

Dash, A.N., Sontakke, B.K., Rath, L.K. & Mishra, P.R. 2001 Effect of 

nursery applied granular insecticides against early stage insect pests of 

transplanted rice. Ann. Plant Prot. Sci. 9(2). 308-310. 

404 



References 

David, B.V. 1992. Pesticide industry in India.In:B.V.David(ed).Pest 

Management and Practices:lndian scenario. Namrutha Publication, 

Madras. Pp.276-325. 

*David, B. V. & Murthy, K.S.R. 1993. Changing scenario of pesticide usages 

in India. [n: H.C .Sharma and M.Veerabhadra Rao (eds). Pests and Pest 

Management in India-The changing Scenario. Plant Protection 

Association Of lndia,Hyderabad,India, pp.259-262. 

De Dutta, S.K. 1981. Principles and practices of Rice production. John Wiley. 

New York, USA 

*Degallier,N., Dominique, Charles. & Gerard, P. H.2004. Study by light

trap of the seasonal abundance of the forest insects in French Guyana. 

Bulletin de Ia Societe Entomologique de l'hmce.109(5): 473-484. 

Dennis, P. & Fly, G.L.A.1992. Field margins: Can they enhance natural enemy 

population densities and general arthropod diversity on farms? 

Agriculture, Eco- sys. Environ. 40:95-115. 

Dent., D.1991. Insect pest management. CAB international. Wallingford. UK. 

Deol, D.S. 1964. Effect of nitrogen and irrigation on the incidence of some 

sugarcane pests. In: Proc. 5th All Indian Conference of Sugarcane 

Research and Development Workers. Coimbatore, India. pp. 302-305. 

editor press 

Deshmuldt, P.D., Srivastava, S.K, Pophaly, D.J., Shukla, B.C., Koushil•, 

U.K., ]>aJidar, G.L. & Gangrade. G.A. 1990. Varietal reaction on 

different levels of infestations of paddy gall midge, Orselolia 01yzae in 

Madhya Pradesh, Indian J. Ent. 51(4): 447-480. 

Devi, D.A. & Devi L.R. 1997. Out break of gall midge, Oeseolia oryzae in 

Kuttanad, Kerala, Insect Environ. 3(2):28. 

Dhal, P. & Mishra, G. 1994. Interaction of spacing and nitrogen in rice. 

Ol)'Zll. 31:149-150. 

405 



References 

Dhaliwal, G.S. & Arora, R. 1996. An estimate of yield losses due to insect 

pests in Indian Agriculture. Indian. J. Ecol. 23: 70-73. 

Dhaliwal, G.S., Shahi, H.N., Gill, P.S., & Maskina, M.S.1980. Effect of 

different levels of nitrogen and varieties on the incidence of hispa and 

left folder in rice. Pestology 4(4): 14-16. 

Dhaliwnl,G.S & Amra, R.1998. Principles of insect pest management. 2"d 

eds.Pp.l80-27l.press 

Dhan, .). Liang., C.Y. & Huang, Y.W. 1995. Studies on Physiological 

characteristics during grain filling in hybrid rice. Plant Physio. Commu. 

31(2): 91-95. 

Diluhit, I'.R. & Motiramaui, D. 1'.1982. Uptake of nitrogen and phosphorus 

by rice. Th'KVV Res . .!. 16.279-281. 

*Dimitrov,-1. 2003. Decomposition and transformation of plant residues in to 

organic matter in dependence of soil tillage. Bulgarian .!. Ecol. Sci. 

2(3/4): 93-95. 

Directorate of agriculture.2001. Evaluation wing, Govt. of'\,Vest Bengal. 

*Dissmond, A. & IIindorl~ H. 1990. Influence of sorghum/maize/cowpea 

intercropping on the pest, disease and weed situation at Jlv1bita!Kenya. 

Proc. Integrated Pest Management in Tropical and Subtropical 

Cropping Systems. 3 Frankfiut, Germany, pp. 843-851. 

District Agricultural Hand Book year: 2004-2005. Uttar Dinajpur, West 

Bengal. 

District Annual Plan On Agriculture. 2005. Uttar Dinajpur,West Bengal. 

Diwakar, M.C. 2000. J]>fvt a complete code for crop health. Plant Protec. Bull. 

(Faridabad). 52(1-2): 10-11. 

*.Doutt, RL.\961. The hymenopterous egg parasites of same Japanese 

leafhoppers. Acta Hymenopterologica .1(3): 305-314. 

406 



References 

*Doyle, C., McRoberts, N. Kirkwood, R. Marshall, G., Shiyomi,M. (ed.). & 

Koizumi,H. 2001 Ec.ological management of crop-weed interactions. 

In: Stmcture and function in agroecosystem design and management. 

pp.61-94. 

Dresher, E. 1955. The present status of Economic Entomology in Indonesia, 

FAO. Plant Bull. 4: 49-55. 

*Duerden, J.C 1953. Stem borers of cereal crops ofKongwa. Tangayika, 1950-

52. EastAfricanAgri . . !.19: 105-119 

*Duffey, S.S.& Islam, M.B 1981. Inhibition of insect larval grmvth by 

phenolics in grandular trichomes of tomato leaves. Experientia. 37: 

574-576. 

Dushoff, J.,Caldwell, B. & Mohler, C.L.1994. Evaluating the environmental 

effect of pesticides: A critique of environmental impact quotient. 

Am.Ent . 40(3): 180-184. 

*Dyck, V. A. & Thomas, B. 1979. The brown plant hopper problem. In: 

Brown plant hopper- threat to rice production in Asia, Los Banos, 

Philippines. pp. 389. 

Eastern India Rain fed low land shuttle breeding programme.2002. Annual 

progress report, 2002, RRI, Chinsurah, West Bengal 

*Ekboir, .J., Boa, K., Dankyi, A.A., Garcia,T.L (ed.)., Benites, J. (ed.) & 

Martinez,V. 2001. The impact of no-tillage in Ghana.Conservation

agriculture, a worldwide challenge. First World Congress on 

conservation agriculture, 1-5 October, 2001, Madrid, Spain, Vol.2. pp. 

757-764. 

Ekman, S. 2000.Tillage system selection: a mathematical programming model 

incorporating weather variability. J. Agric . .t.. .. ng. Res. 77(3) : 267-276. 

Englested. 0. P. & Russel, D. A. 1975. Fertilizers for use under tropical 

condition Adl'. Agron. 27: 175-208. 

407 



References 

Entomological Department. 1979. An inexpensive kerosene light trap to 

monitor rice insects. IIUtN.4(2).I7. 

Epperlein, J., Garcia, T. L. (ed.), Benites,J. (ed.), M.artinez, V. A. 2001. 

Development of the biological activity in different tillage systems. 

Conservation agriculture, a worldwide challenge. First World Congress 

on conservation agriculture, Madrid, Spain, -I-S-October. Vo1.2.477-

483. 

Evaristo,:F.N. 2000. Notes on the occurrence of the stem-borer Sesamia cretica 

Led. in Portugal (Lepidoptera, Noctuidae). Agronomia Lusilana 48(3-

4): 89-106. 

*Eveleens, K.G. 2000. The F AO/EU cotton IPM programme in Asia: problems 

and prospects. The-BCPC-Conference Pests and diseases, Volume I. 

Proceedings of an international conference held at the Brighton Hilton 

Metropole Hotel Brighton UK, 13-16 November 2000. I85-192. 

Ezuell, M. I. & Amusan, L.O.l988. Cowpea insect damage as iniluenced by 

the presence of weeds: Agric. Ecosys. Env. 21: 255-263. 

Fagan, W. F., Lewis, M. A., Neubert, M. G.& Driessche van den, 1'. 

2002Jnvasion theory and biological control. Ecol. Letters. 5(1 ): 148-

I57. 

Falel"io, J.R. & Patil, K.D. 1991. Evaluation of an insecticide schedule on 

insect of rice at ditlerent levels of nitrogen. Indian J. Ent. 53(2):226-

231. 

*FAO. (Food and Agricultural organization): County briefs, programme 

Advisory committee. (PAC) Meeting, FAO Inter country progran1me 

for IPM in Asia, Febmary, 06-09. I 996. Hyderabad, India, I 996. 

FAO. 2004. Species description Oryzas SativaL. (http//www.fao.org/ag/ AGP/ 

AGPC/doc/ GBASE/ date/ pfD00274.htm.) 

408 



References 

Famgalla, A. A. & AI Ghamdi, K. M. 2001. A study on relative abundance of 

the wolf spiders (Araneae: Lycosidae) in Western Saudi Arabia. Arch. 

Phytopathol. Plant Prot. 34(2): 123-132. 

Fei,ien,H.R. 1981.Egg parasitoids of rice pests in Malwai, East Africa.6(3):17 

*Feng, C. H., Zhai, B. P., Zhang, X. X., Feng, C. H., Zhai, B. P. & Zhang,X. 

X.200l.Re-emigration capacity of the brown planthopper, Nilaparvata 

lugens. Chinese J. Rice Sci.l5(2): 125-130. 

Feng,Chuan.Hong., Zhai,Bao.Ping., Zhang,Xiao.Xi., Feng,C.H., Zhai,B.P. 

& Zhang,X.X. 200l.Re-emigration capacity of the brown planthopper, 

Nilaparvata lugens. Chinese J. Rice Sci.15(2): 125-130. 

Fisher,R.A. & Yates,F.l963. Statistical table for biological agricultural and 

medical research. Longman Group Limited, Essex, England. 

*Fleischer S.J., Blom, P.E. & Weisz, R. 1999. Sampling in precision IPM: 

when the objective is a map. Sampling for decision making in crop loss 

assessment and pest management. Phytopathology 89 (11): 1112-1118. 

*Florez, D.E. 2000 Spider communities from de Pacific region of the Valle del 

Cauca department, Colombia. Revista Colombiana de Entomologia. 

26(3-4):77-81. 

*Fuduka, K. 1934. Studies on the rice brmvn plant hopper [in Japanese]. Bull. 

Agric. Div., Central Research Institute, Government of Formosa 99: 1-

20. 

*Gamlin, J., Diaz Romo, P. & Hesketh, T. 2007. Exposure of young children 

working on Mexican tobacco plantations to organophosphorous and 

carbamic pesticides, indicated by cholinesterase depression. Child Car, 

Health Dev. 33(3):246-248. 

Ganguli, Jayalaxmi., Ganguli,R.N., Kaushik,U.K & Ganguli,J.2001 Effect 

of date of sowing on infestation by yellow stem borer, Scirpophaga 

incertulas (Wlk.) in rice in Chhattisgarh. Agric. Sci. Digest. 21(1). 34-

36 

409 



References 

Garg, A.K. & Sethi, G.R.l980.Sucession of insect pests in kharif Paddy. 

Indian .J. Ent. 42(3):482-487. 

Garg, D.K. & Tandon, J.l). 1982. Major insect pests of rice in hilly tracts of 

Uttar Pradesh. India. Intern. Rice Res. Ne·wsl. 7(1): 11-12. 

*Gazzoni, D.L. 1994. Manejo de pragas da soja: Uma A.bordagem Historic-a. 

Brasilia. Brazil. El\-fBRAP A CNP So. Doc. 78. pp 72. 
\ 

Geetha,N and Gopaian,l\1.2001. Prey preference of the predatory mirid bug, 

Cyrtorhinus lividipennis Reuter (Hemiptera: Miriadae) between the 

eggs of nymphs of rice brown plant hopper, Nilaparvata lugens 

(Hemiptera: Delphacidae). J Appl. Zool. Res. 12(1): 31- 35. 

Geier, I,.'W. & Clerk, L.R. 1961. An ecological approach to pest control. Proc. 

Tech. lvfeeting. Intern. Union. Conserv. Nat. Res. gth july,1960. 

Warsaw. H.pp 471-490. 

Geier, :P.\V. 1966. Management of insect pests. Ann. Rev. Entomol. 11:471-

490. 

*Georghiou, G.P. & Legunes, J. A. 1991. The Occurrence of Resistance to 

pesticides in arthropods. Food and agriculture organization of the 

United Nations, Rome.4: 9-12. 

Ghosh, A. & Sarkar, P.A.l975. Nitrogen, variety and spacing affects on light 

transmission ratio and weed intensity in transplanted rice. Proceedings 

of the 5th Asian Pacific Weed Science Society Conference, Tokyo, 

Japan. 

Ghosh, A. 1980. Observation on a "blue form"of green leaf hopper. 

lnt.Rice.Res.Notes. 5(6): 15. 

Ghosh, R.N. 1962. A. role on the incidence of stem borer (Schoenobius 

incertulus Wlk.) on boro paddy under nitrogen fertilizers. Curr. Sci. 

31: 21-24. 

Ghosh, D.C. 1984. Response of rice to rate and time of potassium application 

in lateritic acid soils of West Bengal. Indian Potash. .!. 9:26-32. 

410 



References 

*Ghosh, M . 2000. Performance of scented rice cultivars as influenced by date 

of planting and nutrient management. Ph.D thesis. Bidhan Chandra 

Krishi Viswavidhyalaya, Mohanpur. Nadia, W.B. India. 

*Ghosh, D., Debnath, N. & Chakraborty, S.1986.Development of three 

species of Oenopia (Coleoptera:Coccinellidae) predaceous on 

aphids of Garhwal Himalaya, III Oriental Entomology symphosium, 

Feb.l984. Trivandwm proceedings, March 1986 .173-176. 

*Giri, S. & Pati, B.R. 2004.A comparative study on phyllosphere nitrogen 

fixation by newly isolated Cotynebac:terium sp. & Flavobacterium sp. 

and their potentialities as biofertilizer. Acta lvficrobiologica et 

lmmunologica Hungaric:a. 51(1/2):47-56 

Glanz, M. H. 1996. Currents of change: EL Nino's impact on climate and 

society. Canbridge University Press.Canbridge. UK.125p. 

Gomez,K.A. & Gomez,A.A.1984.Statistical procedures for agricultural 

research,John Wiley and Sons. Singapore. 

Greene, A. & Breisch, N.L. 2002. Measuring integrated pest management 

programs for public buildings .. /. Econ. Ent .. 2002, 95(1):1-13. 

Grist, D.H. & Lever, R.J.A.W. 1969. Pyralid stem borers. Pest of Rice. 

Longmans, Green and Co., London. 

Grist, D.H. 1965. Rice. 4th Edition. Longrans, London. 

*Gubbaiah, P., Revana H.P. & Imtiaz, S.M.1987. Studies on the egg 

parasitism of rice yellow stem borer in Visvesvarya Canal tract. Current 

Research Univ Agric Sci, Bangalore. 16(12): 167- 168. 

Gubbaiah, P & Revanna, H.P. 1996. Unusual occurrence of rice gall midge. 

Orseolia oryzae (Wood. Mason) in Visveswaraya Canal Track. Madhya 

Karnataka .Insect Environ. 2(3): 82. 

Gulati,A. & Sharma, P.K.1990. Prices, procurement and production: An 

analysis of wheat and rice. Political weekly 25(13):A36-47. 

411 



References 

Gnnathilagaraj, K. & Kumar·, M.G. 1997. Rice pest Complex: An appraisal. 

Afadras Agric . ./. 84(5):249-262. 

Gunathilingaraj, K. 1999. Rice plant hoppers. Prakash A, Rao J (eds.) Applied 

Entomology. Vol 1. Insect pests of cereals and their managt•ment. Appl. 

Zoo!. Res. Ass .. Cuttack. Pp. 31-38 

Gunnarsson, B. 2007. Bird predation on spiders: ecological mechanisms and 

evolutionary consequences. Journal cif Arachnology. 35(3) : 509-529. 

Gupta, M. Chaugule R A, Pawar A.D.l985. Role of Tetrasfichus schoenibii 

Ferriere in controlling yellow rice borer, Scilpophaga incertulus Wlk. 

Plant Prot. Bull. India .37(2): 7- 12. 

Gupta, M.G., Singh. A.K, Hameed, S.F. & Mahto, D,N. 1985. Seasonal 

prevalence of green leafhopper on rice in nmth Bihar Oryza 26: 411-

413. 

*Hao,S.G., Cheng,X.N., Zhang,X.X., Hao,S.G., Cheng,X.N. & Zhang,X.X. 

2000. Simulation on developmental and survival rate of brown 

planthopper nymphs. Chinese J. Rice Sci. 14(3): 157-160. 

Harada, T. & Hayashi, R.1968.Studies on the organic nitrogen becoming 

decomposable through the efiect of drying a soil. Soil Sci. Plant Nutr. 

14:13-19. 

Harris, K.M. 1962. Lepidopterous stem borer of Cereals Ill Nigeria. Bull. 

£ntomol. Res. 53: 139-71. 

*Havens, A.E. & Flynn, W. 1973. Green Revolution technology and 

community development: The limits of action programs. LTC No 96. 

The Land Tenure Centre. University of Wisconsin. Madison. 

Wisconsin,pp. 28. 

*Haverskort, B., Van der Kamp, Johan, W. & Bayers. A. (eds).1991. 

Joining farmers' experiments-experiences in participatory technology 

development. Intermediate Technology Publications. London, UK. 

412 



References 

Heidger, C. & Nentwing, W. 1989. Augmentation of beneficial Arthropods by 

strip management: Artificial introduction of spider species with preys 

on wheat pest insects. Entomophaga. 34( 4): 511-522. 

Heinrichs .E.A. & Mochida. 0. 1984. From secondary to Major pest status: 

the case of insecticide-induced rice brown plant hopper. Nilaparvata 

lugens, resurgence. Prot. Ecol. 7.201-218. 

Heinrichs, E.A. (Ed). 1994. Biology and management of rice insects. Willey 

Eastern Ltd. London. 779. 

*Heinrichs, E.A. Dycl•, V.A Saxena , R.C. & Litsinger, .T.A. 1981. 

Development of rice insect pest management systems for the tropics 

and Forest trees. Vol (II). Los Banos, Philippines. Int. Rice Res. Inst. 

Heinrichs, E.A., Medrano, F.G. & Rapusas, H.R..l985. Genetic Evaluation 

for Insect Resistant in Rice. Los Banos, Philippines. Int. Rice Res. Inst. 

356. 

*Henn, T. Weinziet·l. R., Gray, M. & Steffey, K. 199l.Alternatives in insect 

management: field and Forage crops, Circular 1307, University of 

Illinois, Urbana, Champaign. 

*Heong, K.L., Aquino, G.B. & Barrion, A.T. 1991. Arthropod community 

structures of rice ecosystems in the Philippines. Bull. Entomol. Res. 81: 

407-16. 

Heong, K.L. & Schoenly, K.G. 1998. Impact of insecticides on herbivore

natural enemy communities in tropical rice ecosystems. In Ecotoxicol. 

Pestic. Bene,[. Org. (edts) PT Haskell, P Me Ewen. Kluwer, Dordrecht, 

Netherlands, 3 81-403. 

Heoug, K.L. Aquino, G.B. & Barriou, A.T. 1991. Arthropod community 

structures of rice ecosystem in Philippines. Bull. Entomol. Res. 81: 407-

416. 

*Herd, R. W. 1991. Research priorities of rice bio technology. In: Rice Bio 

technology (edts by G.S.Khash and G.H. Toenniesen) Common Wealth 

413 



References 

Agricultural Bereau. International Wallingford. U.K. and IRRI. Los 

Banos Philippines.pp.19-52 

Herzog, D.C. & :Funderburl•, J.E.1985: Plant resistance and cultural practice 

interactions with biological control.In "Biological control in 

agricultural IPM system "(M.A.Hoy and D.C Herzog. Eds.).pp 67-

88.Academic press. Orlando,FL. 

*Hidaka, T. 1974. Recent studies on the rice gall midge. Orseolia oryzae. 

Wood-mason (cecidomylidae: Diptera) Rev. Plant. Prot. Res .7: 99-

147. 

Hidaka, T., Nugaliyadde, L. & Samanmalie, L.G.I. 2000.lntegrated rice pest 

management in Sri Lanka Agrochem. Japan. 77. 21-29. 

Hidaka, T., Patioatmodjo, S. & Sunatjo, E. 1980. Studies on the incidence 

of the rice gall midge in Indonesia Jap. J. Trop. Agric. 24(3): 132-136. 

Hilrim, l.S. 1979. Egg parasites of yellow stem borer in West Bengal. IRRN. 

4(5): 19. 

Hill, D.S. 1983. Agricultural insect pests of the tropics and their control. 2"d 

Edition. Cambridge Univ. Press. Cambridge. U.K. 746p. 

Hinckley, A. D. 1963. Ecology and control of rice plant hoppers in Fiji. Bull. 

Entomol. Res. 54: 465-472. 

Hirano, C. 1971. Host selection m phytophagous insects. K yoritse Pub!. 

Co. Tokyo, 202p. 

*Ho,D.T.1983. Stem borer population m vanous ecosystem m Kenya. 

IIRN.8(5): 18. 

*Ho, H.S. & Liu, T.H.I969. Ecological investigation on brown plant hopper in 

Taichung district [in Chinese, English summary]. Plant Prot. Bull. 

(Taiwan) 11(1):33-42. 

*Ho, N.K. 1996. Introducing integrated weed management in Malaysia. In 

Herbicides in Asian Rice: Transitions in weed management, R. Naylor. 

(ed) 167-182. Stamford. CA: Stanford Univ. Los Banos, Phillipp. m.RI. 

414 



References 

Holmes, N.D.1982. Population dynamics of the wheet stem sawfly , Cephaus 

cinctus (Hymenoptera:Cephidae).Can. Entomo/.114. 775-778. 

Horn,D .. J. 1988. Ecological approach of pest management. Guildford 

press.New York. 

Hu. R., Cheng, J., Dong. S. & Sun, Y. 1997. The role of women in rice pest 

management in Zhejiang, China, In: Pest Management Practices of 

Rice Farmers in Asia. (edts). K.L. Heong & M.M. Escalada, Manila, 

IRRI. 245. pp.63-73. 

*Huang, Y.X., Cing, Y.M., Sun, Y. & Qiu,S.B. 1996. The investigation on 

rice gall midges distribution and damage in Yuxi district. In: Progress 

of research on plant protection in china. Proc. 3'd National Corf 

Integrated Pest Management. Beijing, China, 12-15tl' November, 

pp.366-369. 

Hussain, S., Bora, D.K, & Thakur A.C. 1996. Seasonal incidence of gall 

midge Orseolia myzae (wood-mason) in rice. In: Proc. Problems and 

prospects of Agriculture Research and Development in North-East 

India. AAU. Jorhat. India. 27 28. Nov. 1995. pp.310-3!2. 

Hussain, S.M. & Sharma, U.C 1991. Response of rice to nitrogen fertilizer in 

acidic soils ofNagaland. Indian .. !. Agric. Sci. 61(9):662-664. 

Interim Survey Report, Shuttle B1·eeding Programme. 2001. Dept. of 

Agriculture, Govt. of West Bengal. (unpublished). 

IJ>MWG. 1994. The integrated pest management working group.IP,\-f. 

Working. Dev. 3: 3-4. 

IRRI.!963. Annual report for 1962 .International Rice Research Institute, Los 

Banos, Philippines. 

IRRI.l998. Annual report for 1997.International Rice Research Institute,Los 

Banos, Philippines. 

Ishaque, N.M.M .& Rahaman, A. 1983: Seasonal abundance of rice stem 

borer, Tr;,poryza incertulus (\V1k.) in Assam. Pestisides. 17(1): 25-27. 

415 



References 

*Ishihara, T.l973.Food-chain toxicity of granular formulations of insecticides 

to a predators, Lucosa pseudoannulata,of Nephotettix cincticeps .Botyu 

Kzagaku. 38: 69-75. 

*Ishii, S.N. & Hirano, C. 1959. Effect of fertilizer on the growth of the rice 

stem borer Chilo suppressalis Walker. n Growth of the larvae on rice 

plants cultured in nutrient solutions of different nitrogen levels. Jpn. J. 

Appl. Ei1tomol. Zoo/.3: 16-22. 

Isbikura, H. 1967. Assessment of rice Joss caused by rice stem borers. In The 

Major Insect Pests of the Rice Plant. Johns Hopkins Press, 

Baltimore.pp. 251-264 

Islam, M.J., Parul, S,S. Patbau, A.B.M.B.U., Quasem, M.A. & Islam,M.S. 

2004 Influence of cracking on rice seasons and irrigation. Bangladesh. 

.!. Bioi. Sci. 4(1): 11-14. 

Islam, N., Kamal, A.M.A., & Islam, M.R. 1990. Effect of cultivar and time of 

N application on grain yield and grain protein content of rice. 

Bangladesh Rice J. 1: 11-16. 

Islam, Z.1996. Yellow stem borer: a threat to boro rice in the coastal belt of 

Bangladesh. Bangladesh J. Entomol. 6(1-2). 45-52 

Israel,]>, & Vedamoorthy, G. 1963. Influence of fertilizers on the incidence 

of the yellow stem borer of rice, TrypOIJiza incertulas Wlk, Pan I, 

01yza 1(2):112-118. 

Israel, P. & Abraham, T. P. 1967. Techniques for assessing crop losses 

caused by rice stem borers in tropical areas. In: The Major Insect Pests 

of Rice Plant. Johns Hopkins Press, Baltimore. Pp.265-275 

Israel, P. & J>admanabhan, S. Y.1976. Biological control of rice in India, 

Final Tet:hnical Report, USPL 480.CRRI,Cuttack.pp155. 

Israel, P. & Prakasa Rao, P.S. 1968. Influence of gall midge incidence in rice 

on ti!lening and yield. Int. Rice. Comm .. News./. 3: 24-31. 

416 



References 

*Israel, P. & Rao. Y.S. 1961. Incidences of gundhi bug and steps for control. 

Proc. Rice. Res. Works. Mtg, CRRI, Cuttack. pp. 297-299. 

*Israel, P. 1959. Latest and effective methods for controlling insect pests of 

rit:e- Proc. Indian. A cad. Sci. 49: 366-368. 

*Israel, P. & Prakasa Rao, P.S. 1968. Influence of galt midge incidence in 

rice on tillening and yield. Int. Rice. Comm .. News!. 3: 24-31. 

*Ives, P. M.1981. Estimation of coccinellid numbers and movements in the 

tield.The Can. Entomo/.113.981-997. 

Izumi, Y., Uchida, K. & Iijima, M. 2004. Crop production in success1ve 

wheat-soybean rotation with no-tillage practice in relation to the root 

system. Plant.Prot. Sci. 7(3): 329-336. 

*,Jac!Gon, M.L.1967 .Soil chemical analysis. Asia Publishing House, New 

Delhi, India. 

Jacob, S. 1999. Influence of dates of sowing on the rice gall midge in Kerala. 

Insect. Environ. 5(2): 74-75. 

*Jahromi F., Cother, E. & Ash, G. 2001. Weed control in rice crops: 

Suitability of Rhynchosporium alismatis as a myco herbicide for 

integrated management of Damasonium virus in rice field . RIRDC 

Publication No 01/39 , Rural Industries and Development Corporation, 

Canberra. 

Jana, H., Verma, H.K. & Jana, H. 2002. Study on category-wise farmers' 

knowledge on plant protection practices recommended tor paddy 

cultivation in West Bengal. Environ. Ecol. 20(1) : 52-55. 

J ana, H., Ver·ma, H.K. & J ana,H. 2002 Study on category-wise farmers' 

knowledge on plant protection practices recommended for paddy 

cultivation in West Bengal. Environ. Ecol. 20(1): 52-55. 

Jaym·aj, S., Uthamasamy, S., Sundar·ababu, P.C. & Dhandarpaui, N. 1990. 

Status of Heliothis on cotton and strategies tor its management. 30-31 

August. Directorate of Pulses Research, Kanpur, India. pp.l41- l 60. 

417 



References 

Jayaraj, S. 1987. Resurgence of sucking pests. Tamil Nam Agricultural 

University, Coimbarote, India. 

Jhansilakshmi,V., Krishnaiah,K., Lingaiah,T.& Pasaln, I.C.2000.Rice 

leafhopper and planthopper honeydew as asource of host searching 

kairo mones for mired bug predator,C:yrtorhinus lividipennis 

(Reuter)(Hemiptera:Miridae).JBio/.Contro/. 14(2): 7-13. 

*Jiang, M.X. & Cheng, J.A. 2003. InteraLtions between the striped stem borer 

Chilo suppres.salis (Walk.) (Lep., J>yralida~) larvae and rice plants in 

response to nitrogen fertilization. Anzeiger fur Schadlingslamde 

76(5):124-128. 

*Jiggins, J. 1996. Women and the re-making of civil society. For. Trees 

People News/. 30: 18-22 

.Joshi, R. & Venugopala, M.S. 1984. A preliminary note on different gall types 

caused by rice gall midge, Orseolia myzae (Wood- mason) .. /. Agric. 

Kerala. 22 (2) : 198-199. 

Joy,P.P.1991.Weed control m wet seeded rice in keral~ India. 

Int.Rice.Res.Notes. 16 (6):25. 

Kabir, A. & Kbush, G.S. 1988. Genetic analysis of resistance to brown 

planthopper in rice (Oryza sativa L.). Plant Breeding. 100: 54-58. 

*Kabir, M.E. Kabir, M.R., .Jahau, M.S. & Das, G.G. 2004. Yield 

performance of three aromatic fine rices in a wasta! medium high land. 

AsianJoumalofPlantSci. 3(5): 561-563. 

Kadirgamathaiyah, S. & Macltenzie, A.F. 1970. A study of soil nitrogen 

organic fractions and correlation with yield response of Sudan

Sorghum hybrid grass on Quebec soils. Plant Soil .33:120-1928. 

Ka1ode, .M. B. 1976. Brown planthopper in rice and its control. Indian :Farming 

27(5):3-5. 

418 



References 

Kalode, M.B. & Bentur, J.S. 1989. Characterization ofindian rice gall midge, 

Orseolia oryzae_ Wood-Mason. (Cecidomylidae:Diptera). Insect Sci. 

Applic. 10: 219-224. 

Kalode, M.B. & Viswanathan, P.R. 1976. Changes in relative pest status in 

insect pests in rice . .1. Pl. Prot. 4 : 79-91. 

*Kalshoven, L.G.E. 1981. The pests of crops in Indonesia, (translated by P.A. 

Vanderlaan). P.T Ichtiar Baru-van, Roever, Jakarta, Indonesia, 701p. 

Kamal, N.Q. Odud, A. & Begum, A. 1990. The spider found in and around 

the Bangladesh Rice Research Institute farm and their role as predators 

of rice insect pests. Phillip. Ei1tomol. 8(2): 771-777. 

Kandibane, M:. 2008. Arthopod diversity in awed ecosystem maintained 

around a rice field. Asian .f. bio Sci. 3(2).253-259_ 

*Kapm·, A.P. 1984. Morphological characteristics used m identification of 

stem borers. The major insect pests of rice plant. [nt. Rice. Res .lnst., 

Los Banos, Philippines.4-7. 

*Karimuna, L. 2004. Assessment ofland suitability for sustainable agriculture 

production in SE Sulawesi, Indonesia. .1. Agric. Rural Dev. Trap. 

Subtrop. Vol.2: 160-167. 

Katanyukul, W., Kadkao, S., Boonkerd, S. & Chandaraprapa, P .1980. 

Rice gall midge out breaks in Thailand. Inti. Rice. Res. News/. 5(2): 13-

14. 

Katarki, ll.V. & .Bhagawat, G.P. 1960. A note on the control of the paddy 

gall fly.lvfysore. J. Agric. 35 :158-160. 

Kathpal, T.S. & Kumari, B. 2000. Pesticide contamination of non-fatty food 

commodities. In: G.S. Dhaliwal and B. Sing (eds). Pesticides and 

Environment. Commonwealth Publishers, New Delhi, India, pp. 191-

216. 

Kaur, S., Maninder, S., Brar, K.S., Kam·, S. &. Shenhmar, M:. 2001. Spider 

fauna of paddy in Punjab. Insect Environ.7 (1):24-25. 

419 

' 



References 

*Kenmore P.E: 1987. Crop loss assessment in a .practical integrated pest 

control program for tropical Asian rice. .In Crop loss Assessment and 

pest management, (ed) P.S Teng.& St paul. M.N. Am. Phytopathol. 

Soc.pp. 225-241. 

Kenmore, I'.E. 1996. Integrated pest management in rice. In Biotechnology 

and Integrated Pe~i Management. Wallingford, UK: CAB Int. (ed) GJ. 

Persley. 4: 96-97. 

Kenmore, P.E. Heong, K.L. & Putter, C.A. 1985. Political, Social and 

perceptual aspects of integrated pest management programmers In 

Integrated Pest Management in Malaysia. Ed B.S. Lee. WH. Leoke & 

K,L. Heong. iVfyasian Plant. Proc. Soc. Kuala Lumpur. 335. 47-66. 

Kenmore, P.E., Carino., F.O., Perez, C.A., Dye!<, V.A. & Gutierrez, A.P. 

1984. Population regulation on the rice brown plant hopper 

(Nilapan•aia lugens. Stal.) within rice fields in Philippines. J. Plant. 

Prot. Trap. 1(1):19-37. 

Kfir, R. Bell. 1993. Intraseasonal changes in populations of the African Maize 

stem borer, Busseola fusca (Fuller) (Lepidoptera: Noctuidae) in Natal. 

South Africa, J. Aft". Zoo!. I 07: 543-53. 

Khan, Z. R., Litsinger, J. A., Barrion, A. T. Villanueva, F. F. D., 

Fernandez, N.J. & Taylo, L. D. 199l.World Bibliography of Rice 

Stem Borers. Pub!. the International Rice Research Institute, 

Philippines. 415p. 

Khandalkar, H.G., Dandale, H.G., Men, U.B., Chowdhnri, D.T. & Tandale, 

M.B. 1996. Economic threshold level of rice gall midge. Orseolia 

01yzae (Wood-Mason) in Estern Vidarbha zone. PKV Res. J. 20(2): 

159-160. 

Khilael, M. lida, M. & Umeda, M. 2004. Metering device for variable rate 

granular fertilizer applicator - metering device power requirement and 

torque . .! .lap. Soc. Agri. Machim. 66(2). 123-129 

420 



References 

*Kidd, N.A.C & Jervis, M.A. 1996. Population Dynamics In: Insect Natural 

Enemies: Practical Approaches to their Study of Evaluation".( M.Jervis 

and N.Kidds ,Eds). Chapman and Hall ,London. pp 293-3 74. 

*Kim, K.U. 1990. Progress ofweed control methods and their prospects in 

Korea. [n:Proceedings of the 81
h sisters hip Meeting of Korea, Japan and 

Republic of China's agrochemical Association, held in Seol, Korea. 

19L" October, 1990, pp. 1-30. 

*Kiritani, K. 1971. Discussion. In: Symposium on rice insects, Toh.-yo, 19-24 

July, 1971. Tropical Agriculture Research Centre. Ministry of 

Agriculture and Forestry, Tokyo. pp.318-319. 

*Kil'itani, K. 1972. Strategy in integrated control of rice pests. Rev. Plant Prot. 

Res. 5:76-104. 

Kiritani, L. & Kawahara, S. 1973. Food-Chain toxicity of granular 

formulations of insecticides to a predator. Lycosa Pseudoannulata of 

Nephoteliix cincticeps. Botyu Kagaku 38: 69-75. 

Kishi, M., Hh·schhom, N., Djaydisastra, M:., Satterlee, L.N., Strowman, S. 

& Dilts, R. 1995. Relationship of pesticide spraying to signs and 

symptoms in Indonesian _farm. Em·iron. Health. 21. 124-33 

*Kisimoto, R.1977. Bionomics, forecasting of out breaks and injury caused by 

the rice brown plant hopper. Seminar proceedings, Taipei, Taiwan. 

Food and Fertilizer Technology Ceptre for the Asian and pacitic region. 

6 & 2. 27-40. 

Kittur, S.U & Agrawal, R.K. 1983. Gall midge damage at rice panicle stage. 

Int. Rice Res. News!. 8(5) : 19. 

Knight, A.J. & Warland, R. 2005. Determinants of food safety risks: a multi

disciplinary approach. Rural Social. 70(2): 253-275. 

*Knutson, R.D., Taylor, C.R., Penson, J.B. & Smith, E.C. 1990. Economic 

impact of reduced chemical use Knutson and Associates. Texas, USA 

press 

421 



References 

Kobayashi, T. 1961. The effect of insecticidal applications to the rice stem 

borer on the leaf hopper population. Spec. Rep. Predict. Pest. Min. 

Agric. Forest. 2:1- 126. 

*Kok, L.T. & Varghese, C. 1966. The four major lepidopterous rice stem 

borer in Malays. Malay. Agric.J.45: 275-288. 

Komt, D.M., Patel, M.C., Dodia, J.F.& Pathak, A.R. 1999. Evaluation of 

some new insecticides against major paddy pests. Gt~jarat Agric. Univ. 

Res. J. 24(2): 68-73. 

Koui,O.,Dhaliwai,G.S. & Cuperus,G.S. 2004. Integrated pest management: 

Potential constrain and challenges. CAB international, Wallingford, 

UK. 

Koya, V.KM. 1974. Brownhopper, the destmctive pest. Kuntkshetra. 22 

(19): 13. 

Koyama, T. 1955. Studies on the paddy borer (5'choenobius incertulas 

Walker). Bull. Agr. Imp. Entomoi.(Japan) 53: 174 

Krishnaiah, K. 1993. Changing scenario of rice insect pest problems. In Pests 

and Pest Management in India- The changing scenario. H.C Sharma 

and M. Veerabhadra rao (eds) Plant protection Association of India, 

Hyderabad. India, pp.ll-18. 

Krishnaiah, K. 1995. Insect pest management in rice. Evaluation of five insect 

grov;th regulators on the egg parasitoid Trichogramma chilonis (Ishii) 

and hatchability of Cmyra cepha!onica Staint. J. Appl. Ent. 113. 58-

60. 

Kt·ishnaiah, K, Katti G., Pasalu, I. C., Varma, N.R.G. & Zainulabedin, S. 

2004. Management of rice yellow stem borer, Scirpophaga incertulas 

Walker with sex pheromones. DRR.Hyderabad Technical Bulletin No. 

6. 32 

422 



References 

Krishnaiah, N. V., Prasad, A.S.R. Rao, C.R., Pasalu, I. C., Zahemddeen, S. · 

M., Varma, N.R.G., Lakshmi, V.J. & Lakshminarayanamma,V. 

2006. Population dynamics of rice brown planthopper, Nilaparvata 

lugens in Godavari Delta of Andhra Pradesh State. Indian J. Plant Prot. 

34(2):158-164 

Krishnaiah, N.V. & Kalode, .M.B. 1985. Resurgence of arthropod pests in 

crop plants. Asian Farm Chem. 1: 13-20. 

Krishnaiah, N.V., Prasad, S. R., Rao, C. R., Pasalu, I. C., Zaheruddeen. M., 

Varma, Lakshmi, N. R. G. & Lakshminarayanamma, V. V. J. 

2006.Population dynamics of rice brown planthopper, Nilaparvata 

lugens in Godavari Delta of Andhra Pradesh State. Indian J.Plant 

Prot. 34(2):158-164. 

Krishnasamy, N., Chauhan, 0. 1'. & Das, R.K. 1984. Some common 

predators of rice insect pests in Assam.Intr Rice Res. News!. 9(2): 15-

16 

Kruess, A. & Tscharntke, T. 1994. Habitat f!-agmentation, species loss. and 

biological control. Sci<!nce 264: 1581-1584. 

Kudagamage, C. & Nugaliyadde, L. 1981. Gall midge infestation in a 

monthly planted trial. Inti. Rice. Res. News/.6(2):7. 

Kudo, K., Yamamoto, Y. & .Matsuyama, N. 2003. Growth and yield of 

paddy-rice by no-tillage cultivation. changes of concentration of 

nitrogen in soil and tiller under different fertilizer levels. Tohoku J. 

Crop Sci. 46: 41-42 

Kulshreshtha, J.P.1974. Brown planthopper epidemic in Kerala (India). Rice 

Entomol. News/.1:3-4. 

Kulshrestha, J.D. 1971. Forecasting time of appearance of first brood of stem 

borer. Annual Report, Central Rice Research Institute, Cuttack,. 1 06p. 

Kulshrestha, S.K. 1989. Technical report on monitoring and surveillance of 

residues of organochlorines and heavy metals in fishes from selected 

423 



References 

environmental components of Madhya Pradesh and Rajasthan. Ministry 

of Environment and Forests, Govenunent of India, New Delhi, India. 

Kumar, M. & Velusamy, R 1996. Integration of varietal resistance, insecticide 

and the predatory wolf spider, Lycosa pseudoannulata in the 

suppression of rice hoppers. Madras Agric. J 83(3): 155-!59. 

Kumar, M.G.& Velusamy, R. 2000. Impact of insecticides on predatory 

arthropods of the rice ecosystem. Madras Agric. J. .87(7-9): 452-455. 

Kumar, P. 2003. Survey on the incidence of pests of rice under rainfed low 

land ecosystem. Kamataka .!. A.gric. Sci. 16(3):460. 

Kumat-,l.\ii.G.&Velusamy,R.2000.Impact of insecticides on predatory 

arthropods ofthe rice ecosystem. Afadras Agric.J. 87: 452-455. 

*Kung, K.S. 1971. Ecological Studies on the rice stem borer (Chilo 

suppressalis Walker) in Taiwan (II) : host plant survey. In symposium 

on rice insects. Tokyo. 19-24 July, 1971. Tropical Agriculture Research 

Centre. Ministry of Agriculture and Forestry, Tokyo. pp.27-34. 

Lal, S.S., Sachan, J.N. & Chandra, S. 1985. Cultural and varietal tools for 

integrated pest management for increasing pulse production. Pl. Prot. 

Bull. India 37(1): 13-23. 

*Landis, D. A. & Marino, P. C .1999.Conservating parasitoid communities of 

native pests, implications for agricultural landscape structure. In 

Biological Control Of Native or Indeganous Pests.edts.L Charlet, G 

Brewer, Thomas Say. pp.38-51 

Landis, D.A. & Haas, M.J. 1992. Influence of landscape structure on 

abundance and within field distribution of European corn borer 

(Lepidoptera: pyralidae) larval parasitoids in Michigan. Em,iron. 

Entomol. 21:409-416. 

Landis, D.A. & Menalled, F.D. 1998. Ecological considerations in the 

conservation of effective parasitoid communities in agricultural system. 

})lViron. £ntomol. 101-121. 

424 



References 

Landis, D.A.l994.Arthopod sampling in agriculturing Iandscapes:ecological 

considerations.In Hand book of sampling methods for Arthopod pests 

in Agriculture ,ed.LP Pedigo,GD Buntin, Boca. Raton.FL.CRC press, 

pp.lS-31. 

Laster, M. L. 1974. Increasing natural enemy resources through crop rotation 

and ship cropping. Proceeding Summer Institute on Biological Control 

of Plant Insects and Diseases.( Edited by F.G Maxwell and F.A Harris.) 

University press ofMississippi, Jackson, Mississippi, USA 

Law ani, S.M. 1982. A review of the efiects of various agronomic practices on 

cereal stems borer populations. Trop. Pest J'vfgt. 28: 266-276. 

Lawler, S.P. 2001. Rice fields as temporary wetlands: a review. Israel J. Zoo!. 

47(4).513-528. 

Legere, A. & Samson, N. 2004. Tillage and weed management effects on 

weeds in barley-red clover cropping systems. Weed Sci. 52(5): 881-885 

Lenka, D. 1998. Climate, weather and crop in India. I st edn. Kalyani 

Publishers, New Delhi. 

*Lim, G.S. 1970. Some aspects of the Conservation of natural enemies of the 

rice Stem bores and the feasibility of harmonizing chemical and 

biological control ofthese pests in Malaysia,Mushi. 43 (11):125-135. 

*Lin,C.C., Koh, M.T. & Huang, S.N. 2004. Assessment of the impact of 

using composted swine sludge in paddy crop rotation. J. Taiwan 

Livestock Res.37 (1). 45-52 

Lin, z. V\'., Han, Z .• J., Zhang, Li.C, Wang,Y. C., Liu.Z.W., Han, Z .. J., 

Zhang,L.C. & Wang,Y.C. 2001 Insecticide resistance selection in rice 

planthoppers. Chinese Rice Res. News!. 2001. 9(4): 7-8 

*Loevinsohn, M.E. 1984. The ecology and control of rice pests in relation to 

the intensity and synchrony of cultivation . Ph.D thesis. University of 

London. 360. 

425 



References 

Loevinsohn, M.E. 1987. Insecticide use and increased mortality in rural central 

Luzon, Philippines, Lancet. 13: 1359-62. 

*Loevinsohn, M.E., Litsinger, J.A., Panda, N., Austgra, M.A., Apostol R.F, 

Andrion, C. & Bandong, J. 1982. A basic for proceeding rice insect 

pest abundance in cropping system. Paper presented at the 1982 

international rice research conference on rice and cropping system. 19-

23 April 1982. International Rice Research Institute, Los Banos. 

Laguna, Philippines. 

*Machado, A.F.L. Jakelaitis, A., Fe•·reira, L.R., Agnes, E.L. & Santos, 

L.D.T. 2005. Population dynamics of weeds in no-tillage and 

conventional crop systems. J, environ. Sci. Health 40(1):119-128. 

*Maia, C.E. Cantarutti, R. B. 2004.Nitrogen and carbon accumulation in soil 

through continuous organic and mineral fertilization of maize c.rop. 

Rev. Brasil. Engenh. Agricol. Ambien. 8(1):39-44 

Malhi, B.S. & Brar, D.S. 1998. Biology of yellow stem borer, Scirpophaga 

incertulas (Walker) on basmati rice. J. Insect Sci.ll(2): 127-129. 

Mandai, N. 2001. Response of rice hybrids to planting dates during wet season. 

M.Sc (Ag) Thesis. Uttar Banga Krishi Viswavidyalaya, Pundibari, 

CoochBehar, West Bengal. India. 

Manju, S., Thagaraju, D. & David, P.P.M.2002. Relationship among 

abundance of yellow stern borer moths, egg parasitism in rice 

.IRR.J.'!.27(1): 41. 

Man.ju, S., Thangara_ju, D. & David, P. M. M. 2002. Egg parasitism in rice 

yellow stern borer, Scirpophaga incertulas (Walker). Indian .!.Plant 

Prot .. 30(1): 91. 

Manjunath, T.M. 1968. New records of some parasites and predators of the 

rice mearly bug, Ripersia oryzae. Green. (Hemiptera: Psendococcidae): 

Curr. Sci.37: 354-356. 

426 



References 

*Manjnnath, T. M. 1980.The natural enemy complex of rice brO\~n plant 

hopper and its possible role in integrated management. Abstracts of 

papers of seminar on pest management on rice.(Oct 30-31,1980). Tamil 

Nadu Agric. Univ.pp 40. 

Manjuuath,T.M. Rai ,P.S. &Gavi, G.1978. Natural enemies of brown plant 

hopper in India. IRRN.3(2): 11. 

Manti,I. 199l.Mirid predation on brown plant hopper (BPH) eggs.IW?N.16:24. 

·Marciano, V.P. Mandac, A.M.L.& Flynn, J.C. 1981. Insect management 

practices of rice farmers in Laguna, Philippines. IRRI. Agric. Econ. 

Dep. Pap. No- 81-103. IRRl. Los Banos. Phillipp. 

Maredia, K. M. 2003. Integrated pest management in global Arena CAB 

international, Wallingford, UK. 

Mareno, K.M, Gage, D., Landis, D.A & Scriber, J.M. 1992. Habitat use 

patterns by seven spotted lady beetle (Coleoptera : Coccinel!idae) in a 

diverse agricultural landscape. Biol. Control. 2. 159-165. 

*.Mareno, P.C. & Landis, D.A. 1999. Parasitoid community structure: 

implications for biological control in Agriculture landscapes. ln: 

Interchanges of insects between Agricultural and Surrounding Habitats. 

(eds B. Ekbom) Dordrecht: Khuwer. pp.ISI-191. 

Marjunath , T.M .1982 : Light trap catches of rice yellow stem borer . JRRN. 

7(5): 20. 

Matteson, P.C. 2000. [nsect pest management in Tropical Asian liTigated rice. 

Annual. Rev. Ent. 45 : 549-574 

*McGarry, D., Sharp, G.,Garcia, Torres, L., (edt.) Benites,;r., (edt.) 

Martinez.& Vilela.A 2001 .A rapid, immediate, farmer-usable method 

of assessing soil structure condition to support conservation agriculture. 

Conservation agriculture a worknl'ide challenge. First World Congress 

on conservation agriculture, Madrid, Spain, l-5-0ctober.Vol.2. 209-

214. 

427 



References 

Mcintyre, S., Finlayson, C.M., Landiges, P.Y., & Mitchell, D.S~ 1991. Weed 

Community Composition and rice husbandry practice in New 

Southwells, Australian agriculture. Ecosys. & Environ. 35.27-45. 

Mehto, D.N., Singh, K.M. & Singh, R.N. 1987. Influence of irrigation on 

succession and population build up of insect pests in chickpea (Cicer 

arietinum Linn.). Indian J Entomol. 49(3). 297-329. 

Mengech, A.N., Saxena, A.N. & Gopalan, H.N.B.1995. Integrated pest 

management in tropics: Current status and future prospects. John Wiley 

and Sons. New York. 

Mishar, N.C. & Mishar, B.C. 1992. Role of silica in resistance of rice, Oryza 

sativa to white backed plant hopper, Sogatella jurcifera Horvath. 

Indian J. Entomol. 54(2): 190-195. 

*Mishra, A. K. & Srivastava , S.K. 1993. Composition and dynamics of 

spider fauna in rice field.J.Appl.Zool. Res.4(I):l05-l06. 

Mishm, B. 2004. Rice: Exploring new opportunities. The Hindu (Survey of 

Indian Agriculture).pp.29-31. 

Misra, A.K., Singh, S.I'.N. & l'arwez, A. 2005. Incidence of yellow stem 

borer (S. incertulus. Wlk.) in different cultivars of boro rice (Oryza 

sativa .L) at different crop age. Oryza. 42(4): 329-332. 

Miyashita, l(. 1963. Outbreak and population of insects, with special reference 

to agricultural insect pests of Japan. Bull. Nat/. !nsf. Agric. Sci. Ser. C. 

15: 99-170 

Mohan, S. 1982 Studies on light traps with reference to rice pests. M.Sc.(Ag.) 

thesis, Tamil Nadu Agric. Univ, Coimbatore. 

Mohan, S. 1982. Studies on light traps with reference to rice pests. M.Sc.(Ag.) 

thesis, Tamil Nadu Agricultural University, Coimbatore. 

Mohapatra, S. P. & Khan, S. K. 1982. Distribution of different fractions of 

nitrogen in some rice soils oflndia. Oryza 19: 191-195. 

428 



References 

Momihy, B.T.S. & Mittra, B.N.1990. Uptake of nutrients by upland rice and 

associated wees as influenced by nitrogen application schedules and 

weed management practices. Crop. Res. 3(2):119-120. 

Moorthy, B.T.S. & Mittra, B.N. 1992. Reduction of herbicide phytotoxicity 

on upland rice by use of protectants. Trap. pest manage. 38(3):295-297. 

Moorthy, B.T.S. & Saha,S.2002. Evaluation of pre and post emergence 

herbicides for their effect on weeds on upland direct seeded rice .Indian 

.J weed ,'i'ci. 34 (3&4): 197-200. 

Morishima, H. 1984. Wild plant and domestication Chapter 1. In: Biology of 

Rice. (eds) S. Tsunoda, N Takahashi. Elsevier, Amsterdam. pp. 3-30. 

Mukherjee, B. & Mukhopadhyay, 8.1996. "Impact of Institutional Change in 

Productivity in a Small-Farm Economy: The Case of Rural West 

Bengal". In (edts.)A.Raychaudhuri and D.Sarkar. Economy of West 

Bengal: Problems and Prospects, Allied Publishers Ltd.Kolkota. 

Mukhopadhyay, S. & Mukhopdhyay, S. 1987. Lag correlation between the 

peak monsoon rains and peak appearance of rice green leafhopper in 

West Bengal. Proc. lndiand Nat. Sci. A cad B-Biol Sci. 53: 189-191. 

Murugesan,S. & Chelliah,S. 1982. Predatory potential of the wolf spider 

Lycosa pseudoannulata on rice brovm hopper. IRRN. 7 (6): 18. 

Nagarlrntti ,S & Ramachandran, M. Nair,K.l973.The influence of wild and 

cultivated Gramineae and Cyperaceae on populations of sugarcane 

borers and their parasites in North India.Entomophaga.18: 419-430. 

Nailnakumal"i, T. & Mammen, K.V. 1975. Biology of the brown planthopper, 

Nilaparvata Iugens Stal. (Delphacidae:Hemiptera). Agric. Res. J. 

Kerala 13: 53-54. 

Nakano, K., Abe, G., Taketa, N. & Hirano,C. 1961: Silica as an insect 

resistant component of host plant found in relation between the rice 

stem borer and rice plant. .lap . .!. Appl. Entomol. Zoo/. 5:17-27. 

429 



References 

*Nalini, R. & Uthamasamy, S. 2001. Influence of weed fauna on natural 

control of white backed plant hopper Sogatella forcifera (Horvath) in 

rice ecosystem In: National Seminar on Emerging Trends in pest and 

Disease and their management (Coimbatore: CPPS, TNAU). 

Nandihalli, B., l'atil, B.V. & Hugar, 1' •. 1990 : Fluctuation of yellow stem 

borer (YSB) populations in Raichur, Karnataka. India. URN. 15: (3). 

31. 

Natarajan, K ., Mathur, K.C. & Rajamani, S. 1988. Host range of Asian rice 

gall midge, Orseolia oryzae (Diptera:Celidomylide). Indian. J. Agric. 

Sci. 59: 110-ll3 

Natarajan, K., Venugopal, M.S. & Chelliah, S.l988. Brown planthopper 

(BPH) outbreak in Thanjavur District Tamil Nadu. Intern. Rice Res. 

News/. 13(1) : 26-27. 

Natarajan, V., Laganathar, N.S., l'alaniappar, T.A., Guruswamy, M. 

&Vl,nngopal, K 1975. Manuring ofriceiield. Madras Agric. J. 62(2): 

42-43. 

Nath, D.K & Sen, S.C. 1978. Brown plant hopper in West Bengal, India. 

IRRN, 3(1): 13. 

Nath,D.K. & Sarkar,D.1978. Predaceous spiders in a BPH endemic area of 

West Bengal,India.IRRJ.'l. 3(5):15. 

Nayak, S.K., Panda, S.K., & Behe•·a, U.K. 2000. Impact of varietal resistance 

and insecticides on rice stem borer and gall midge. Annals of Plant 

Prot. Sci.8(2): 140-144. 

*Nayban, G & Choudhury, 1'.2002. Phosoler rog pokar asukh (pest and 

problems of cereals) (in Bengali). I" eds. Lakshminarayan Printing 

Ltd.Kolkata. 

Newsom, L.D. 1967. Consequences of insecticide use on non-target 

organisms.Ann./ rev. Entomo/.12.257-286. 

430 



References 

Ooi, P. A. C. & Shepard, B, M. 1994. Predators and parasitoids of rice insects. 

In : E. A. Heinrichs (ed.) Biology and Management of Rice Insects, 

·wiley Eastern Ltd. India & IRRI, Manila, Philippines. pp. 613-656. 

*Orr, A. !\-!wale, B. & Saiti, D. 2001 What is an integrated pest management 

'strategy'? Explorations in Southern rvtalawi. E-:xp. Agric. 37(4): 473-

494. 

Ostman~ 0., Ekbom, B., & Bengtsson, J. 2001 Landscape heterogeneity and 

farming practice influence biological control. Basic Appl. Ecol. 2(4): 

365-371. 

Oudhia, P., Pandey, N., Tripathi, R.S. & Ganguly, R.N.l999. Ef-Tect of N 

and water management practices on gall midge ( Orseolia oryzae) 

infestation in hybrid rice. Insect Environ. 4(4): 119-120. 

*Over, E. 1979. Transfen-ing technologies for food production: what strategies 

are appropriate? World food issues, Serial No. 10. Program in 

lntemational Agriculture, Comell University. Ithaca, New York. USA. 

Padhi, G. & Saha, S. 2004. Influence of weather parameters on population 

fluctuation of rice yellow stem borer (Scirpophoga incertulas Walker) 

in light trap catches. Environ. and Ecol. 22(3) : 504-507 

]>adhi, G. 1994. Stem Borer infestation in relation to grow1h and tillering of 

rice plant. 01J1za. 31(3): 247-249. 

*Pal, A. & Haldar, S. 1980. Factors behind temporal variety of jute area in 

West Bengal: A District \Vise analysis (Unpublished). 

Palanichamy, A. & Nagarajan, N. 1978. Influence of fertilization on stem 

borer incidence on four rice cultivars. Int.Rice.Res.Notes 3(4): 11. 

*Panda, N. & Mobanty, M. 1970. Biological studies on the paddy gail rnidge 

Pachydiplosis Oryzae (Wood- mason) Mani in rice and its alternate 

hosts. J. Agric. (OUAT) 1 : 8-18. 

Panda, N., Samalo, A.P. Patra. N.C. & Reddy, T.G. 1976. Relative 

abundance ofLepidopteran stalk borers of rice in Bhubaneswar, Indian. 

432 



References 

J. Ent. 38.: 301-304 

Panda, S.K., Behera ,U.K. & Nayak. S.K.2002. Predation of Lvcosa 
• • r 

pseudoannulata on Sogatella jurcifera infesting rice with different 

levels of resistance .Page 16 in the abstract papers. VI.AZR.A 

conference on Advances in Applied Zoological Researches For Food 

Production and Environmental and Safety. 

Pandey, S. K. 2003. Influence of different levels of nitrogen on the incidence 

of major insect pests of rice. J. Emomol. Res. 27(4): 341-345 

*Pandya, H.V., Shah, A.H. & Purohit, M.S. 1989 studies on the population 

abundance of paddy stem borer, Scripophaga incertulas Wlk. (Jujrat 

Agric. Univ. Res . .!. 14(2). 104-107. 

Pandya. H.V., Shah, A.H. & PuJ"Ohit, M.S. 1988. Effect of insecticide 

application at different growth stages on rice yield components and rice 

straw.!nt.Rice.Res Notes. 13(4). 41. 

Panwar, V.P.S. 2002. Agricultural insect pests of crops and their Control, 

Kalyani Publishers. New Delhi. Pp.l. 

Panwar, V.P.S. 2002. Agricultural insect pests of crops and their control, 

Kalyani Publishers, New Delhi. 

Parasurum,S.l989.Predatory coccinellids in rice fields at agricultural college 

and research institute.Madurai./RRN 14(6):30 

Pasalu,I.C, Katti, G, K1·ishnaiah, K, Rao P.R.M.1999. Interactions between 

. host plant resistance and biocontrol in BPH management in rice. pages. 

1 09-113 in the pogress report (June 1998-1999), Rice IPM network -

Phase III, Irrigated Rice Research Consortium, Supported by Sweddish 

Agency for Development and Cooperation. 

Pathalt, M. D. & Pawer, A.D.1993. Insect pests of Rice. Agricultural 

Entonology Vol. II (Eds) .. Srivastava P.D, Jotwani M.G., Agrawal 

R.A., Wadhi S.R., Bhanotar R.K., Bhatnagar R.K 67:108. 

Pathak, M.D. 1967. Varietal resistance to rice stemborers at IRRI. In: The 

433 



References 

major insect pests of the rice plant. Johns Hopkins Press, Baltimore. 

Pp.405-4 I 8. 

*Pathak, M.D. 1968. Ecology of common insect pests of rice. Ann. Rev. 

Entomol. 13:257-294. 

Pathak, M.D. I 977. Insect Pests of Rice. International Rice Research Institute, 

Philippines. I5pp. 

Pathak, P .K & Heinl"ichs, E.A. I 982. Selection of biotype populations 2 and 3 

of Nilapa!1'ata lugens by exposure to resistant 1ice varieties . . Envir. Ent. 

II(!): 85-90. 

Patnaik, M.C. I983. Toxicity of organophosphorus insecticides to predatory 

coccinellids of rice fields. 01yza. 20: 237-239. 

Patnaik, N.C., Sathpathy, .r.M & Ram, S.1983 .Egg parasitization of the 

yellow rice borer at Bhubaneswar (India). Science and 

Culture.49(10):322 ··- 323. 

Patnaik,N.C. & Sathpathy J.M.l984. Effect of organophosphatic insecticides 

on the yellow stem borer (YSB) eggs and parasites IRR.t~. 9(6): 17- 18. 

Pats, P., Ekbom, B. & Scovgard, H. 1997. Influence of intercropping on the 

abundance, distribution and parasitism of Chilo spp (Lepidoptera: 

Pyralidae) eggs. Bull.Entomol.Res. 87:507-513. 

Pats, P. I 996. Management of crop residue to reduce the aestivating population 

of stem borers in maize.Jnt .. J.Pestlvfanag. 42:I5I-156. 

Paul, S.R. I 994: Response of Sali rice variety 'IET8002' to levels and time of 

application offertilizer in Assam. Ann. Agric. Res. 15(3). 388-390. 

Perkins, J.H. I 982. Insects, Experts, and insecticide Crisis: The quest for New 

pest management strategies, Plenum,New York. 304p. 

*Perkins, J.H.l980. The quest for innovation in agricultural entomology. In: 

D. Pimentel and J.H. Perkins (eds).Pest control: Cultural and 

Environmental aspects. AAAS selected symposium 43,Westview 

press,Colorado,USA, pp.22-75. 

434 



References 

Perrau, A. & Reedy, A.S. 1965. Observation on diaoause in the stem borer of 
A 

rice. Rice. News. Teller. 2. 9-13. 

:Peter, C. David, B V, Sunderrajan, R. Govindaraju, V.l989. feeding 

efficiency of natural enemies of white backed plant hopper. Sogatella 

jitrc!fera (Horvath). Pestology. 13(12).13 ···· 16. 

Phillips, R, E., Blevins, R, L, Thomas, G.W., .Frye, W. E. & Phillips, S. H. 

1980. No-tillage agriculture. Science. 208:1108-1113. 

*Pieris, I.D.R. 1977. Report of the Entomology Division, Central Agricultural 

Research Institute, Dept. of Agriculture, Peradeniya, Sri Lanka. 

*Pillai, K.G., Kalode, lVtB. & Rao, A.V.1979.Effects of nitrogen levels, plant 

spacings and row orientation on the incidence of the brown plant 

hopper of rice. Indian J Agric. Sci. 49: 125-129. 

Pillai, K.S.~ Saradamma, K. & Das, N.M. 1983. Field evaluation of two 

newer insecticides against some rice pests in Kerala. Pesticides. 17(2): 

15-18. 

*Pillai, M.K.K. & Agarwal, H.C. 1979. DDT residues and its degradation in 

soil, water and few aquatic animals of Jamuna in New Delhi. 

Department of Science and Technology, Govt. of India, New Delhi, 

India. 

l'iHai, R. 2001. An analysis of paddy productivity growth in West Bengal and 

Orissa. J.Agric.l Econ indian. 56(4): 613-630. 

Pimbt~rt, M.P. 1993. IPM options for Asia- Exploration for a sustainable 

future. J Asian Farm. ,S:ys. Assoc. 1: 535-555. 

*Pincus, J. 1994. Discussion points on pesticide policy and rice production in 

Indonesia: Combining reform trom above and action tram below.ln 

Pro c. Gottingen workshop pestic. Policies, (28 Feb- 4 March.l994) 

Gottingen. Ger. (ed) S. Agne, G .Fleischer, H Waibel, Gottingen; lnst. 

Agrarokon, Univ, Gottingen. Pp. 61-73. 

Pingali, I). L. & Heisey, P.VV. 1999. Cereal productivity m developing 

435 



References 

countries: Past trends and future prospects. CIJ\1MYT Economic 

paper.pp.99-103.CIMYT.Mexico. 

Pingali, P.L., & Gerpacio, R.V. 1997. Living with reduced insecticide use for 

tropical rice in Asia. Food Policy. 22 (2): 107-118. 

Piper, C.S. 1950.Soil and plant analysis.Univ.Adelaide, A.delaide, Australia. 

Pp.59- 74. 

Popov, C., Petcu, L. & Bar-bulescu, A.l998. Researches on biology, ecology 

and control of saddle gall midge (Haplodiplosis marginata von Roser) 

in Romania. Romanian Agric. Res. No. 9-10: 67-73. 

Powell, W., Walton, M,P. &Jervis, M.A.l996. Population and 

communities."Tnsect Natural Enemies: Practical approaches of their 

study and evaluation.(M.Jervis and Kidd, Eds) . Chapman and Hall, 

London. pp.223-292 

Pradhan, 8.1964. Assessment of losses caused by insect pests of crops and 

estimation of insect population. Entomol. India. Entomological Society 

oflndia. New Delhi.l7-58. 

l'rakasa Rao, P.S. & Padbi, G. 1988 Weather factors influencing out break of 

yellow rice-borer (Scirpophaga incertulas) on rainy season rice (Oryza 

sativa).Indian J. Agri. Sci. 58(6): 485-495. 

*Prakasa Rao, P .S. 1972. Ecology and control of Tryporyza incertulas walker 

and Pachydipolosis myzae (Wood Mason) in rice. Ph.D. (Zoology) 

thesis subn1itted under Utkal University. 

Pmkasa Rao, P.S. 1975. Recent ecological studies in rice insects stem borer, 

gall midge and rice llispa. Int. Rice. Res. Corif. Manila.Philippines. 

*Prakash, A. Rao, J & Rath, P.C. 2005. Advances in Rice Entomology Adv. 

Indian. Entomol productivity and Health. 51-70. 

Prakasha, A & Rao, J. 2004. Phytophagous Lepidopterans of Rice 

Ecosystems. AZRA Publs., Cuttak. India. 1 04p. 

436 



References 

Prasad R. & Singh, J. 2007. Effect of shifting in dates of planting on yield loss 

in brinjal caused by the eriophyid mite, Aceria lycopersici Wolff. 

Indian.!. Entomol. 69(1). 11-16. 

Prasad, B. R., Raju, N. B. T., Pasalu, I. C. & Babu, T. R. 2004. Influence of 

nitrogen and rice varieties on insect population build up and extent of 

damage. Annals Plant Prot Sci 12(1): 217-218 

Prasad, B. R., Raju, N. B. T., Pasalu, I. C. & Babu, T. R.2004. Influence of 

nitrogen and rice varieties on insect population build up and extent of 

damage. Annals ofP/ant Prot. Sci 12(1):217-218 

Premchand, A. 1984. Management of insect pests in rain-fed rice Production 

system. Oryza. 21:19-94. 

Qadeer, G.A., S.N. Sinha. & Tomar, R.S.1990. Light trap catches of major 

pests of rice in Kamal district (Haryana) and its relation with climatic 

factors. Plant. Prot. Bull. 42:1-6. 

Quang, D.V. & Tsuji, M .2003. Influences of main factors on the grm'<th of 

rice production and the adoption of modt~rn varieties in Vietnam a case 

study in outskirts of Hanoi. .!. Facult. Agric.. Kyushu University 

48(1/2):443-460. 

Quddus, M. A., Rashid, M.II., Khan, A.H., Ibrahim. B & Khatun, M. 

2004. An Evaluation of improved cropping patterns in the medium 

highland rice ecosystem . .!. Agron. 3(3): 175-178. 

Quisenberry, S.S., Trahan, G . .B., Heagler, A.M. & Me Manus, B. 1992. 

Effect of water management as a control strategy for rice water weevil 

(Coleoptera·. Curculionidae) . .!. econ. entomol. 85.1007-1014. 

*Ragini, J.C. & David, ]>.M.M. 2001. Role of organic manures in the 

management of rice stem borers. In National seminar of Emerging 

Trends in Pest Disease and their Management,23th March,200l. 

437 



References 

Ragini, J.C. Thangaraju, D. & David, P.M.M. 2000. Relative abundance of 

rice stem borer species in Tamil Nadu.lvfadras. Agric . .!. 87. ( 4-6). 228-

234. 

Rai, A.K., Singh, A.K. & Khan, M.A. 2002. Inf1uence of ·weatht'r factors on 

light trap Catches of yellow Stem borer in khar(f season. Indian.! Ent 

64(4): 510-517. 

Rai, A.K., Sinha, R.B.P. & Singh, A. 2000. Effect of abiotic factors on the 

population of rice leaffioder. Cnapholocrocis medina/is (Guenee) Ann. 

Pl. Protec. Sci. 8(2): 154-158. 

Rai, P.S & Gowda, G.1977. Parasitism of TrypOI)'Za incertulus egg masses in 

Karnataka, India.IRR1"U(2). 1-4. 

Raj, S.M. & Morachan, Y .B. 1973. Effect of fertilization and diazinon 

application on the incidence of stem borer and leaf roller on rice. 

lvfadras Agric . . !.!60(7): 431-435. 

Rajamani, S., Pasalu, I.e. & .Mathur, K.C. 1979. Effect of gall midge attack 

in paddy at tlowering stage. Curr. Sci. 48. 832. 

Rajamani, S., Pasalu, I.C., Dani, R.C. & Kulshreshtha, J.P. 1987. 

Evaluation of insecticides and plant products for the control of insect 

pests of upland rain fed rice. Indian. .!. Pl. Prot. 15 : 43-50. 

Rajeudran ,R. & Gopalan , M. 1988. Consumption of rice leaf folder complex 

in Coimbatore. Tamil Nadu. India. Int. Rice. Res. News/. 12(6): 26 

Rajendran, R. & Gopalan, M.1988. Staphylinid beetle, Paederus .fitscipes 

Curtis- a potential biocontrol agent in rice. Curr Sci. 58(10):40- 41. 

Ramakrishnan, A., A Sundmm,A & Uthamasamy,S.l994.Path coefficient 

analysis of abiotic factors atl'ecting light trap catches of green 

leafhopper. Nephotettix virescens (Distant) in rice . . J. Insect. Sci. 7: 

208-209. 

438 



R~ferences 

Raman, K. & Uthamasamy, S. 1983. Influence of foliar application of 

insecticides on the resurgence of brown planthopper, Nilaparvata 

lugens (Stal) in rice Entomol. 8: 41-45. 

Raman, K. 1981. Studies on the Influence ofFoliar Application ofinsecticides 

on the Resurgence of Brown planthopper, Nilaparvata lugens (Stal) in 

Rice. M. Sc Agric. Thesis. Tamil Nadu Agric. Univ. Coimbatore, Tamil 

Nadu,India. 

*Raman, M.H., Sardar, M.A. & Hoque M.R.199l. Population dynamics of 

A1icrmpis discolour (Coleceoptera : Coccinellidae) in rice and 

susceptibility to insecticides. Bangladesh .J Entomol. l. 27-33. 

Rao ,C.S, Rao, S. V. & Raju,B.H. 1981.Biology of the exotic predator 

Chilocorus cacti ,(Cocccinellidae:Coleoptera) on sugarcane scale insect 

l'vfelanaspis glomerata. Green Cooperative Sugar.l2(6): 303-304. 

Rao, C.B. 1981. Rice gall midge incidence in the dry season. lntl. Rice. Res. 

Ne14'Sl. 6(6) : 17. 

Rao, C.P. & Raju, J\ll.S. 1987. Effect of age of seedlings, nitrogen and spacing 

on rice. Indian. .J Agron. 32:100-102. 

*Rao, J. & Prakash, A. 1995. Bio-deterioration of paddy seed quality due to 

insects and mites and its control using botanicals. Final reports 

ICAR/CRlU Ad. hoc Scheme (1992-95). 87p. 

Rao, l\'I.S. & Reddy, K.D. 1999. Non-pesticidal approac..~hes in cotton IPM- a 

review. Agric. Rev. Kamal. 20( 3-4): 203-219. 

Rao, P.K. & Ali, M.H.l976. Some natural enemies ofrice and sorghum stem 

borers in Andhra Pradesh. Indian J. E-1-ltomon. 38(2).191 - 193. 

Rao, P.R.M. & Prakash Rao, P.S. 1983. Effect of insecticides on gro-wth, 

nutritional status and yield of rice plant. Indian. J. Agric. Sci. 53: 277-

279. 

Rao, S.1962. Uptake of nutrients by rice plant in relation to its grovvth. Andhra 

Agrl .. !. 9: 255-274. 

439 



References 

*Rao, V.P. & Nagaraj a, H.1966. A comparative study of the four species of 

paddy stem borer belonging to the genera Chlotrea and Chilo in Asia. 

Proc. Indian. Acad.Sci. 63(2):175-217. 

*Rao, V.P. 1972. Rice stem borers and their natural enemies in India, Pakistan 
. ' 

Ceylon and Malaysia, A1ushi 45(supplement): 7-23. 

*Rao9 V.P., Chacko, .M .. J.9 Phalak, V.R. & Dinesh Rao, H.l970. Leaf

feeding Caterpillar of paddy and their enemies in India . .J Bombay Nat. 

Hist. 5'oc. 66: 455-477 

*Rao, Y.S. & Kulshreshtha, J.P. 1985. Pest of rice gundhi bugs, In: Rice 

research in India. India council of Agricultural research. Krishi 

anusandhan Bhawan, Pusa, New Delhi. pp. 550-590. 

*Rapparini, G. 2001. \Veed control in rice. Infonnatore Agrario Supplemento 

57(1.0): 29-39. 

U .. awal, V. & Swaminathan, M. 1998. "Changing Trajectories: Agricultural 

Gwwth in West Bengal, 1950 to 1996": Economic and Political 

Weekly,( Oct.3, 1998): 2595- 2602. 

Razak9 R.L. 1986. Integrated pest management in rice crop. Plant Prot.Bull. 

38:1-4. 

*Razzaq, A., Sabir, B.A. & Zafar, :M.A. 1997. Control of insect pests on rice 

crop using tillage practices. A.M.A. Agricultural /1.1echanization in 

Asia, Africa and Latin America. 28(1): 29-30. 

Reddy, D.B. 1967. The rice gall midge, Pachydiplsis oryzae, Wood-Mason. In: 

The 1\1ajor Insect Pests of the Rice Plant. The Johns Hopkins Press, 

Maryland. pp. 457-492. 

Reddy, G.R, Rl~ddy, G.B., Ramaiah, N.V. & Reddy, G.V. 1986. Effect of 

different levels of nitrogen and fiJrms on growth and yield of wetland 

rice. Indian J. Agron. 31(4): 416-418. 

Reddy, .P.S. & J:leong, K.:L.l991. Distribution of Tetragnatha maxillosa in rice 

fields. IRRN.l6(5): 25. 

440 



References 

Reissing , W. H., Heinrichs, E.A., Litsinger, J.A., Moody, K., Fieldber, l. 9 

Mew ;r. W. & Bar.rion, A.T.1986. Jllustrated guide to integrated pest 

management in rice in tropical Asia. Intern. Rice Res. Inst. 

Philippines.pp. 411. 

Relwani, L.L.1965.R.esponse of paddy varieties to blue green algae and 

method of propagation. Curr. Sci .34:188-189. 

*Rezwany, N. & Schahosseini, D. 1977. Biology and ecology of rice stem 

borer (Chilo suppressalis Walker). Entomologie et Phytopathologie 

Appliquees. 43:1-5. 

Ric(~ Almanac.2004: Source book for most important econon:uc activity on 

earth.Edits J.L Maclean, D.C.,Dawe.,B. Hardy, and G.P. Hettle. IRRI. 

CABI publication. pp 90-92. 

*Ridgway, R.I... Kinze1o, R. E. & J\IIorison, R. K. 1974. Production and 

supplemental release of parasites and predators for control of insect and 

spider mite pests of crops.ln: Proceeding of summer Institute on 

Biological control of plant insects and Disease. (Edits by F. G. Maxwell 

and F.A Haris) University press, Mississippi, Jackson, Mississippi, 

USA. 

Riley, .J.R., Renold, D.R., A.D., Smith, C., Bao, .J. Yi. Dong, Ai. & Zbai, 

Bao.Ping.l990. Using radar to observe brown plant hopper migration 

in China. rR.RN. 15(2): 1990. 

Rinaldi, 1\lt, Tr·otta, G., Ferri, D., Vonella, A.V. & Elia, A. 2004. A..ltemative 

nitrogen fertilizers for processing tomatoes. Ir~formatore Agrario. 

60(11): 65-68 

*Ripper, W. E.1956.Effect of pesticides on balance of arthropod populations. 

Ann.! Rev. Entommol. 1.403-438. 

*Rivany, E. 1967. A contribution to the biology of the maize borer Chilo 

aganemmon B1esz.Isr. J. Entomol. 2.15-27. 

Rizvi, S.M.A. and Singh. H.M. 1983. Brown plant hopper in eastern Uttar 

441 



References 

Pradesh, India. Intern. Rice Res. Nell'S!. 8(4): 16. 

*Roger, P.A. & Kurihara, Y. 1991. The 'floodwater biology· of tropical 

wetland rice fields. In: Soil management for sustainable rice production 

in the tropics. Intern. Board Soil Res. Manage. 2:211-233. 

Roger,E.I\'1. 2003. Diffusion and innovations. 5th Edn. Free press. New York. 

Rothschild, G.H.L. 1970. Parasites of rice stem borers in Sarawak (Malaysian 

Borneo). Entomophaga 15(1): 21-51 

Rubia, Sam~hez.E., Catindig,J.,& Heong, K.L. 2001. Mortality of first and 

second instar larvae of yellow stem borer in four indica cultivars at the 

vegetative stage. International Rice Research Notes.26(2): 42-43. 

Sah~t, A. & Swaminatham, M .. .1994. "Agricultural growth in West Bengal 

in 1980's: dis-aggregation by districts and crops", Economic and 

Political J,Veekly, (Mar.26, 1994): A2-All. 

Saba, N.N. & Saharia, n. 1970. Etfec.t of dates of planting and levels of 

nitrogen on the incidence of stem borer in paddy in Assam. Indian .!. 

Entomol. 32 (1): 225-229. 

Saha, N.N. & Saharia, D. 1975. Study on the hibernating borer, J~vporyza 

incertulus (Wlk.) population in rice stubbles as influenced by dates of 

transplanting and nitrogen application . .Indian J. Entomol. 37(1.): 89-

90. 

Saha, N.N. 1986. \Vhite backed plant hopper (\\-'BPH) attack in India. Intern 

Rice Res. NeH'sl. 11(4): 30-3'1. 

Sahayaraj, K. 2004. Indian insect predators in biological control. 1 sled. Daya 

publishing house. Delhi.pp 270-283 

Sahu, J.P. & Sinha, P.K. 1990.Combined effect of climatic components on the 

pupal duration and survival of paddy stem borer Sircpophaga 

(Tryparyza) incertulus (\Valker) (Lepidoptera: pyrallidae). Indian J. 

Ent. 52(3): 345-357. 

442 



References 

Sain, M. & Kalode, M.B. 1992. Seasonal dynamics of gall midge (Orseolia 

oryzae. \vood-mason) and its parasites 111 nee at Rajendranagar, 

Hydrabad, India. Indian .f. Pl. Prot. 20(2) : 223-225. 

Sa in, M., Benttu·, J .S. & Kalode . . M.B. 200 J. Influence of agro-dimatic and 

cultural practices on rice hopper pests and their natural enemies J. 

Appl. Zool. Res.12 (1): 8-13 . 

*Sakurai,H.,Kumanda, Y. & Takeda. S 1993. Seasonal prevalence and 

hibernating diapause behaviour inlad\_' beetle. Harmonkt ·d axyn s. 
R~sean:h Bull. Fac. Agric. Gifi1 Universiry(Japan). 58: 5!-55 

Sands, D.P.A. 1977 The bio logy and ecology of repTOcmysa in Papua New 

Guinea .Res. Bull. Dept. Primary !ndusny No. 19. 104 p. 

Sanlmran, T . 1987. Biological control in integrated pest control ... progress and 

perspectives in India In : proceedings of the National Symposium on 

integrated Pest Control Progress and Perspectives,( October 15- I 7, 

1987.) (eds) Mohan Das, and George Koshy 

*Santa, H. 1959. Damages of rice plant caused by planthoppers lin Japanese]. 

Shokibutsu-Boeki lPlant Protection) .13:307-310. 

Sarder, N.A. Shamsuddin, A.M. & Khan. N.H. 1988. Yield and yield 

components of wetland rice under various sources and levels of 

nitrogen. Philippines. J Crop. Sci. 13(3 ): 105-1 58. 

Sarkar, J.K. & Gayen, P. 1992 Population dynamics of paddy stem borer 

(Scirpophaga incertulas walk. Lepidoptera: Pyralidae) \vith respect to 

some weather factors. Ann. AwH Res. 13(3):249-252. 

Saroja, R & Raju, N.l98l.Varicta1 reaction to rice stem borer under different 

nitrogen levels. 1 RRN. 6( 1 ): 12. 

Saroja, R. & Raju, N. 1985. Effect of planting time on rice panicle hug 

incidences. Intern. Nice l?es. News/ 10(1): 17 

*Sastrawinata, S.E. 1976. Nutri ent uptake, insect, disease, labour use, and 

productivity characteristics of selected traditional inter cropping patters 

443 



References 

which together affect their continued use by farmers. Ph.D thesis, 

College. of agriculture, University ofthe Philippines. Los Banos .. 130p. 

Sastrodihardjo, S., Rothschild. G.D.H. & Water house. D.F. 1972. 

Observations on rice stem borers and gall midges in west Java, Mushi. 

45: 39-46. 

*Sastrowidjoyo, H. 1976. Masalah hama wereng tanaman padi di daerah 

Istimewa Y ogyakarta [The problem of brown planthopper in the special 

province of Yogayakarta] [in Indonesian]. Seminar on brown 

planthopper. Yogyakarta, Indonesia. I 0 p. 

Satpathi, C. 2004. Predacious spiders of crop pests. Capital Publishing 

company Kolkata .. pp. 98-117 

Savary, S., Willocquet, L., Elazegui, F.A., Castilla, N.P. & Teng, P.S. 2000. 

Rice pest constraints in tropical Asia, quantification of yield losses due 

to rice pests in a range of production situation. Plant Diseases. 84 (3): 

357-369. 

*Schoenly, K.G., Cohen, J.E., Heong, K.L., Arida, G.S., Ba1·ion, A.T. & 

Litsinger J.A. 1996. Quantif'ying the impact of insecticides on food 

web structure of rice arthropod populations in Philippine farmers 

irrigated field: case study. In Food webs: Integration of Patterns and 

Dynamics, (edts G.A polis. and K Wisemiller.). London, Chapman & 

Hall. pp.- 343-351. 

Schoenly, K.G., Justo. H.D.J., Barrion, A.T., Harris, M.K., & Bottrell, 

D.G.I998. Analysis of invertebrate biodiversity in a Philippine 

farmer's irrigated rice field. Environ. E.lztomol. 27(5): 1125-36. 

Schoenly K. G., .rnsto, Jr. H. D., Barrion, A. T., Harris, M. H. & Bottrell, 

D.G.1988.Analysis of invertebrate biodiversity in a Philippines 

farmer's integrated rice field Environ.Entomo/.27:1125-1136 

*Scott, D., Miller, D.M. & Renaud, F.G. 2003. Rice Soil: Physical and 

chemical characteristics and behaviors. Chapter. 3.3. ln : Origin, 

444 



References 

History, Technology, and Production.(Eds.) CW Smith, RH Dilday. 

Rice, John Wiley and Sons Inc, Hoboken, New Jersey.pp. 297-329. 

Seetharaman, R., Krishnaiah, N.V., Rani, N. S. & Kalode. M.B. 1984. 

Studies on varietal resistance to brown plant hopper in rice. Indian J. 

Genet. 44: 65-72. 

Sehgal, M. Jeswani, M. D. & Kalra, N. 2001 Management of insect, disease, 

and nematode pests of rice and wheat in the Indo-Gangetic Plains . 

.!.Crop Prod. 4(1). 167-226. 

Sekhar, M.J. & Prasad. N.N. 1989. Eftect of different levels ofK at each of 

the two N levels on the incidence of sheath rot, growth and yield of 

rice. Afadras Agric . .!. 76(1): l-4. 

Sen, A., Gulati J.M.L. & Mohant)·, J.K. 1984. Studies on the phytotonic 

effects of Soil incorvoration of Carbofuran and nitrogen on rice. Oryza 

21: 248-250. 

Sen, A.C. & Srivastava, Y.P. 1955. Trials of Systematic insecticides against 

Leptocorisa varicornis Fabricius on Paddy. Proc. Bihar. Acad Agric. 

Sci. 4: 100-101. 

Senapati, B. & Panda S.K. 1999. Rice stem borers : insect pests of cereals 

and their management. edts. Anand Prakash and Jagadiswami Rao. 

AZRA pubis. Cuttack.lndia.pp. 2-18. 

Senapati, H.K., Mohanty, S.K. Pal, A.K. & Pattinaik, M.R. 1988. 

Residences of quinalphos in rice. Int. Rice. Res. News!. 13(3): 30. 

*Setamou .M. Schulhess F, Bosque Perez, N.A. Thomas. & odjo. A. 1995. 

The effect of stem and cob borers on maize subjected to different 

nitrogen and silica treatments with special reference to Sesamia 

calamistis. Hampson (Lepidoptera: No<.,iudae). L"ntomo/. Exp. Appl. 77: 

205-10. 

445 



References 

Settle W.H, Al"iawan. H., Astuti E.T., Cahyana, W. & Hakim A.L.l996_ 

Managing tropical rice pests through Conservation of generalist natural 

enemies and alternative Prey. Ecology. 77(7): 1975-1988. 

Sewa1·arn, R., & Gupta, S.R. 1973. Effect of varying plant density on the 

grow1h and yield of rice varieties. Indian J. Agric. Res. 7: 61-62. 

Shamta, R.K., Babu, K.S., Chholmr, R.S. & Sharma, A.K. 2004 Effect of 

tillage on tennites, weed incidence and productivity of spring wheat in 

rice wheat system ofNorth Western. Crop Prot. 23(11): 1049-1054. 

Sharma, U.C, Chudhury, A.N. & Khan, A.K. 1994. Effect of intregrated 

weed management on yield and nutrient uptake by rainfed rice in acid 

soils ofNagaland. Indian J. Agron.39: 553-556. 

Shave, P. A, Avav, T. 2004. Economics of weed management in late planted, 

minimum tillage rice in Benue State, Nigeria. International Rice 

Research Notes. 29(1 ): 73-74. 

Shepard, B.M., Barrion, A.T.& Litsinger, .J. A. 1987. Friends of Rice 

Farmer: Helpful insects, and pathogens, Los Banos, Phillip. IRRI. 136. 

Shepard, B.M., Shepard, E.F., Camer, G.R., Hammig, M.D., Rauf, A.& 

Turnipseed, S,G. 200 l.Integrated pest management reduces pesticides 

and production costs of vegetables and soybean in Indonesia: field 

studies with local fanners . . 1. Agromed 7(3): 31-66 .. 

Shibayama, H. 2001. Weeds and weed management in rice production Ill 

Japan. Weed Bioi. Manage.l(l): 53-60. 

*Shiraki, T. 1917. Paddy borer (Schoenobius incertulas Wlk.) Taihoku Arg. 

Expt. Stat. 256p. 

*Shn,Z.L, '-''ang, Z.Y., Pan,Y.L., Shu,Z.L., Wang,Z.Y. & Pan,Y.L. 2000. 

Study on safety of Regent [fipronil] to main spiders of rice t1elds. 

Jiangsu~Agric.l Sci. 5. 31-32. 

Shukla R.K & Shama, R.S. 1994. Uptake and recovery of nitrogen in 

transplanted rice under different sources and levels of nitrogen. Oryza 

31: 43-46. 

446 



References 

*Siddiq, E. A. 2000. Rice: Yawning productivity gaps. Survey of Indian 

Agriculture 2000.The Hindu,Chennai. pp 39. 

Silva, .J.R. V., da Martins, D., Cardoso, L.A. & Carbonari, C.A. 2005 

Effects of hand weeding strip and nitrogen fertilizer on com plants. J. 

environ. sci. health 40(1) : 129-135. 

Simwat, G.S.J994. Modem concepts in insect pest management in cotton. In: 

Trends in agricultural insect pest management. G.S. Dhaliwal and 

Ramesh Arora (eds.). Commomwealth ·publishers, New Delhi, India, 

pp. 175-238 

*Sing, B. & Dbaliwl, G.S.l994.Pollution hazards of insecticides in agriculture. 

In: Management of agricultural pollution in India. G.S.Dhaliwal and 

B.D.Kansal (eds).Commonwealth Publishers,New Delhi,India, pp 20-

60. 

Sing, B.K. Thakm·, R.B. & Sing, R.P. 1990. Effect of carbofhran and urea

nitrogen on the yield and yield contiibutes of high yielding low land 

rice. Oryza 27(1):78-79. 

Sing, J. & Dhaniwal, G.S. 1994. Insect pest management of Rice: A 

perspective In: Trends in Agricultural pest management. (eds) G.S 

Dhaliwal and A Ramesh Arora Commonwealth Publisher, New Delhi. 

India. pp. 56-112. 

Sing, R. & Sing, H.P. 1977. Studies on varietal-cum-manurial responses on the 

incidence of paddy stem borer. (Tlyporyza incertulus Wlk.) Jv!adras 

Agric. J. 64(4): 247-251 

Singaram, P. & Manickam, T.S. 1978. Study on the influence of some 

pesticide application on the uptake of nitrogen and phosphoras. 

Madras. Agric. J. 65: 25-27. 

Singh, B.N. & Sasmal, S. 2004. Integrated J>est management techniques for 

rain-fed rice ecologies In: Proceedings 11 - Integrated Pest 

Management in Indian. pp 51-64. 

447 



References 

Singh, H.S. Awasti, H.K. & Kumar, S.M. 200 I. Farmers' participatory 

identitlcation of gall midge (Orseolia oryzae Wood-Mason)-resistant 

rice varieties for desired characters. Int. Rice Res. Notes. 26(2) : 79-80. 

Singh, R.B., Singh. R. & Singh, R. 2001 Feeding potential of predatory 

spiders against leatnopper (G.L.H.) of rice. Shashpa. 8(2): 209-210 

Singh, Y. P. & Mishar, S.P. 1974. Water management studies in paddy. 

Indian. J. Agron. 19: 60-63. 

Singha, S.S. & Pandey,V.1997. Relative susceptibility of rice germplasm to 

yellow stem borer ,Scirpophaga incertulus .Indian .J.Ent.59(3).257-

262. 

Sinha, R.B.J>, & Kumar, K.1998. Studies on the sex pheromone of yellow 

stem borer /icirpophaga incertulus (Walk.). 01yza. 93-94. 

*Skrebelis,S.200l.Possibilities to minimize soil tillage. Vlll-Miedzynarodowe

'~)lmpozjum FJcologiczne Aspekty lvfechanizacji Produkcji Roslinnej, 

Warszawa, Polska ,wrzesnia. 223-228. 

Smith, E.S.C. 1981. Rice insects in the Northern province. Harvest. 7(1). 31-

34. 

*Smith, R.F. 1972. The impact of green revolution on plant protection in 

tropical and subtropical areas, Bull. Entomol. Soc. America. 18(1):7-14. 

*Song, Z.P., Lu, B. R., Zhu, Y.G. & Chen, J.K.2003.Gene flow from 

cultivated rice to wild species Oryza rufipogon under experimental 

field conditions. New Phytologist 1.57: 657-665. 

Sontakke, B.K. & Senapati, B. 1998. Effect of seasons and gro~1h steps of 

two rice varieties on the absorption and persistence of sprayable 

monocrotophos. indian. J. 1-.:nt. 60(1):29-35. 

Southwood, T.R.E., Henderson, P.A. & Woiwod, 1.1'. 2003 Stability and 

change over 67 years - the community of Heteroptera as caught in a 

light-trap at Rothamsted, UK. European J. Entomol. 100(4): 557-561. 

448 



References 

*Sprenkel, R.K., Brooks, W.M., VanDuyn, J.W. & Deitz, L.L. 1979. Three 

effect of three cultural variables on the incidence of Nomuraea rileyi, 

phytophagous Lepidoptera and their predator on soybeans . .!. of Econ. 

Entomol. 68. 847-851. 

*Srivastava, A.S. & Saxena, H.P. 1964. The rice bug Leptocorysa varicomis, 

Fabricius. In: Proc. Symp. The major insect pests of the Rice plant. 

IRRI. Manila, (Pub!) The Johns Hopkins press. Baltimore. Md. Pp.525-

50 

*S1ivastava, A.S. & Saxena, H.P. 1967. Rice bug Leptocorysa varicornis 

Fabricious and allied species. In: The Major Insect pests of the Rice 

plant. The Johns Hopkins Press. Baltimore. Md. 

Srivastava, K.P. 1993. A Text Book of Applied Entomology. Vol. II. Kalyani 

Publishers. India. pp. 55-309. 

Srivastava, S.K .,Shulda, B.C., Kaushil<, U.K., Pophaly ,D.J .,Gupta, R. & 

Gangarade G.A. 1984. Varietal reaction of paddy gall midge in 

Madhya Pradesh. Oryza. 22. 201-204. 

Srivastava, S.K. 1976 .Plant protection in India: Problem and prospects. Pest 

Articles & News summaries 22. 467-473 

Srrivastava, S.J>., Hazarika, G.K. & Singh, B. N.I 984.Rice straw and grass 

as manure for transplanted rice. Indian.!. Agric. Sci. 54:943-1017. 

Stapley, J. H. 1975. The problem of the brown plant hopper (NilapGil'ata 

lugens) on rice in Solomon Islands. Rice. Entomo/. News/. 2: 37. 

Starl<s, K.J., Schumal<er ,G.& Eberhart, S.A. 1971. Soil fertility and damage 

by Chilo zonellus to grain sorghum. J. Econ. Entomo/.64: 740-743. 

Statistical Hand Book of Agricultue.2004. Bureau of applied economics and 

statistics .Govt. of West Bengal. 

Statistical Poc.ket Book.200S. Ministry of statistics and programme 

implementation, Govt. ofindia. New Delhi. 

449 



References 

*Stern, V.M., Smith, RF., Van de Bosch, R & Hagen, K.S. 1959. The 

integration of chemical and biological control of spotted a(fa alfa aphid 

in the integrated concept. Hilgardia 29: 81-101. 

Subr-amanyan, A. 1981. Effect of intensity of light on predaceous green mirid 

bug.IRRN.6(6): 18.S 

Suedecor, G. W. & Cochran, W. 1967.Statistical methods. Lowa State 

University press. Ames, Lowa, USA. 

*Suenaga, H. & Nomura, K. 1970. Host: O!:J'Za sativa (rice), Organisms: 

Nilaparvata lugens (brown plant hopper). In L. Chiarappa, ed. Crop 

loss assessment method. FAO Manual on evaluation and prevention of 

losses by pests' disease and weeds. FAO and Commonwealth Agric. 

Pp.52 

Sunwongwan, P. & Catling, H.D. 1967 Effect of high temperature and low 

humidity on the survival of eggs and larvae ·of yellow stem borer. 

Scirpophaga incertulas (Walker) in deepwater rice. J. Plant. Prot. 

Trop. 4(2):115-1 19. 

Sm·esh, P.J. &Venugopal, M.S. 1992. Yield loss due to major rice pests in 

Tamil Nadu, India Inti. Rice. Res. News!. 17(2):9-10. 

Surugesan, S., Chelliah, S. & Subramaniam, A. 1987. Influence of weather 

factors on the population dynamics of green leafl10pper, Nephotettix 

Pirescens (Distant). Indian. J. Agric. Sci. 57:193-196. 

Symondson, W.O.C., Sunderland, K.D. & Greenstone, M.H. 2002. Can 

generalist predators be effective biocontrol agents? Annual Rev . 

. Entomol. 47: 561-594. 

*Takahashi, N. 1984. Differentiation of ecotypes in Ory,za sativa L. chapter. 2. 

In: Biology of Rice, (eds) S. Tsunoda & N Takahashi. Elsevier, 

Amsterdam. pp. 31-67. 

Teng, P.S, Heong, K.L. & Moody, K. 1993. Advance in Tropical Rice 

integrated pest management Research, In : New Frontiers in Rice 

450 



References 

Research (Ed) K. Murlidharan & E.A Siddiq. Directorate of Rice 

Research, Rajendranagar, Hyderabad. pp. 241-255. 

Thomas, M .. J., Pillai, K.B. Mammen, K.V. & Nair, N.R. 1979.Spider check 

plant hopper population.IRRN. 4(3):18-19. 

Tiwari, V.K., Dubey, O.P. & Tiwari, S.K. 2001 Predatory status of paddy 

pests in Jabalpur region. Res. Crops. 2(3): 375-377. 

Tomar, U. K., Gaugwar, K. S, Garg., U. N. Gupta. V. K. & Sahoo., R. N. 

(2003): Effect of tillage and N nutiition on growth, nitrogen response 

and productivity of rice wheat system in Inceptisols of Western Uttar 

Pradesh. Ann. Agric. Res. 24(3): 649-659 

Tosh, G.C, Ueddy, B.S, & Nanda, K.C.1981. Integrated weed management in 

upland rice. Pro c. Weed Sci. Conf. pp 14. 

Tripathy, M. K. & Senapati, B. 1995. Grain yield loss in semi-deepwater rice 

caused by stem bores. J. Appl. Zoo!. Res. 6(1): 17-19 

Tripathy, M.K., Senapati, B & Das, S.K. 1999. Pest status and seasonal 

incidence of stem borer complex of rice in semi deep water situation at 

Bhubaneswar. Environ and Ecol. 17(2): 415-418. 

Tripathy, M.K., Setapati, B., Acharya, S. & Patnaik., H.P.1999. Evaluation 

of certain insecticides against rice gall midge and yellow stem borer.J. 

Appl. Zool.Res. 10(2). 123-125 

U padhyay, R.K. & Diwakar, M.C. 1992. Present status of rice insect pests in 

India. Plants protect. bull. 44(4): 38-39. 

Usha Rani,P. 2003. Host plant chemicals as kairomones and oviposition 

stimulants for Trichogramma japonicum ,an egg p'arasitoid of rice 

yellow stem borer. Pages 603-604. in Proc. Nat. symp. Frontier Areas 

ofEntomol. Res .. Nov 5-7.2003.IARI. New Delhi. 

Uthamasamy,S., Velu, V., Gopalan M. & Ramathan, K.J.\tl .. l983.Incidence 

of brown plant hopper,Nilaparvata lugens stal on IR 50 at graded level 

of fertilization at Aduthurai. Plant Prot. News. 8(5).13. 

451 



References 

Van de Fliert, E. 1993. Integrated pest management: farmer field schools 

generate sustainable practices. Wageningen Agric. Univ. Wageningen, 

The Netherlands. 

Van den berg, J. & Van Rensburg, J.B.J. 1991. Infestation and Injury levels 

of stem borers in relation to yield potential of grain sorghum. S. Ajr. J. 

Plant. Soi/.8: 127-31. 

Varca, A. S. & Feuer, R. 1976. The brown plant hopper and its biotypes in the 

Philippines. Plant Prot. NeH'S. 5(1): 35, 38-41. 

Vaughan, D.A. 1994. The wild relatives of rice. A genetics handbook. Intern. 

Rice Res.Inst, Manila, Philippines. 

Velusamy, R., .Janaki, IJ>. & Jayaraj S. 1978. Efficacy of certain insecticides 

as granular and foliar formulations in the control of stem borer, left 

roller and planthopper in rice. Pesticides 12(2): 11-14. 

*Venugopal, J\.LS. & Litsiuger, J.A. 1983. Carbofuran -·· A direct growth 

Stimulant of rice. Proc. Rice pest. i\1agt. Sem. TNAU. Coimbatore. 

Editor 

Verma, O.J>.S., Katyal, S.K. & Sharma, H.C. 1988. Effect of planting 

density, fertilizers and weed control on transplanted rice, Indian J. 

Agron. 33(4). 372-375. 

Verma, S.K., Pathak, I'.K. Singh, B.N. & Lal, M.N. 1979. Occurrence of 

brown and plant hoppers in the Uttar Pradesh, India. Intern. Rice Res. 

News!. 4(3): 20. 

Viajante, V. D & Saxena, R. C. 1988. Effect of plant age on rice susceptibility 

to yellow stem borer (YSB). Scilpophaga incertulus (Walker).IRRN. 

13(3):27. 

Virmani S.S. (1996). Hybrid rice. Adv. Agron. 57: 377-462 

*Wagan, M.S., Saba., A.A. Hussain., T, Rustamani, M.A. & Bbutto, A.A. 

1999. Population fluctuation and seasonal history of yellow rice stem 

452 



References 

borer in rice growing area ofSindh. Proc. Pakistan. Congress .2001. 19: 

347-351. 

Walker, P. T.J975. Pest control problems (pre-harvest) causing major losses in 

world food supplies. FAO Plant Prot. Bull. 23: 70-77. 

Waterhouse, D.L. !965. Some aspects of Australian entomological research. 

Proc. 12th Int. Congr. Entomol. London. 46-51. 

Watson, D.J.J947.Comparative physiological studies on the growth of field 

crops, variation in net assimilation of leaf area between species and 

varieties within and between the year.Ann.Bot.ll: 41-76 

Way, M. J. & Heong, K. L. 1994. The role of biodiversity in the dynamics and 

management of insect pests of tropical irrigated rice- a review. Bull. 

Entomol. Res. 84: 567-587. 

Whitecomb, W.H. & Bell, K.l964. Predaceous insects, spiders and mites of 

Arkansas cotton field. Arkansas Agric. Exp. Station Bul/.690: 1-84. 

Whitney, W.K. 1972. Observation on the cow pea (Vigna unguiculata.L. 

Walp.) insects at international institute of tropical Agriculture,Ibadan, 

Nigeria.pp.44. 

Wickremasinghe, N. 1969. Observations on the rice gall midge and on its 

effects on rice plants. lntl. Rice. Comm. News!. 18(4): 27-37. 

Winter, M. 2000. Organic Hu·ming is a battle worth fighting. Comeli-Focus. 

2000. 9(3): 4-9. 

Wongsiri, T., Vungsilabutr, P. & Hidaka, T. 1971. Study on ecology of rice 

gall midge in Thailand. ln: Proc. Synp. Trop. Agric. July 19-24, Tokyo. 

Japan. pp. 267-290. 

Wood, B.J. 1973. Integrated control: critical assessment of case histories in 

developing economies. In Insect: Studies in Population Management.( 

edts by p .W. Geier et at.) Ecological Sot,iety of Australia. Memoir No. 

01. 

453 



References 

*Yamada, S., Okubo, S., Kitagawa,Y. &Takeuchi, K.2007. Restoration of 

weed communities in abandoned rice paddy fields in the Tama flill s, 

central Japan. Agriculture, Eco.\y!;tl!ms Enl'iron. 119(1/2): 88-102 

Yerriswamy,J. & Hugat·,L.B. 2001 . Input use pattern and return structure in 

paddy under selected agricu ltural systems in Tungabhadra Project area. 

Karnataka J.:.amatako J. Agnc. Sc1. 14( J ): 81-85 

Yoshida, S. 1981. Fundamentals ofRicc Crop Science. Jnt. R1ce Res. !nsf .• Los 

Banos, Philippines. 

Yosida. S.,Cock .. J.H.& .Parao, F.T.1 972.Physiological aspects of high yields 

ln · Rice breeding IRRI Los Banos Laguana, Philippines 

Zaherudden, S.M. & Rao, P.S. 1985. Ovipositio n of brown plant lopper 

(BPH) on some common weeds, wi ld rice's, and rotation crops. IRR.t"\ 

1 0(2): 15 

ZeepJ).B. & Keaster.A .. J. 1077 Effect of corn plant densities on the girdling 

behaviours of south-vv·cstcrn corn borer.J.econ. J.;womoloKJ'. /0 (6): 

678-680. 

Zhou, X.X., Gao, H.\V. & Li, X.F. 2001. Experimental study on conservation 

tillage system in areas of two crops a year in Nonh China Plain. Trans. 

Chinese ,)'oc. Agric.l~·ng.l7 (6): 16-22 

Zhu, M., Song, Y.H.,Uhm,K.B. ,Turnet·,R.\V., L{~r,.J .H. & Roderick,G.K.. 

2000 Simulation of the long range migration of brown planthopper, 

Nllapana.ta lug<Jns (Slal). by using boundary layer atmospheric model 

and the geographic information sy:;tem. J. Asia Paqfic Emomol. 3(1): 

25-32 

*Zhuang, Y.L .. Shen,J.L., Zhuang.Y.L. & Shen,J.L. 200(1 t\ method fi.)r 

monitoring of resistance to buprotezin in bro,,·n plant hopper 

J.Nat!fing-Agric. ( inir. 23(3): 114- 11 7. 

* Original not seen. 

454 


