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The establishment of disease in any plant is influenced by a large number of 
factors and is the fmal outcome of a series of complex interactions. The factors 
generally involved are host factors, pathogen factors as well as environmental 
factors and the interaction among these. Considering the importance of 
environmental factors on disease development, which agam is also dependent 
on the response of the host and pathogen, there have been a large number of 
studies in different plants. Previous attempts have been made to understand 
the role of environmental factors on pathogen development in the host leading 
to production of disease. 

In the following pages, a short, selective review pertaining to the present study 
has been presented. The review has been divided into three parts : (a) Influence 
of environmental factors on disease development; (b) Facrors affecting fungal 
growth in vitro; (c) Biochemical changes in plants associated with infection. 

2.1 Influence of environmental factors on disease 
development 

Prakash and Jhooty (1987), reported that conidia of powdeiy mildew of ber 
initiated germination and appressoria formation after 2 and 4 hours, 
respectively at 20 + 2°C in moist saturated atmosphere. Sporulation started 96 
hours after incubation on susceptible ber leaves. Cardinal temperatures for 
powdery mildew development were below 10, 20 and 30"C. Relative humidity 
of 32% and above favoured development of powdery mildew. Temperature 
had negative significant correlation, whereas relative humidity had positive 
non significant conelation with disease. 

Ragazzi el al. (1987) carried out a series of observations on olive tree orchards 
(cv Moraiolo) in the countryside around Florence. The tiees were infected by 
Verlicillium dahliae. The object of this research was to contribute to the 
knowledge of V. dahliae epidemiology in Tuscany. The authors found that it 
was possible to isolate the fungus all over the year, but this possibility decreased 
from summer to winter. They observed no correlation with climatic data. A 
hypothesis to verify was that the mycelium of V. dahliae can be active for a 
part of the year. For the alternation of period in which it was more or less easy 
to isolate the fungus, it could be a situation in which the fungus can be 
successfully fought. 



The incubation period of Puccinia arachidis in cultivars SB-XI of groundnut 
under field conditions was gradually influenced by temperature and relative 
humidity (R.H). It was prolonged as the mean or maximum temperature 
increased with which the relative humidity was negatively coixelated. Multiple 
regression analysis of different environmental combinations includmg rainfall, 
evaporation rates explamed more than 96% of the observed variation in 
incubation period (Mayee and Kokate, 1987). Leafrustwas reported commonly 
to occur during 86 and 87 but was most severe on winter wheat in the orange 
free state. Seven races were characterized dm'ing both years. Pathotypes 35AI 
34 (avirulence / violence formula) Lr 39, 3bg, 3ka, 10, 11, 16, 20, 24, 26, 30/ 
1, 2a, 2b, 2c, 14a, 15, 17 and35A 140 (Lr 3a, 3bg, 3ka, 29, 2b, 2c, 10, 14, 15, 
17, 24, 26) were identified for the fu:st time -35A 13u in 1986 and 35 AI140 
in 1987. In south Africa, virulence to Lr 26 has not previously been recorded. 
Pathotype 35A132 (virulentto Lri, 2a, 2b, 2c, 10, 14a, 15, 17,24) was isolated 
most frequently during both years - 44.1% in 1986 and 34.2% in 1987; Pretorius 
and Leroux, 1988). Biggs and Northover (1988) reported that nonwounded 
peach and sweet cherry \P. avium] fruits were inoculated with a conidial 
suspension of Moniliniafructicola at temperature of 15-30"C at 2.5" intei-vals, 
and wetness duration of 3-15 hr (peach) or 6-18 hr (clieny) at 3hi-. intervals. 
Both peach and cheixy had an increased incidence of finiit infection with 
increased wetness duration over the range of temperature tested. Optimumi 
observed temperature for cherry fruit infection was 20-22.5"C with greater 
than 80%infection of 15 hrs of wetness. After 18 hrs of wetness infection was 
greater than 80% at all temperature, except 30°C. Optimum observed 
temperature for infection of peach fruit was 22.5-25°C. Greater than 70°-̂ ° 
infection occurred after 12 hr, at all remperatures except 27.5"C and 30''C. 
Nontransformed polynomial and logistic equations for peach and cherry 
respectively were chosen as the best regression models to describe the incidence 
of fruit infection as function of temperature and wetness duration. Coefficients 
of determination for 2 sweet cherry and 2 peach experiment were .89 and .90 
and 0.71 and 0.84 respectively. 

The effect of temperature on colonization of maize {Zea mays) and the 
subsequent invasion of kernels by A. flavus was studied in controlled 
environments. At the post-inoculation temperature regimes of 34"C / 30*̂ 0 
(34«Cx9hr, ^Q^C x 15hr) and 26/22"C, as many as 28 and 2.4% of the kernels 
respectively, were infected. Infected kernels were present in all areas of the 
ear and neither temperature nor time of incubation, affected the location of 



infected kernels on the ear. At 34/3 Ô C the fungus entered the eai- tip in one 
day and was present in the base by 4 days. Internal infection of the ear did not 
occur until 8 days after inoculation and the percentage of infection of kernels 
increased greatly between 28-32 days, when kernels moisture was < 32% 
(Payne et al. 1988). Epidemiological study of 2 ftmgus diseases Puccinia 
digitariae Pole Evans (a rust) on Digitaria criantha and PhyllacUara 
paspalicola on D. maximum ja.cq, ws undertaken by Rey and Gamett (1988). 
Both incidence (% leaves infected purtuft) and severity (%o leaf ai-ea infected) 
were recorded throughout the growing season in 1978/79 and 1979 / 80. Disease 
progress curve revealed growth on both rust tar spot through out the season 
with the maximum incidence (I) of rust reaching 59% in both season. Severity 
of incidence (S.I.) of rust attained a maximum of 0.24 in March 1980 and 
0.14 in December 1978. The highest tar spot occurred in February 1979. The 
relationship between (I) and (S.I.) were also determined. The rust on Digitaria 
criantha appeared to increase relatively more by (I) than (S.I) in 1978/79 and 
earlymonth of 1979/80 and later stage of disease development in 1980. Tarspot 
increased more by I relative to S.I. in 1978/79 but conversely in 1979/80. 
Comparison between disease progress curves of the 2 disease and between 
and seasons have also been presented. The influence of selected macro cimatic 
parameters on disease development is discussed. 

Chee (1988), reported that Corynespora cassiicola infected leaves of Hevea 
rubber and caused leaf fall. Leaves were most susceptible to infection for 
upto 4 weeks. Hevea clones differed in their degree of susceptibility, but 
immunity was common. Infection of leaf in the laboratory was correlated 
with field susceptibility. 137 clones were screened for resistance in both 
laboratory ahd field test. Conidia from RRIC 103-the most susceptible clone 
were particularly aggressive. None of the several hosts tested was infected by 
the isolates from Hevea. C. cassiicola released its spores from 08:00 and 
attained a peak around noon. It gradually fell to a very low level in the evening 
and remained low throughout the early hours of the morning. There was no 
clear cut seasonal pattern of spore rate in relation to rainfall. The results showed 
that in the region of Nevesinje, Gacko, Duvno and kupres had possible 
favourable conditions for very intensive development. In vegetation period 
the temperatmre were 12"C-16''C and rainfall was intensive with development 
of Puccinia graminis tritici at temperature of 16°C and development of 
Erysiphe graminis tritici on lower temperature. It proved to be a great flexible 
development on a spring wheat of Erysiphe graminis tritici (Boskovic 1988). 



Infected plant debris of soyabean stem have been reported to have very 
important role in epidemiology of Diaporthe phaseodorum var. caulivora. 
The fungus fonned in mass perithecia with asci and ascospores on infected 
plants debris of soyabean stem. During rainfall the vegetation determined the 
time of peritliecia occuning and the dynamics of ascospores discharge. The 
formation of perithecia and the Hberation of ascospores occmxed in temperatural 
intervals from 10''C-27°C with optimum between 20"C-25"C. The ascospores 
germinated at temperatures from 10*'C-32°C with optimum at 22.5"C. The 
fungus overwintered in soyabean debris on soil surface and formed perithecia 
in these plants debris in spring most frequently at the end of May or in the fust 
half of June. The beginning of ascospore discharged occun^ed 5-10 days after 
appeai'ance of perithecial neck on the stem of soyabean. The ascospores were 
discharged successively during all vegetation periods usually after abundant 
rainfalls. The ascospores were oozed through opening of the neck where they 
formed mucous. The ascospores were deposited on plants by rain-drops and 
wind. The infection of soyabean plants took place directly through leaf blade, 
petioles or stem wounds (Vidic and Jasnic, 1988). 

An integrated pest management experiment for the control of avocado root rot 
caused by Phytophthora cinnamomi was established in a commercial orchard 
at Allixco puebla (Mexico) in 1982. Avocado trees were severely pinmed. The 
flooding irrigation system was modified to watering individual tree basins. 
Chemical fertilisers were applied and aerial disease were controlled. 
Experimental trees were tested with fresh bovine manure, alfafa hay. Metalaxyl 
and their combinations. Incidence in time and space of Phytophthora 
cinnamomi in the root system of avacado tree was evaluated in 1984-85. 
Dynamics of fungus incidence and root growth followed a modified logistic 
model. Maximum rate of infection occurred at the beguining of August and 
coincided with rainfall. Bovine manure had the lowest infection rate in time 
and depth. Highest incidence of root pathogen occurred in the conti-ol tree 
whose management was not modified (Mora et al, 1988) . 

Chaudhury and Dhar (1988) reported that blast disease caused by Pyricularia 
oryzae is a serious problem of rice in Arunachal pradesh. Disease on foliage 
throughout appeared by end of April only, June was found to be the epiphytic 
period and there after foliage infection declined by its self. Flowering stage 
was found to influence the declining phenomenon. Bhaigava and Khare (1988) 
coixelated temperature and relative humidity index for the first time with disease 
build up. Initiation of foliage infection was recorded at 66 while. THI of 74 



and above was responsible for epiphytic. Sowing cliickpea on different dates 
did not significantly influence intensity of Alternaria blight. The pattern of 
disease development was similar in different planting dates. The disease was 
first seen at flowering stage when temperature were between 25-27°C and the 
relative humidity around 80%. Particularly tlie periodic rain with consequent 
high relative humidity, favoured disease development. Maximmn numbers of 
spores were trapped in field during the night. Environmental temperature 
influenced expression of red rot symptoms and its overall development in 
sugarcane. Under low temperature conditions, the susceptible cultivars behaved 
as intermediate and intermediate one as resistant. The age of sugarcane plant 
and high sugar content appeared to have no effect on red rot development in 
the internodal tissue. Under warm conditions, favourable to disease, the 
pathogen caused disease within 15 days of inoculation (Hiremath et al 1988). 

Mends andFUho (1989) reported monocylic parameters of been rust (L'ro777yce5 
phaseoli var typica) was quantified in growth chamber on two been cultivars 
for three temperature (17,21, 25°C), 2 types of leaves (uni and trifoliate leaves) 
andnine leafwetness period (0,4,7,10,13,16J[9,22 and 25 hrs). The expression 

. of disease was greatly influence by post inoculation temperature. The 
incubation and latent periods were shorter at 2 PC for both cultivaî s and leaf 
tj^es for both cultivars, trifoliate leaves were more succeptible than unifoliate 
leaves. A wetness period of at least 4 hours was required for disease to occur.. 
The maximum disease efficiency for both cultivars, occurred with 22 hr. of 
leaf wetness at \TC. The disease efficiencies for temperature of 17-29"C and 
leaf wetness period of 0-25 hrs were adequately described by a response 
surface model. Because of the great influence of temperature and leafwetness 
on infection, bean mst is unlikely to occur at high temperature (>25''C) and 
short leafwetness period (<7 hours). Rolando et a/, (1989) also reported that 
the level of infection by Puccinia psidi varied with temperature, leafwetness 
period and photoperiod. The highest disease index occurred at 20°C and 25"C 
after 24 hours of free water on the leaf surface. At 20°C, maximum infection 
was estimated at 31 h of leaf wetness; infection and uredospores germination 
(2% water agar) were inversely correlated with the length of hght exposure 
during the nucleation phase. Periods of light exposure greater than shows in 
the initial stage of infection incubation uredospores germination and infection 
by Puccinia psidi. Uredospore and teliospore production at 20 and 25"C was 
significantly gi'eater than at 30°C; at 15°C no sporulation occurred. The 
optimum temperature for infection was estimated at approximately 23''C. 



Klavis (1989) compared 2 years results of plot experiments and gave a first 

plot idea of the mildew {Eiysiphe graminis sp. honJel) infection behaviour of 

spring barley varieties with different overcome or infact resistance source in 

manufactured variety mixtures. The obvious relationship between infection 

of the mixture and its components turned out to be quite simple and constant 

during the limited test period. Components with overcome resistance seemed 

to influence only in a quantitative way with their specific susceptibility 

established in pure stands the infestation in mixture the overall level of 

components, retaining gradual varietal difference m susceptibility. The 

relationship between disease severity and the time of inoculum application 

was best described by cauchy distribution models. These models predict 

exponentially increasing disease incidence in plant exposed to inoculum from 

emergence to a maximum for those exposed to inoculum at 22 and 24 days 

(V, stage). Post planting plants exposed from the V, stage through the V, V,̂ , 

stage developed progressively less disease. Even a highly susceptible cultivar 

would not develop disease when exposed after the vegetative stage (Smith 

and Backman, 1989). Jang et al. (1989) observed that the results of spur ear 

blaze was more sensitively affected than fungi by increasing nitrogen 

concentration in stand culture. The optimum temperature for proliferation of 

Alternaria leaf spot was about 30"C and the infection was more expanded to 

lower leaves as humidity increased. As calcium concentiation increased, disease 

occunence showed a decreasing tiend in spur earl blaze, while potassium and 

magnesium affected positively in fungi variety. The severity of the south 

American leaf blight (Microcyclus ulecii)wcis quantified under field conditions 

during 1 year in Ponte nova-MG. A hygrothennograph in the experimental 

area was placed in order to register the relative humidity of the air and the air 

temperature. Also an aspergigraph was set to monitor free water on the leaf 

surface and a pluviometer to monitor rainfall. Disease severity was not 

significantly conelated with the total rainfall nor with the average or maximum 

temperature of the period but, it was positively correlated with free water on 

the leaf surface, relative humidity >90% and minimum average temperature. 

A negative correlation was found with periods of temperature < 20"C 

(Gasparotto e? a/, 1989). 

Temperature and duration of wetness period during the inoculation period 

influenced the development of shot hole disease on almond leaves caused by 

Wilsonomyces carpophilns (Stigmina carpophila). In conbfol enviromnent 

studies, a 14 hr wetness period resulted in 0.1 and 45.0 lesion per leaf after 10 



days at 8*̂ 0 and 22°C, respectively. Extended wetness periods during the 
infection period increased the number of lesion per leaf regardless of tlie 
temperature. Number of lesion increased as temperatui'e was increased from 
8" to 22''C for wetness period greater than 12hr. At 8"C, 4.7 and 45.6 lesion 
per leaf developed after wetaess period of 30 and 481ir. respectively, and at 
IS^C, 110.0 lesion developed at 15°C. After a wetness period of 281ir. 
temperature after the infection period influenced symptoms expression, the 
rate of lesion development, and lesion abscission, but notthe number of lesion 
formed. Lesion abscission, or shot hole, was significantly higher at 22''C (70.0% 
of lesion showing abscission) than at 8«C (0.3%) and IS^C (3.9%). Additional 
wetness period after an initial infection period resulted in a greater number of 
lesion and a higher disease index after 8 days at 8,15 and 22°C (Shaw et al. 
1990). Infection of wheat seedlings by Puccinia striiformis, f sp. tritici was 
investigated under both laboratory (constant temperature) and field conditions 
using 15 hours period of 100% relative humidity (Park, 1990). In laboratory 
studies infection decreased from 100% at 15.4°C to 0.8% at 20.5''C, and it was 
estimated that no infection would occur at or above 20.8+0.2"C. In confrast, 
high levels of infection occurred under field conditions even when temperature 
fluctuated within the range 19-30''C. An experiment was carried out under 
controlled conditions by using growth chambers at different temperatures 
.Fourty days old soybean plants (Parana Cultivar) were inoculatedlby using a 
uredospore suspension ofPhakosporapachyrhizi; after inoculation plants were 
kept in the wet chamber at 12, 16, 20, 24 and 28°C for different period of leaf 
surface wetness (0,3,6,12 and 24 hours). After that leaves were artifically 
dried and returned to the same temperature conditions without any leaves 
wetness period. Average number of lesion / cm^ and latent period of infection 
were determined. A multiple regression equation was estimated for the effect 
of the binomial temperature (T) length of leaf surface wetness period (DMF) 
on the number of lesion / cm^ of leaf area. The estimate equation was 
Y= -115.17 + 12.549 T-0.307T2 + 1-49 DMF - 0-045 DMF^ reported (Valefx 
etal, 1990). . 

Isotopes of Cladosporium allii and Cladosporium allii cepae grew at 20°C 
and 15-20°C respectively on 2-5% malt exfract agar and both species tolerated 
wide pH range with maximum sporulation of Cladosporium allii cepae 
occuiTed between pH 5-8-5. Cladosporium allii did not sporulate in the light 
in culture and grew more rapidly,in darkness. At least 8 hours darkness was 
necessary for optimum conditions of both fungi on lesion of leek but 
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conidiophores were produced in Ught and dark conditions after 2-12 hours 
incubation at >90% relative humidity. Radiation of 2W/m^ and 3 W/m^ (the 
approximate equivalent to sti'ong moon light) prevented conidiation of C. 
allii and C. allii cepae respectively. Relative humidity of 95-100% increased 
sporulation of both fungi and leaf lesion. Laboratory and field experiments to 
measure the effect of temperature, light and relative humidity on spomlation 
showed that maximum spomlation of both pathogens ond leaf lesion occuiTed 
in the late autumn (Nov-Dec) and secondary peak in the early spring (March-
April). The pattern of spore release for both fungi was similar with maximum 
and minimum concentration of conidia recorded during late morning or early 
afternoon (Jordan e/a/. 1990). 

The development of sheath blight caused by Rhizoctonia solani Kuhn under 
different culture conditions was studied. Plants appeared to be most susceptible 
atpanicle initiation booting stage with more severity in symptoms and extent 
of damage during the Aus (Mai-ch-July) season. The rate of lesion length 
development was high during the 3 days immediately after initiation of infection 
and it decreased with time after infection. Varieties differed in lesion length, 
developing higher in susceptible than in moderately resistant cultivars. 
(Shahjahan et. al. 1990). Quantification of disease progress and the effect of 
rainfall and temperature variable on Phytophthora blight of pepper [Capsicum 
annum] caused by Phytophthora C(7fj'/c/ was carried out by Bowers et al. 
(1990). From point source of inoculum (diseased plants) the incidence of 
disease was observed to speread outwards over time to the central, primary 
foci. Disease progress was observed to be influenced by rainfall and movement 
of water soil and plastic mulch. Path coefficient analysis was conducted to 
determine which rainfall variables and relatively large, direct or indii"ect effects 
on the incidence and the rate of disease progress without the confounding 
influence of multico linearity. The cumulative amount of rainfall had the largest 
absolute direct effect on one trial. The cumulative number of days with rainfall, 
the cumulative daily average temperature and chronological time had far lesser 
effects indicating their lack of influence on disease progress. After inoculation 
of winter wheat (v. longbow) a single time, lesion Mycosphaerellagrammicola 
were produced over long intervals starting 15-35 days after inoculation 
dependent on temperature. There were no evidence that a single infection 
gave rise to more tlian one lesion. After the initial infection period at 100% 
relative humidity keeping leaves wet for 10 hom ŝ / day did not shorten latent 
period on seedling. Experiments in controlled enviroment chambers 
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demonstiated a minimum latent period at approximately IT^C. Vaiiation in 
the latent period of individual lesion was also minimum at this temperature 
the latent period varied according to the cultivars tested.cv. longbow having 
the shortest cv. Avalon having almost the longest field obsei-vation broadly 
confiiTned the results of experiments in constant envu'onment (Shaw, 1990). 
Singh and Pande (1991) investigated the exact correlation between weather 
conditions and the iQcidence of Pyricularia spore in the an- and an incidence 
of leaf spot disease of bajra (Pennisetum typhoides) usuig conventional spore 
trap. The maximum concentration of Pyricularia spore in the air and the 
incidence of disease at boot leaf stage of crop coincided with seed forming 
stage of the crop. They suggested that this clearly indicated an impact of 
environment parameters on the incidence of leaf spot disease as compared to 
the crop grov^h stage. Kapoor et al. (1991) reported that ascospores of 
Sclerotina sclerotiorum are disseminated by air currents and initiate infection 
of cabbage seed plants. The leaf scar left behind oh the stump region owing to 
the detachment of senile leaves and blossom are preferential sites of infection 
by ascospores however, maximum infection occurred during flowering stage.-
The infection restiicted to the above ground parts and on soil level. 

The influence of cultural factors on mildew (Erysiphe graminis) development 
was analysed and quantified on the basis of data collected by state run plant 
protection institution. Mildew development was promoted by water saturated 
soils and sheltered locations preceding crops oats rape, potato legumes (only 
influence on the early infestation) ,vegetables (only influence on early 
infestation), plant emergence not later them 30 September and nitrogen 
fertilization exceeding 140kg / ha (exception loess soil). Mildews development 
is inhibited by alluvial soil preceding crops-winter barly, spiing barley, legume 
(only influence on late infestation), plant emergence later than 1st October, 
nitrogen fertilization less than 80kg / ha (on less soil more than 140kg/ ha) 
plant density less than 400 ear bearing culms/ m^ (Eberhard, 1991). Formation 
of primary, secondary, tertiary hypae, mycelial growth and production of 
conidiophores and conidia of Uncinula nector were very rapid at 25''C followed 
by 20^0 and SCC. There was no powdery mildew development at 35"C and 
40°C. Some conidia successfully established host parasite relationship even at 
a low percent relative humidity, but the extremely low r.h. adversely affected 
the growth of tlie pathogen on the host, higher hmnidity levels but below 
saturated atmosphere seemed to favour the development of primary, secondary 
arvd tertiary hyphae of the pathogen (Munshi and Singh, 1999). 
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Chakraborty et al. (1995) studied the factors associated, with conidial 
germination and appressoria formation of Glomerella cingulata causing the 
brown blight disease of tea {Camellia sinensis). Maximum spore germination 
and appressoria formation were evident at 24 hours incubation period. At a 
concentiationofconidia- IxlOVml, 10 days old culture, G. c/ngw/ato exhibited 
maximum germination and appressoria formation. A maximum production of 
lesion was also evident on detached tea leaves at this spore concentration and 
in diffuse light. Diffusates of a phenolic mature collected from tea varieties, 
susceptible and resistant to G. cingulata inhibited spore germination and 
appressoria formation. Diffusates from resistant varieties were more fimgi 
toxic than those from susceptible varieties. Some phenolics known to be present 
in tea leaves, when tested in vitro, exhibited varying degrees of fimgitoxicity. 
Pyrogallol totally inhibited spore germination, while pyrocatechol and 
phloroglucinol completely inhibited appressoria formation. 

Detailed studies were undertaken an various epidemiological factors affecting 
white rust disease development of mustard hy Albugo Candida (Kumar et al. 
1995). Older leaves were more susceptible than the younger leaves. Older 
leaves showed symptoms 4 days after inoculation with disease intensity of 
11.2% as compared with younger leaves which showed symptoms 6 days 
after inoculation with disease intensity of 5.7%. On lower surface the symptoms 
appeared 3 days after inoculation while on upper surface it appeared 5 days 
after. Panwar et al. (1995), reported that under Haryana conditions ergot 
appeared during 2nd week of September, when mean temperature was 27.9°C, 
r.h. about 89%. As the mean temperature increased (above 30"C) ergot did not 
progress inspite of high r.h.. When mean temperature was about 25"C and r. h. 
about 75% it progressed significantly and high disease intensity was recorded. 
Mayee (1995) reported that infection rate of ground nut rust reaches 0-20 to 
0-35 unit per day during August to October which is governed by temperature 
of 22*̂ 0 to 25^0, infrequent rain not exceeding 100 mm in a week and r.h. 
above 80%. (Sidhartha et al. 1995) reported that the epidemiological studies 
taken upon kamal bunt (Neovossia indica) of wheat revealed that the density 
and the viabiUty of teliospores were reduced with the increase of soil depth. 
Effect of snowing and thawing also showed that chilling reduced viability of 
teliospores and prolonged the germination period. Therefore the chance of 
disease occurrence where snowing occurs are very rare. The diumal periodicity 
in release of secondary sporidia was observed which showed that maximum 
sporidia were released between morning hours 2-0 - 6-0 AM under high r.h. 
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and leaf wetness. The sporidial release was negatively correlated with solar 
radiation and wind speed. The sporidial count was more at lower heights during 
last week of February 1st week of March, which coincides with the anthesis 
period of crop. Low temperature (IS^C) before inoculation predisposed the 
host to infection, whereas an optimum post inoculation temperature (18"C) 
was favourable for spread of disease. Moses (1995) observed that bararas and 
gola the cultivated varieties of ber (Zizyphus mauritiana L.) were affected by 
mouldy leaf spot {Psariopsis india var. zizyphi) and powdery mildew (Oidium 
sp.). Mouldy leaf spot appeared during Oct-Nov when the temperature were 
moderate with high r. h.̂  rainfall and cloudiness. The disease had inverse 
correlation with temperature and positively correlated with r.h..The incidence 
of powdery mildew was correlated with moderate temperature and r.h. .The 
disease continued to appear in spite of regular pruning because of its survival 
on the collateral hosts. Figueroa et. al. (1995) reported that the effects of 
temperature on the development of light leaf spot {Pyrenopeziza brassicae) 
on winter oil seed rape were investigated in controlled environment 
experiments. The proportion of conidia which germinated on leaves, the growth 
rate of germ tubes, the severity of light leaf spot and the production of conidia 
increased with increasing temperature from spot. Lesion decreased when 
temperature increased from 5-15''C. The time to 50% germination of conidia 
and the inocubation and latent periods of light leaf spot lesion decreased when 
temperature increased from 5- 15''C. At KfC, however, light leaf spot severity 
and production of conidia were less and the incubation and latent periods were 
longer than at IS^C. There were difference between Pyrenopeziza brassicae 
isolates and oilseed rape cultivars in the severity of light leaf spot, the production 
of conidia and the length of the incubation period but not in the length of the 
latent period. The responses to temperature for lesion severity and incubation 
and latent periods appeared to be approximately lineai" over the temperature 
range 5-15^0 and could be quantified using linear regression analysis. Web 
blight of moth bean (Vigna acontifolius) caused by Thanqtephorus cucumeris 
(Fr) donk occurred through soil, seed and naturally infected collateral hosts. 
Secondary spread of disease was due to basidiospores and contact between 
diseased and healthy plant part. Plants got infected at any stage of growth but 
30-60 days plants were highly susceptible. 25-28*^0 temperature and 85% or 
above r.h. were favourable for disease development and basidiospore 
production (Dwivedi et al. 1995). The progressive development of powdery 
mildew {Eiysiphepolygoni DC) on 33 mungbean {Vigna radiata L. wiltczet) 
and 18 urd bean {V. inungo L. Hepper) varieties was most rapid during winter 
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1991-92 and 92-93 when the average maximum temperature varied from 27-4 
- 34-3"C, r.h. from 67-9% during morning and 12-38% during noon and wind 
velocity from 2-3-4-1 km/hr.. There was positive correlation between mildew 
severity and temperature and wind velocity in most of the-varieties. How^ever 
the correlation with r.h. was negative and significant except few varieties. 
The pooled infection rate / unit/ day on mung bean CV. N. 89047 and urdbean 
CV, AKU4 was less then 0-1 with disease score of 9 and 7 respectively as 
against highest infection rates of 0.323 (mungbean) and 0.317 (urdbean) on 
susceptible varieties (Thakur and Agrawal, 1995). The influence of weather 
factor on development of leaf spot of sunflower caused hy Alternaria altemata 
was studied under field conditions during kharif 1990 and 1999. The most 
important weather factors favouring disease development were the temperature 
and relative humidity ranging from 27-29"C and 78-80% respectively, whereas 
rainfall did not affect the disease development because it was erratic and 
abnormal during both the years. The disease intensity was the highest in the 
last week of August in both years there after there was a gradual decline in 
disease severely (Kumar and Singh, 1996). 

Botrytis allii colonies incubated at low temperature have been reported to 
produce larger conidia that germinate faster and give rise to long germtubes 
than those grown at room temperature. A comparative study was made on 
effect of conidia produced at 20*̂ 0 and at 0 and 2°C on their pathogencity to 
artificially inoculated white onion bulbs and effect of conidial concentration 
(5x10^ and 5x10* conidia / ml) on disease incidence, lesion area, incubation 
and latent period during storage temperature and periods tested. Conidia 
produced at -2"C caused a higher disease incidence and larger areas of rot 
than those produced at higher temperatures, when the conidial producing 
duration of incubation on the bulb inoculated with 5x10'* conidia / ml was 
more (Beitolini and Tion, 1997). The pathogenic variability of the barley scald 
fungus Rhynchosporium secalis in Central Norway was examined by Salamati 
and Tronsmo (1997). The climate in this region was reported to be usually 
cold and wet during the growing season of spring barley and leaf blotch is 
prevalent causing significant yield losses. Forty two isolates of the fungus 
from naturally infected spring barley in 4 countries, were differentiated into 
32 pathotypes by the standard differential set for R. secalis. All pathotj^es 
were complex and virulent for 9 to 22 differentials. The cultivais osiris was 
resistant to all isolates tested. The cultivars (•1-8162, Hudson, Atlas-46 and 
C-T3515 were resistant to the majority of the isolate. Several differentials 
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with various resistance genes were susceptible to up to 100% of the isolate. 
Isolates were derived from local cultivers with no known resistance genes 
suggesting that Rhynchosporiwn secalis in Central Norway are characterlized 
by the high degree of seemingly unnecessary pathogenicity. 

The growth and sclerotial formation of Sclewtinia was foimd to be within the 
temperature range of lO-lS^C, optimum being at 20-25''C. However a 
temperature range of 15-20''C was found to be the most favourable for number 
and dry weight of sclerotia whereas size of sclerotia was maximum at 5"C and 
progressively decreased with the increase in temperature. One or two months 
duration of preconditioning showed increased myceliogenic and carpogenic 
germination. Ascospores started germinating in 4 hours within a temperature 
range of 5-25°C optimum being at 20''C. Longer the incubation period better 
was the spore geimination even at sub optimum temperature of 12''C. Sclerotia 
ofS. sclerotiorum were found to survive more than one yeai" in soil, sclerotial 
gennination and decomposition showed decreasing hend with increasing soil 
depth under wet humid conditions, whereas both were reverse in snow bound 
areas (Shaima and Kapoor, 1997). 

Khaie et al. (1997) reported that powdery mildew severity was positively 
correlated with maximum temperature in all the varieties while only in some 
varieties with minimum temperature. Non significant correlation between 
disease severity and r.h. was found in all varieties whereas some vaiieties 
showed positive and significant correlation with sunshine. The powdery mildew 
incidence reduced grain yield of a susceptible vaiiety PS-16 significantly, 
compared with other varieties. This is because PS-16 got infected at the 
vegetative stage while other varieties showed symptoms at much later stage. 
Because of late infection the grain yield of the remaining varieties was not 
affected. 

The incidence and progress of cucumber mosaic cucumo vims (CMV) in 
commercial brinjal, chilli and tomato crops" around Tirupati, chittor distiict, 
Andrapradesh during 1992-94 kharif and rabi season ranged from 9-21% ki 
the young crops (10-15 days after transplanting) and progressed upto 74-86% 
as the crop aged. There was no significant difference in the incidence and 
progress of CMV in the 3 crops between kharif and rabi season (Kiranmal et 
al. 1998). 

Models of a banana bunchy top viras disease epidemic were developed to 
incoiporate the 2 key featiu'es of an epidemic in a plantation in the Pliilippines-

I4ai2# liMlilCDt 



. 1 6 

an exponential increase in disease over 10 years and a declining gradient of 
incidence from the outside edge of the plantation to the centre. A non spatial 
model consisted of 3 different equations to describe the numbers of latently 
infected and of infections plants in the plantation and the size of inoculum 
source out side the plantation. In a spatial model the outside portion of the 
plantation was divided into 8 block running parallel and to the out side edge. 
The dispersal gradient of the inoculum was assumed to be negative exponential. 
Analysis of the 2 models showed that for disease incidence to increase 
exponentially over time, the rate of disease progress could be dependent either 
on internal spread and growing rate (proportion of diseased plants removed 
and replaced per unit time) or on the rate of increase of external inoculum 
pressure (Smith et al. 1998). 

Didymella rabici grew saprophytically on pieces of artificially and naturally 
infected chickpea stem debris under artificial incubation conditions and formed 
pseudothecia and pycnidia. The extent of growth was not significantly affected 
by temperature of incubation within the range 5-25"C but was significantly 
reduced as relative humidity decreased from 100% to 86% when no growth 
occurred. Pseudothecia matured at lO^C and constant 100% relative humidity 
or at 5 and lO^C and alternating 100% / 34% relative humidity under these 
conditions. Pseudothecial maturations, assessed by a pseudothecia maturity, 
index increased over time according to the logistic model. For temperature 
higher then 10"C or relative humidity lower than 100% pseudothecia either 
did not form ascosporest or ascospores did not mature and their content 
degenerated (Cortes et al. 1998). Gupta and Singh (1999) compared relationship 
of enviionmental factors with downy mildew development in pearl millet. 
Under dried climate % disease incidence (PDI) at 25 days after sowing (DAS) 
has positive con-elation with relative humidity and albedo (%) and negative 
correlation with global radiation. At 70 DAS, PDI showed a negative 
correlation with global radiation, incoming short wave solar radiation net 
radiation, soil temperature and sunshine but positive with relative humidity. 
Maximum disease incidence was observed in the crop grown below Netlon 
shading net as it provided conducive enviroimient for pathogen development 
on account of drastic reduction in global radiations (86.9%), incoming short 
wave solar, radiation (88.7d.), net radiation (77-7%), temperature of surface 
(12-7"C) and subsoil (8-8''C). As compared to open field relative humidity 
was also maximmn (79-4%). 

Mittal (1999) reported tiiat, anthracnose caused by Colletotrichum truncatinn 
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(Schwein) Andrus and Moore was the main disease observed during the study 

of leaf spot caused by Cercospora canescem Ellis and Martin and C. cruenta 

sace were also obseived in all the tested years, but developed and spread late 

in the season. Roger et al. (1999 a) reported that the effects of temperature (5-

30°C) and the duration of moisture on the development of ascochyta blight 

(Mycospha crellapinodes) on pea seedling, grown under controlled conditions, 

were investigated. The optimum temperature for monocyclic processes was 

20"C. At the temperature pynidiospores genninated after 2 hours, appressoria 

fomied after 6 hours and the germtube penettated the leaf cuticle after 8 hours. 

Disease symptoms were evident after 1 day of incubation and the 1 st pycnidia 

formed after 3 days. Longer wetting periods were required for disease 

development and pycnidial formation at non optimum temperature. Disease 

severity and the number of pycnidia formed on leaves increased with 

temperature from 5to 20"C then decreased between 20 and 30"C, Roger el al. 

(1999 a) further reported that the effect of interrupted wet period on 

pycnidiospores of Mycosphaerella pinodes was studied by assessing spore 

viability, infection and disease development on pea seedlings. Pycnidiospores 

sui-vived dry periods of upto 21 days after inoculation. Re wetting restored the 

infection capacity of the pycnidiospores resulting in high levels of disease. 

The effect of dry and wet cycles depended on when the dry period occurred 

during tlie infection process. No disease symptoms appeared when dry periods 

occurred during germination; a low level of disease occurred after rewetting 

in high relative humidity if the interruption of the wet period was long. (Roger 

etal. 1999 b). 

Lukose el al. (1999) studied the effect of rainfall on development of downy 

mildew disease on different pearl millet lines. The percentage of lines with 

downy mildew disease on the 30th day of the crop increased with an increase 

in rainfall. The lines which recorded an increased percentage of disease during 

the period from 30 to 60 days after sowing were rainfall significantly less in 

the years of maximum and minimum rainfall. Lines with reduced percentage 

of disease and the lines in which the disease incidence remained constant were 

higher in the years of drought and higher rainfall. Suggesting that such 

conditions considerably reduced the secondaiy spread of disease. Significantly 

less percentage of lines with green ear in the year of higher rainfall established 

that the development of system infection was suppressed under such condition. 

Studies were made on the effect of tlie soil moisture, temperature, relatively 

humidity (r.h). and age of inoculum and host plant on chaicoal rot development 



in cowpea caused by macrophomina phaseolma,(Sandhu and Singh, 1999). 
They obtained that unfavourable soil moisture, low (40%) as well as high 
(100%), for sowing of cowpea caused maximum pre-emergence rot, but post 
emergence mortality of seedling was maximum only under moisture stress 
contition (40% soil moisture). The optunum temperature SS^C for growth of 
the pathogen also favoured the maximum disease development under artificial 
inoculatin. There was no positive correlation between soil moisture and r.h as 
regards their influence on seedling mortality. It was regards their influence on 
seedling mortality. It was found that younger the pathogenic culture, more 
aggressive it was in infecting the seedlings, while the susceptibility of the 
crop increased with the increasing plant age. 

2.2. Factors affecting fungal growth in vitro 

Singh et a/. (1987) investigated the effects of temperature, r.h. and light on 
sporangial production of the Pearl millet downy mildew pathogen. The process 
of sporulation was completed in about 6 hours and high r.h. (95-100%) was 
essential only during the last 3 hours. Maximum sporulation occurred when 
infected leaves were incubated for 6-12 hours at SÔ C prior to exposure to 
high r.h. 

Rao et al. (1987) observed the effect of temperature on conidial germination 
and geimtube growth of 6 Peronosclerospora sorghi isolates collected from 
maize in Arsikere' Bylakuppe. Dharwan Hyderabad ICRISAT kadur and 
Mysore. The isolates varied in their temperature requirements for both conidial 
germination and geimtube growtli. An isolate from Mysore showed increased 
conidial germination than isolates from other localities at all temperature. The 
varied temperature requirement of different isolates of tlie pathogen indicated 
the adaptation of the isolates to different environmental conditions. Penaranda 
et al. (1988) studied the effect of temperature upon the mycelial growth 
sponilation and the infection of Phytopthora nicotianae var. parasitica in 
tomato fruits. Between 16 and 36"C the growth reached the greatest values, 
laying the optimum near 28'̂ C. The best sporulation was measured near 28^0 
and no infection was observed at 14,15 and 16''C, in the small plants inoculated. 
The fruits infection occurred between 20 and 32°C, lying the optimum near 
28«C. 

It has been reported by Dillard (1988) that the germination of conidia of 
Colletotrichum coccoides was greatest at 22^0 after 24 hours. Conidia did not 
germinate at TC after 24 hours and <70% of the conidia geiminated at 3 l^C. 
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Germination of conidia and growth from sclerotia were optimum atpH6. Water 
agar was osmotically adjusted using either Kcl, Nacl, Cacl2 or sucrose, and 
maximum germination of conidia and growth from sclerotia occurred at the 
highest osmotic potentials (-510-isobars). Little or no germination of conidia 
occuiTed at -45 bars except when Cacl^ was used to adjust the osmotic potential 
of the medium. 

Rewal and Grewal (1989) recorded that minimum, optimum and maximum 
temperature for germination of conidia of all 3 strains of Botrytis cinerea 
were found to be 5, 20 and SO^C. Mycelial strain B^ showed more then 50% 
germination at lO-SO^C, sclerotia strain B^ at 15-25''C and sporulating strain 
Bj at 20-25"^C. Maximum conidial germination of strain Bj was recorded in 
continuous Ught, stiain B^ in alternating 12 hours of light / darkness and of 
strain B^ in complete darkness. Strain B, needed 93-100% strain B^ 81-100% 
and strain B^ 75-100% r.h. for their conidial germination. The inhibitory effect 
of catechins on the spore germination of Cochliobolus miyabenous was studied 
for (-) - epicatechin (EC), (-) - epigallocatechin (EGC), {-) epicatechin-3 gallate 
(ECg) and (-)- epigallocatechin - 3- gallate (EGG3) by Mukai et al (1989). C. 
miyabeanus was inoculated on the leaves after spraying of EGGS solution 
(1000 ppm) on the leaves of rice plants grown in a greenhouse. Protective 
effects was measured by the number of disease spots on rice leaves. Activity 
of the synergistic effects of caffeine on spore germination was investigated 
using mixture having equivalent amount of caffeine of each EC.EGC. ECg 
and EGCg. 

Piza and Ribeiro (1989) evaluated the effects of 5 temperature, 5 kinds of 
water and 7 incubation periods on germination of uredospores of Puccinia 
psidii.The data indicated that temperature within 15 and 18'̂ C, dew chamber 
for atleast 6 hom ŝ and distilled water with sterilization were the best conditions 
for uredospores germination. Studies on Septoria tritici revealed that the 
sporulation in submmged culture and the use of molasses com culture media 
in submurged culture made it possible to increase conidial yield in the medium 
by 7 times compared with potato sucrose mediimi. S. tritici inoculimi obtained 
on submurged molasses com culture medium was used for preparing infectious 
material (Davydov e/a/. 1989). Themts and Ogawa (1989) compared sui-vival 
of myceliaand sporangiospores ofMucorpiriformis (T^alifomia isolate) [CA] 
and chile isolate [CH] at temperatures of 35-60"C. The thermal death point of 
the mycelia and sporangiaspores were 46" and 55°C respectively, for isolate 
(CA and 43°C and 52"C, respectively for isolate CH. After 2 days incubation 
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at 25"C, both isolates exhibited yeast like growth on agar medium; 
sporangiospore was erratic at 27''C and, when subsequently kept at 25''C, 
germtubes were abnormally swollen and produced no viable colonies. 
Reduction m viability was greater in wet than in dry sporangispores. , 

Nawal and Ho (1990) reported that mycelial growth of Ganoderma boninense 
(from Elaeis guineensis) from floating inoculum disks inoculum in flask swirled 
daily was significantly more abundant than that from submerged inoculum 
disk in static flask. The optimum temperatures for mycelial growth in both 
solid and liquid media showed an initial lag phase of little growth (1-3 days), 
then a phase of rapid growth (6-8 days) and finally a phase of autolysis and 
decline in dry weight. It has been reported that during growth of Pythium sp. 
the pH of the medium changed correspondingly with the changes in the growth 
pattern. As mycelial growth increased, the pH of medium decreased and when 
mycilial growth decreased during prolonged incubation pH of the medium 
increased, optimum pH for myceUal growth was between 3-7-5-8. Inqune and 
Takio (1990) reported that - MES [2-(N morpholiono) ethanesulfonic acid] 
had a superior buffering capacity for two species of Pythium although the 
phosphate buffer had relatively high capacity. Optimum pH range for inycelial 
growth by MES (50 mM) was considered at about 4-5 or a slightly higher 
value for Pythium paddicum and about 5-5 for P. iwaymi. High humidity and 
temperature at 20-25*'C were most conducive to white mould of pea (Pisum 
sativum L.) caused by Sclerotinia sclerotiorum (Ub), which causes 10-70% 
losses in potential seed yields. Senescent flowers and other dead ends of the 
plants parts were' the convenient invading foci for the pathogen to start the 
initial infection. Out of fungicides tried, bavistin followed by benlate and 
captan provided the best control by reducing the disease incidence and 
increasing the seed yields (Sharma and Munshi,'l990). The growth and 
sporulation of Alternaria brassiceae was found to be influenced by temperature, 
r.h., pH as well as exposure to light and darkness. The growth and the 
sporulation occuixed at 5-30^0 being greatest at 23''C, Alternate light and 
darkness was better for the r.h. levels tried; gradual increase in r.h. 
correspondingly, enhanced the mycelial growth and sporulation being the 
optimum at 95-100% and the maximum at 100%. Mycelial growth occurred 
at all the pH levels tried, the higher being at 6.5. An increase or decrease from 
this level (pH 6.5) gradually suppressed the growth and sporulation was noticed 
at all level except 2.9 and 9.2 (Nisar et al. 1990). Hywel and Gillespie (1990) 
studied the growth of Metarhizium anisopliae and Beauveria brassiana at 20-
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30°C. The lag phase for M anisopliae strains was generally less than for B. 
brassiana at given temperature arid dependent, on temperature. However B. 
brassiana strain 206-85 had a very short lag phase that was independent of 
temperature. The germination rate was species dependent withM anisopliae 
strains having faster rate than B. brassiana. The combination of germination 
rate and lag phase resulted inM anisopliae strains having higher (germination 
levels (95% 10-14h) compared with the best B. brassiana strain (206-85-
95% germinated in 14-15h). The results demonstrated intraspecific difference 
in the germination response which the authors feel should be considered when 
selecting isolates for development as myco insecticides. Spore germinatin of 
Colletotrichum graminicola, the causal agent of anthracnose of sorghum was 
obtained only after 2 hours of incubation; maximum spore germination was 
seen in host seed extract followed by glucose and sucrose solution. The 
germinated spore produced hyaline germtube with spherical or pyriform 
appressoria. Cultural studies on different solid media showed that the PDA 
and host seed extract agar were good for growth and sporulation. In liquid 
media there was increase in growth of the fungus up to eight days of incoulation 
and there was decrease in growth from nine day onwards. Temperature 
requirement of fimgus in culture showed 30°C was good for both growth and 
sporulation and 35''C was good for growth of fungus. The fungus exposed to 
alternate cycle of light and darkness produced maximum growth and 
sporulation when compared to continuous light and continuous darkness, 
(Safeeula and Ranganathan, 1990). Growth, sporulation and production of 
oospore of Peronospora parasitica were found to be dependent on 
environmental factors such as temperature, light, pH of medium and age of 
culture. Optimum temperature of 23*̂ 0 was required and chilling had no marked 
effects on oospore germination. At pH 7.5, 42%..germination was recorded 
while atpH 4.5 only 1% of oospore germinated. Germination increased with 
increase in their age (Jang and Safeeula, 1990). 

Studies on factors affecting growth of Rhizoctonia bataticola, causing root 
rot of Okia showed that group Gj produced maximum growth at temperature 
of 20" to 30°C. Maximimi growth of group G2 was recorded at 24 to 35^0 
whereas group G3 showed maximum growtli at 35^0. The pathogen grew over 
a wide range of pH. Growth was less at pH4 and 5 in all the 3 groups. G, 
produced significantly higher growth at pH 6 and 7, whereas the growth of G2 
and G3 was maximum at pH9. A tendency of the pathogen to bring pH to 
neutrality was observed in all the 3 groups (BrarandBedi, 1991). Ando (1991) 
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reported that tlie tea brown bhght fimgus Glomerella cingulata, on culture 
medium formed conidia. i-e acervulus. Free conidia were derived directly from 
the tips of hyphae and not form acervuli. The conidia were morphologically 
similar to those derived from acervuli on the host, the germination pattern and 
subsequent formation of appressoria were similar to those of the conidia derived 
from acei-vuH. The acervuh free conidia were formed abundantly in shaking 
culture with potato sucrose medium, which was suitable for the mass production 
of the conidia of G. cingulata. Verma (1991) isolated 4 isolates Î  l2and I3 of 
Corticium salmonicolour berk the incident of pink canker disease from diseased 
twigs of apple, lime and pear respectively obtained from different parts of the 
country. The isolates were studied for their comparative abihty to utihze various 
carbon, nitrogen and vitamin source and pathogenicity of apple. The isolates 
were found to show a significant variability in their physiological behaviour. 
Okhovat and Hedjaroude (1991), reported the effects of environmental factors 
on sporulation of Pyricularia oryzae. Studies showed that the number of 
trapped spores increased in June and reached their maximum in July. During 
these times the plants were at tillering stage and susceptible to the diseas. 
Correlation between the stage of plant (x) and leaf lesion (Y) during 1979-80 
was Y= 1227.34-10.948x, r=0.73. 

Murray and Campbell (1991) reported that the sporulation by Cephalosporium 
gramineum on mineral salt agar (MSA) containing phosphate or citrate 
phosphate buffer was greatest at 20 and least at 5°C, which corresponded to 
the temperature for greatest and least hyphal growth respectively on this 
medium. Sporulation on oat kernels artifically colonized by C. gramineum or 
on natmally colonized wheat straw on or buried 2cm below the soil surface 
was two fold to three fold greater in soil pH 4.5-5.5 that at 6.5-7.5. In contrast 
to effects of temperature in vitro, sporulation by C. gramineum on oat kernels 
on soil was 28 fold to 50 fold greater at 5 than at 15°C sporulation on oat 
kemals or straw on soil increased from two fold to 10̂  fold as soil metric 
potential decreased from - 0.001 to -0.07 times. Greater sporulation of C. 
gramineum. at low soil pH may partially explain why Cephalosporium stripe 
is more severe in acid soils (pH 4.5-5.5) than in soil of higher pH. However 
the influence of soil matric potential on sporulation observed in this study was 
not consistent witii high soil moisture contents. 

Ahuja (1991) reported that incidence of jowar rust infection was observed at 
growtli stage of jowar even after harvest on ratoon fillers. Infection resulted in 
heavy losses due to its distorting effects on leaves and general weaking of the 

http://1227.34-10.948x
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plants. Air bom urediniospore were found to be mainly responsible for the 
development of epiphytotics causing immense loss in grain and fodder. 

Trichoderma viride and Aspergillus nigerwere identified as potential anlagonist 
of Fusarium solani (Mart, sacc.) causing antagonist muskmelon wilt by 
Asalmon et al. (1991). In vitro studies on temperature and pH requirements 
of these three individual organisms and combined effect of temperature and 
pH on their antagonism were carried out. Optimum temperature and pH for 
growth of the individual organism were found as SO Ĉ and 7-4 for F. solani, 
35°C and 4-2 iox A. niger and 25^0 and 5 for T. viride. Antagonism, when 
measured by inhibition zone technique revealed that there was no inhibition in 
acidic range of 4-2 to 5 pH and 30*̂ 0 with both the antagonistic organisms. 

Shaima and Gupta (1991), reported that conidia of Podosphaera leucotricha, 
incitant of apple powdery mildew germinated on glass slide after 6h.at 
temperature ranging from lO-SO^C with maximum germination at 20°C. The 
optimum temperature for germtube growth was 25°C followed by 20°C. 
Conidial germination initiated at 96% r.h. with maximima obtained at 100% 
r.h. The germination of conidia however, in vitro was erratic and poor. No 
germination was observed in free film of water. 

Mishra and Gupta (1994) observed that maximmn radial growth, sporulation 
and spore germination of Colletotrichum dematium occurred at 27*'C as 
compared to 20, 25, SO^C. But the same counts were highest of all at 100% r.h. 
at room temperatui^e (28+2"C) as compared to incubation at other temperature 
done and at room temperature with 80, 85, 90% r.h.. Maximum increase in 
lesion size was obtained with continuous light at room temperature as compared 
to alternate light and daî k and total dark followed by room temperature with 
100% r.h. and 25^0 temperature alone. Increased spore of C dematium was 
ti-apped at drizzling rains, 28.1 PC temperature and 81.78% r.h.. Spores trapped 
at 1 PM were found in decreasing trends in later hours of the day. Sahi-an and 
Meel (1994), reported thatAlternaria blight of sunflower caused by^. helianthi 
(Hansf) Tub & Nishihara is an important disease dm'ing kharif season imder 
Haiyana conditions causing considerable yield losses. In the spore germination 
study, 25^0 temperature and 90% r.h. was found best. Leaf exudates from 
resistant cvs adversely affected conidial gennination. 100 ppm glutamic acid 
concentrateion was best for maximum spore germination but cystein and 
glycine adversely affected spore germination. Injury was essential for maximum 
infection and disease development. Older plants (60 days) at anthesis stage 
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were most susceptible. Three hours of leaf wetness and 25'̂ C temperature was 
most congenial for maximum disease development. Rapid progression of 
Alternaria bUght was recorded during the period when temperature was between 
24.3 to 32.200 with r.h. of more than 85%. Prashar and Sood (1994) reported 
that soyabean seedlings inoculated with spore suspension (6.25x10^ spore / 
ml) were incubated at 20±1, 24+1, 28+1, 32+1 and 34±PC for 12, 24, 30 and 
48 hours and high humidity was maintained by covering the seedlings with 
glass chimnies lined with moist blotting paper. The inoculated seedlings were 
observed for the appearance of disease for 20 days. The brown spot development 
occurred between a temperature range of 20"C to 3 200 with a minimum duration 
of 24h of leaf wetness. The number of spots per leaf increased with the increase 
in duration of leaf wetness. The maximum number of spots were formed at 
24''C with all the duration of leaf wetness. Brown spot did not develop with 
12h leaf wetness and also at 34''C. 

In vitro spore germination studies using aqueous and alcohol leaf leachates 
showed that the % of spore germination in cv. CLI-317 was low than in cv. 
Armoor. This indicated the presence of alcohol soluble fungitoxic subtance in 
the leachates of vacuum concentrated and TLC separated leachates that 
developed black spot with a RF value of 0.4. These may be terpenes that proved 
highly fungitoxic (Reddy et al. 1995). Dartar (1995) reported that 6 fimgi viz. 
Alternaria alternata, Aspergillus niger, Fusarium rnoniliforme, Fusarium 
solani, Drechslera australiensis, Colletotrichum capsici were associated with 
chilli fruit rot of and were patibogenic when artifically inoculated. Of these 
fimgi ^. niger, D. australiensis andF. ^o/aw/causing fruit rot of chilli constituted 
new host records from India. Fruit rot development by all the fungus pathogens 

, was completely arrested v/hen inoculated chillies were kept at 0 and 5*̂ 0 while 
disease development was slow at lO-lS^C; temperature between 20" and 30"C 
were found conducive for jfruit rot development in chillies. 

Blight caused by Alternaria dianthi Stev and Hall has been reported to be a 
major disease affecting carnation plants in Himachal Predesh on the basis of 3 
year experiments (1988-91) on the progress and management of the disease 
under field conditions. The data on disease severity were recorded at 15 days 
intervals following 0-5 scale based on area under disease and meteorological 
data were collected from observatory. The relationship between disease severity 
and various environmental factors have been estimated six fiingicides were 
evaluated at 10 days intervals as fohar spray imder field conditions. The 1st 
symptoms of tlie disease appeared in the montli of December / Januaiy whereas 
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maxiniimi disease development occurred in July-October (temperature 29.7-
IS^^C). The disease severity had a highest correlation with minimum 
temperature (r=0.8128) followed by rainfall revealed that only the minimum 
and maximum temperature have significant impact on the disease (Madhu 
and Malhotra, 1995). Boyle et al. (1995) studied the influence of r.h. during 
conidiogenesis and germination of Blumeria graminis f sp. tritici, the powdery 
mildew of wheat agent. Conidiogenesis at high r.h. resulted in a higher conidial 
water content than in conidia formed under drier conditions. In general a r.h. 
of 97% was the optimum for maintenance of conidial turgor. Above that level, 
the number of burst conidia increased in comparison to conidia formed under 
drier conditions. Optimum germtube growth and appressorium development 
were obtained at 97% r.h.. Conidia exposed to higher humidities during 
conidiogenesis had a somewhat higher optimum. No appressoria were formed 
at lower humidities. 

Xu (1996) reported that the magnitude of nonlinear effects on fungal 
development is shown to depend on the types of non linear models and, on the 
extent of temperature fluctuation. A niethod has been described which has 
been used in other disciplines to fit non linear models directly to varying 
temperature. Hypothetical data were generated to demonstrate the usefiibiess 
of this method with the underlying rate equations being non linear models 
derived from average temperature under estimate the rates of intermediate 
temperature the greater the temperature fluctuation the greater this 
underestimation. 

Balmurali Kiishan and Jeyarajan (1997), on the basis of their 3 year studies 
on powdery mildew reported that conidial production, germination and 
infection of grapes by Uncinula necator aî e greatly influenced by weather 
factors . Data on maximum and minimum temperature, r.h., rainfall and mmiber 
of rainydays were correlated with disease incidence. The multiple regression 
analysis was used to correlated the mean maximum temperature, mean 
minimum temperatm^e mean relative humidity. Total rainfall and rainy days 
for the period of one week prior to disease observation with mean PDI for that 
period of observation taken at 15 days intervals. 

Optimum temperature for the germination and germ tube elongation of 
Colletotrichum truncatum was 20^0 and that of soyabean pod infection was 
25"C. 3 hours light followed by 9 hours dark was found best for spore 
germination and genn tube elongation. 12h light followed by 12 hom-s dark 
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was most suitable for pod infection. However, continuous light took 
significantly more time for pod infection and development of acervuli; very 
high r.h. (100%) was required for pod infection and development of acervuli. 
In silde germination tests however, none of the spores germinated even at 
100% r.h. (Kaushal et al. 1998). A combination of IS '̂C temperature and 
more than 80 percent relatively humidity was found to be the best to get 
maximum conidial germination of Peronospora Irigonella (Prakash and 
Saharan, 1999). Similarly, exposure of conidia to light had inhibitory effect 
while it was stimulatory in darkness, Glucose as a nutrition gave better condial 
germination than sucrose cystine and glutamic acid. Conidia collected after 
12h of formation gave maximum germination. Younger and older than 12h of 
age conidia showed drastic reduction in germination. Washing of conidia at 
5000 rpm showed highest germination of 80.26 percent. Conidial germination 
was better in distilled water than on host leaf and agar medium. 

2.3. Biochemical changes in plants associated with 
infection 

Bakshi and Chauhan (1986) reported that increase in phenolic contents of 
leaf exudates of sheshum (Dalbergia sissoo) was found after infection with 
Phyllactinia dalbergiae, but phenolic content decreased as the disease 
progressed. Healthy leaf exudates showed a gradual decline in phenolic 
contents as the leaves matured. Changes in phenolic concentration of sheath 
blight infected rice tissue were studied by Rao et al. (1986). A general decrease 
in tlie concentration of soluble phenols and an increase in that of bound phenols 
were observed in diseased tissue of both susceptible (TKM9) and moderately 
resistant (1R20) varieties. Thin layer chromatographic analysis of the bound 
phenolic fractions revealed the presence of 2 monohydric phenols, viz. P-
couinaric and feruHc acids and 4 other unidentified compounds. P-coumaric 
and ferulic acids present in bound form were quantified and their possible 
role in the host defence machanism has been discussed by the authors. Bold 
seeded chickpea cultivars have been reported to suffer more due to Alternaha 
bliglit. Resistant cultivars contained more phenols, oithodihydric phenols, total 
aminoacid and sugar in leaf tissue as compared to susceptible ones. Similar 
trends was in N, P, K, Zn, Fe and Mn. Stomal moiphology of resistant and 
susceptible cultivars did not differ (Bhargava and Khare, 1988). 

There was a marked decrease in the total chlorophyll, carotenoids, sugar. 
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phenols and ascorbic acid in betel vine varieties, Karcyele andAmpadi infected 
with Colletotrichum gloeosporioides in necrotic area than that of holo and 
preholo region. However no carotenoid content was observed in the necrotic 
areas of both the varieties (Naik et al. 1988). 

Vascular wilt caused by Fusarium oxysporium f.sp. lentes is a serious disease 
of lentil. Various factors related to enviromnent and host are responsible for 
the disease incidence. The disease is severe in sandy loam soil with 7-5 to 8-0 
pH, temperature 20 to SO^C. Mortality of lentil due to pathogen was maximum 
at 25% soil moisture which decreased with increase in moisture level. 
Morphological and anatomical characters as well as biochemical constituents 
of lentil root were found responsible for susceptibility and resistance in the 
host and influenced the disease incidence. Lentil varieties having shorter root 
and less secondaiy root exhibited low incidence of the disease. Compact cork 
cambium and narrow metaxylem were observed in these varieties. Higher 
amount of amino acid, sugar, phenols, prthodihydric phenols, phosphorus and 
potassium and low permeabihty and nitrogen in root of lentil were responsible 
for resistance against wilt. (Sexena and Khare, 1988). Leaves of lucerne 
varieties resistant and susceptible to downy mildew did not exhibit significant 
difference in their total phenols and total soluble sugar; however, resistant 
varieties had high concentration of orthophenols nitrogen, potassium, Zn, Fe 
and low concentration of reducing sugar and structural carbohydrates than 
susceptible ones. The amount of total soluble sugar, non reducing sugar and 
zn increased reducing sugar, N, P, Mn and Fe contents decreased after infection 
in susceptible vaiieties (Luthî a et a/. 1988). Susceptible sugai-cane vaiieties 
infected with smut showed an increase in total phenols, reducing sugar and 
total fiee aminoacids with a decrease in orthodihydric and total sugar. The 
ascorbic acid content showed no marked vaiiation between healthy an smutted 
plants. Smut infected plants had less nitrogen, phosphorus Mg, high K content 
compared to healthy plants. There was no marked difference in calcium content 
of healthy and smutted plants. (Padmanabhan et al. 1988). Kaur and Dhillon 
(1988) reported tliat the size, frequency and index of stomata were significantly 
higher in the susceptible varieties of groundnut whereas tlie resitant varieties 
had higher palisade index values. Pj 25a 747, the most resistant variety had in 
addition highest frequency of trichomes and calcium oxalate. These 
characteristics seem to provide greater degree of defence against peneti'ation 
and invasion of Cercosporidium personatum in the resistant varieties. 

The role of tlie abaxil leaf surface waxes of Loliiim spp in resistance to powdeiy 
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mildew pathogen Erysiphe graminis was determined by Carver et al. (1990). 
Field and glass house observation of Lolium spp. grasses indicated that the 
lower abxial leaf surface was rarely infected even when the upper abxial leaf 
surface was densely colonised. Experiments showed that conidia of 2 strains 
of Erysiphe graminis from Lolium and one from Avena germinated equally 
well on both surface of Lolium and Avena leaves, but that the subsequent 
growth and development of germlings was unpaired on the lower surface. 
They suggested that the sheet waxes prevent the pathogen gaining access to 
rupture of cuticular membrane which trigger normal germling development. 
Kumar et al. (1990) studied the biochemical changes in pearl millet shoot 
infected with downy mildew pathogen Sclerospora graminicola (Sacc). Total 
leaf chlorophyll, total phenols and total free amino acid contents in the shoots 
and the specific activity of the enzyme nitrate reductase in both shoots and 
roots of the host were analysed. The estimation revealed that the total leaf 
chlorophyll, total phenol and total free aminoacid contents were found low 
whereas the nitrate reductase activity was found to be high in both the diseased 
shoot and roots of pearl millet (Pennisetum americanum L. leek). Nine 
polyhydroxy phenolic compounds, one tea extract and a conventional fungicide 
Benlate (Benomyl) were screened in vitro for toxicity against Hypoxylon 
serpens. All polyhydroxy phenolic compounds except (+) - catechin 
significantly inhibited growth of the ftmgus. The naphthalene based pehnolics 
were most toxic and completely inhibited fungal growth throughout the 
experimental period, irrespective of the concentration used. The tap root bark 
extract with unknown composition inhibited fungal growth more than the 
control and (+)- catechin (Onsando and Owuor, 1990). 

Total phenols have been implicated in the resistance and susceptibility of plants. 
Application of systemic fungicides on foliage results in quantitative changes 
in phenol content of the plant. Looking to the phytotoxic effects, 4 frmgicides 
namely mancozeb, zine, triforine and carbendazim were applied at their 
recommendation rates during rabi 1986. The results indicated that the phenol 
content in leaves were significantly increased by cai-bendazim 4.5mg/gm. and 
tiiforine 4.3 mg/gm as compared to dithiocarbamates. (Kotasthane etal. 1991). 
The levels of total phenol and activities of total oxidizing enzymes such as 
catalase and peroxidase in the levels of resistant cultiars (Co Vu-2, V-269) 
and susceptible cultivars (CSSR-IRC-48) of cowpea was determined at 
different intensities of powdeiy mildews development. Inherently, the resistant 
cultivars had liigher phenol content compared to susceptible cultivars. (Rao 
and Kumar, 1991). 
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Verma et al. (1991) evaluated the biochemical changes of fruits infected with 

three Aspergillus species. Healthy and apparently uninjured ripen bael fruits 

of unifoim size and weight were analysed for N, protein, total free amino 

acid, total sugar, reducing sugar, non reducing sugar total phenol and ash 

contents. Total phenol was found more in infected tissue than in healthy tissue. 

The accmulation of total phenol was higher in fruits infected With Aspergillus 

luchuemis followed by those miecXtdvnih Aspergillus niger and A. fumigatus. 

Total sugar content was greatly reduced in infected tissue by all the 3 species 

of Aspergillus. Chaudhuri and Nair (1991) reported that changes in protein 

and polyphenols were observed in plants and in calli when they were infected 

by rhizobia. Protein content increased with age and was greater in the infected 

than in the uninfected plants / callus. Polyphenol content was greater in the 

younger than the mature plants / callus and in the infected rather in the 

uninfected plants / callus. Infestation of Chinia and Malbhog varieties of banana 

by six dominate fungi viz. Botryodiplodia theobromae, Fusarium oxysporum, 

Helminthosporium spiciferrum, Curvularia lunata, Aspergillus flavus and 

Trichothecium roseum exhibited a gradual fall in all the forms of proteins 

under pathogensis. The maximum reduction of proteins was observed due to 

B. theohromae at the end of the incubation period in both the varieties of 

banana. Storage of healthy chinia and Malbhog varieties of banana showed an 

initial increase upto 2nd day which subsequently decreased with the increased 

in the incubation period. However, infestation of two varieties of banana fruits 

by all the six isolates viz. B. theobromae, F. oxysporum, A. spiciferum, C. 

lunata, A. flavus, T. roseum induced a gradual decline in the amount of total 

phenol. Maximum reduction in both the fruits was recorded due to B. 

theohromae on 10th day of incubation. (Prasad and Kumari, 1994). 

Sharma and Kaul (1995) reported that nine apple cultivars were analysed for 

phenolics and related enzymatic activity in healthy and scab inoculated leaves 

throughout the pathogenesis. There were no significant difference in the total 

phenol contents of the younger healthy leaves of test cultivars. However an 

upsurge in total and orthodihydirc phenols was noticed after inoculation, the 

increase was however more conspicuous in the resistant combinations. Level 

of phloridzin and phloretin were also assayed; whereas, phloridzin showed a 

direct relationship, phloretin did not. Also higher enzymatic activity of 

P-glucosidase, polyphenol oxidase and peroxidase was associated with the 

resistant cultivars which increased in the leaves when challenged by scab 

pathogen, Venluria inaequalis. 
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Various phenols were examined in root exudates from 10 day,old seedling of 
chickpea varieties giown in sand culture and in root, stem and leaf tissue of 
different stage grown in wilt sickplot. Effect of these phenols on spore 
germination andmycehal growth of fungus was also examined. Hydroquinone 
and chlorogenic acid were higher in root exudates. Salicylic acid was higher 
in leaf tissue of resistant varieties at pre infection stage. Also at disease initiation 
stage, chlorogenic acid and p-coumaric acids were higher in root and leaf 
tissue and hydroquinone and umbelliferone were higher in stem tissue of 
resistant varieity. Most of the phenols inhibited spore germination and mycelial 
growth of the fungus under in vitro condition saHcylic acid was most effective 
(Mandavia et al. 1995). Choudhury (1995) studied the biochemical changes 
associated with induction of resistance to rust infection in ground nut caused 
by Puccinia arachidis speg. Results revealed that all the chemicals provided 
significant protection. Best results were achieved with lAA. When infected 
plants were analysed for biochemical changes the treated plants always recorded 
higher levels of phenolics, proteins and oxidase activity as compared to 
uiitreated plants. Gupta et al. (1995) reported changes in the level of total 
phenol and specific activities of polyphenol oxidase, peroxidase and catalase 
in healthy andAltemaria leaf blight susceptible leaves of Brassica species. B. 
species which are tolerant {B. carinata, B. napus ) and susceptible (B.Juncea, 
B. campestris) to Alternaria brassicola and Alternaria brassicae were used 
in the study. Healthy and infected leaf samples were collected at 20 days 
intervals after 40 days of sowing for various biochemical analysis. Result 
indicated an initial increase in the level of total phenol followed by continuous 
decrease with the age of plants in all B. species.Tolerant species oi Brassica 
registered considerable higher amount of total phenol compared to susceptible 
ones at all stage of plant development. 

Changes in phenolic compounds, carbohydrates and mineral elements in 
resistant (M-147, G-201) and susceptible (NC-13 GK-19) cultivars of ground 
nut were studied. Total phenols and orthodihydric phenols were high, whereas 
total reducing and non reducing sugar were low in resistant-cultivars in 
compaiison to susceptible Ones. Amount of phenolic compounds increased 
whereas carbohydrates decreased after infection in all the cultivars. Ten 
aminoacids were detected in resistant cultivars as compared to nine in 
susceptible cultivars. Nitiogen, Mn, and Fe contents were low whereas and 
Fe, P, K, Cu, Zn were high in resistant as compared to susceptible. N, P, Cu 
and Mn decreased and K, Zn, Fe increased in all tlie cultivars after infection 
(Sindhan and Pai'ashar, 1996). 
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Healthy plants of chickpea genotype ICC, 1096, resistant to Botrytis cinerea 
had significantly less amount of total soluble sugar and free aminoacid but 
higher amount of total phenol than the susceptible genotype BGM 408 
irrespective of plant part tested. The amount of sulphur containing aminoacids, 
methionine and cystine was almost double in the resistance genotype compared 
to susceptible one. Shoot tips had higher amount of sugar and free aminoacid 
but lower phenol content compared to middle and lower leeaves irrespective 
of genotypes. Sugar and phenol decreased after inoculation by 5. cinerea. The 
decrease in phenol was more in susceptible genotypes BGM 408 but sugar 
content declined markedly in resistant genotype ICC 1069. Free pool of 
amionoacid increased by 280% in BGM 408 after inoculation as compared to 
only 22% in ICC 1069. All the aminoacids except aspartic acid decreased 
after inoculation. (Mitter et al. 1997). 

The development and senescence of pigeonpea cultivars H-77-216 were studied 
at vegetative and flowering stage at weekly intervals upto 35 days from leaf 
emergence. Leaf development leading to senescence followed significant 
decrease in fresh weight to dry weight ratio. Chlorophyll content total soluble 
carbohydrate, starch, proteins and leaf carotenoids were comparatively stable 
while total leaf N, activities of cellulase and amylase and protease increased 
significantly at flowering stage (Singh et al. 1998a). 

Singh et. al. (1998b) reported that the studies on the effects of CMV on 
clilorophyll content and mineral elements were carried out in two resistant 
and two susceptible chilli varieties. Resistant genotypes in general recorded 
higher content of chlorophyll, phosphorus and magnesium and lower of Zn 
and manganese than susceptible genotypes. Virus infection showed significant 
reduction as compared to the resistant ones. The level of Mg was found to be 
relatively higher in resistant varieties but it showed veiy little increase after 
infection. 

In sunflower leaves higher amoimt of clilorophyll, amino acid ortho phenol 
were observed in cultivars tolerant to Puccinia calcitrapae var. centaureae 
whereas in susceptible cultivars total soluble and reducing sugar were more. 
Total clilorophyll, chlorophyll a and b, total aminoacid and soluble sugar 
declined while the total and orthodihydirc phenol content increased after rust 
infections. (Singh e/«/. 1998c). 


