
Materials and Methods 
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3.1 Plant Material 

3.1.1. Selection 

Nine different varieties originally obtained from Tea Research Association, 

Tocklai, Jorhat, Assam and being maintained in the Tea Germ plasm Bank, 

Department of Botany,University ofNorth Bengal were selected for experimental 

purpose in this study. The selected varieties were -TV-30,29,26,25,23,22,18,9 

and Teenali 17. Tliese were selected based on the growing stability as observed 

under field conditions over the years by Bezbaruah and Singh (1988). 

For field studies a Tea Estate in the Terai region i.e., Hansqua Tea Estate was 

selected (Plate I). For field survey, out of the nine varieties selected for 

experimental purposes, six varieties available in the Tea Estate were selected. 

These were TV 26,25, 23,22, 9 and Teenali 17. The selected tea bushes ranged 

in age from 15-20 years and were well maintained in different plots (Plates ~ II 

andffl). 

3.1.2. Propagation 

Tea plants were propagated in the experimental garden by cuttings. For cuttings, 

sandy soil (sand and soil 3:1) was used and p"was adjusted to 4.8 - 5.0 by treating 

with 2% Aluminium Sulphate solution. Before planting, the soil was heated 60 -

80''C on a metal sheet with fire below to kill eel warms if any present in the soil. 

Polythene sieves (6") were filled up with the soil and arranged in rows in a bed 

and watered thoroughly. All cuttings were allowed for rooting after dipping them 

in rooting hormone. These cuttings were kept under shade until new leaves 

appeared (Plate IV). 

3.1.3. Plantation 

One year old well grown seedlings (Plate V) were used for planting in the field. 

Before planting, simazine @ 75 gm./ 20 liter water and glyophosate @ 1:200 

were used in the experimental plots for suppression of weeds (Borpujari and 

Banerjee, 1994). Pits (II/2' x V/2 x VA') were dug at intervals of 2' between 

plants and 3.5' between rows. Planting mixture was prepared in tlie ratio 4.5 kg. 

well rotten dry cattle manure, 30 gm. rock phosphate, 30 gm. superphosphate 

and 2.5 gm. phorate [O, O' - diethyl - (ethylthio methyl) phosphoro - ditliioate]. 

At tlie bottom of each pit rock phosphate was placed following which half poition 

was covered with cattle manure - soil mixture. Phorate was mixed with a poition 

of excavated soil and was applied approximately 5 cm below ground level. 



33 

Plate I 
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Plate II ( figs. A & B) - Bushes of 
different tea varieties 
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Plate III ( figs. A i& B) - Bushes of different tea varieties 
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Plate IV ( figs. A-C) - Propagation of tea varieties by cuttings 
in polythene sleeves under shade in the nursery 
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Plate V ( figs. A-C) - One -year-old tea seedlings of 
different varieties in the nursery 
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Following soil conditioning, plants were planted in the prepared soil. Pits were 

filled with conditioned soil. 

3.1.4. Maintenance 

Manuring was done in young plants using mixture as follows - Ammonium 

sulphate - 8 parts by weight, Ammonium - phosphate sulphate (16:20) - 35 parts 

by weight; potassium sulphate -15 parts by weight Magnesium sulphate-15 parts 

by weight and zinc sulphate - 3 parts by weight. The total mixture was dissolved 

@ 30 gm. in one liter of water and applied @ 50 ml/ plant as suggested by 

Ranganathan and Natesan (1987). 

Mature plants were maintained by applying a soluble mixture of N,P,K. consisting 

of 10 kg. Urea-46%N, 20 kg. Ammonium Phosphate - 1 1 % P^O ,̂ 8 kg.Muriate 

of potash-60% K^O in the soil. Greenol (Triacontanol) was sprayed at regular 

intervals for good growth of bushes. 

3.2. Fungal Culture 

3.2.1. Source 

A virulent strain of Glomerella cingulata (Stoneman) Spauld and Schrenk was 

originally isolated from naturally infected leaves of tea growing in the 

experimental garden. This strain was identified at Common wealth Mycological 

Institute, Kew, Surrey, U.K. (IMI N. 356860) and was used in all studies after 

completion of Koch's postulate. 

3.2.2. Koch's Postulate 

Young tea leaves were collected from Phytopathological experimental garden 

and inoculated with conidial suspension of the isolate Glomerella cingulata 

following detached leaf inoculation technique. After 72 hours of inoculation 

the infected tea leaves were washed thoroughly and small pieces were cut from 

the infected areas. These were taken in small vials, disinfected with 0 .1% HgCl^ 

for 3 to 5 minutes followed by washing with sterile distiled water several time. 

Pieces were then tiansfered aseptically into Richard's Medium Agar Slants. These 

isolates were examined after 12 days of incubation at 28 + 2"C and the identity 

of the organism was confirmed by comparing with the stock culture. 

3.2.3. Stock Culture Maintenance 

The fungus thus obtianed was subcultured on RMA (Richard's medium agar) 

slants. After 2 weeks the culture was stored under 3 different conditions (5"C, 
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lO^C and at ambient temperatuie - 30 + Z^C). Apart jfrom weekly transfers for 
experiemental work, the culture of Glomerella cingulata was also examinedat 
regular intervals to test its pathogenicity. 

3.2.4. Assessment of Mycelial Growth 

3.2.4.1. Solid media 

To assess mycelial growth of G. cingulata in solid media, the fungus was first 
grown in Petridishes, each containing 20 ml. of RMA and incubated for 7 days 
at 30"C. Agar block (4imn diameter) containing the growing mycelia was cut 
with a sterile cork borer from the advancing zone of mycelial mat and transferred 
to each petiidish containing 20 ml of sterilzed soild media. All petridishes were 
then incubated at 30°C for the desired period. Diameter of myceUal growth and 
the nature of the growth, sponilation etc. were noted at definite intervals. 

3.2.4.2. Liquid Media 

To assess mycelial growth of G. cingulata in liquid media, the fungus was first 
allowed to grow in petridishes containing 20 ml of RMA and incubated at 30''C 
for 6 days. From the advancing zone mycelial block (4 mm dia.) was cut with a 
sterilized cork borer and transferred to each Ehrlenmeyer flask (250 ml) 
containing 50 ml of sterilized medium and incubated for desired period at 30°C. 
Finally the mycelia was strained through muslin cloth, dried at 60''C for 96 
hours, cooled in a desiccator and weighed. 

3.3. Composition of Media 

A number of media - both solid and liquid, were used in the course of 
experiments in this study. The composition of different media are as follows: 

Richard's medium (RMA) 

KNO, 
K,HPO, 
MgSO .̂ TH^O 
KCl 
FeSO,.7H,0 

4 2 Sucrose 
Agai-

Distilled water 

10 gm 
5.0 g 
2.5 g 
0.5 g 

0.01 g 
30.0 g 
20.0 g 
IL. 
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Potato Dextrose Agar (PDA) 

Potato 400.0 g 
(Peeled and sliced) 
Dextrose 20.0 g 
Agar 20.0 g. 
Distilled water , I L 

Carrot Juice Agar (CJA) 
Grated Carrot 20.0 g 
Agar 20.0 g 
Distilled water 1 L 

(Grated carrot boiled, strained through muslin bag, volume made upto IL, agar 
added, boiled till dissolved). 

Gre,€rnrea Agar (GTA) 

Green Tea Leaves 100.0 g 

(Crushed with distilled water, strained and final volume made upto 1 L.). 

Agar 20.0 g 

Boiled Tea Agar (BTA) 

Tealeaves 100.0 g 

(cut, boiled and final volume made upto IL.) 

Agar 20.0 g 

Nutrient Agar (NA) 
Peptone 
Beef extract 
Nacl 
Agai-
Distilled water 

5.0 g 
3.0g 
3.0g 
20.0 g 
IL. 
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Czapek- Dox Agan(CDA) 
NaN03 
K,HPO, 
MgSO .̂TH^O 
KCl 
FeS0,.7H,0 

4 2 
Sucrose 
Agar 
Water 

Potato Sucrose Agar (PSA) 
Potato 
(Peeled and sliced) 
Sucrose 
Agar 
Distilled water 

Elliott's Agar 
KH^PO, 
MgSO.JH^O 
Na,C03 
Dextrose 
Asparagine 

Agar 
Water 

2g 

I g 
0.5 g 
0.5 g 

0.01 g 
30.00 
20.00 
IL^ 

400.0 g 

20.0 g 
20.0 g 
I L 

1.36 g 
0.50 g 
1.06 g 
5.00 g 
1.00 g 
15.00 g 
I L 

Yeast Extract - Dextrose Agar 

Yest extract 7.5 g 

Dextrose 
Agar 
Distilled water 

20.0 g 
, 15.0 g 

I L 

For hquid media, compositions were the same as respective solid media, without 
addition of agar. 



Experimental 
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3.4. Inoculation Techniques 

3.4.1. Detached leaf 

A detached leaf inocidation technique as described by Dickens and cook (1989) 
was followed for artificial inoculation of leaves. Fresh, Young, frilly expanded 
tea leaves were detached from plants and placed in plastic trays lines with moist 
blotting paper. Wounds were made on the adaxial surface of each leaf and 
inoculated either with spore suspension or mycelial block of the frmgus. 
Mycelial block inoculation was done by placing plug ( 2mm dia) of mycelia 
bearing conidia from 10 day old culture aseptically on the inoculation site. 
Sterile Richard's medium blocks or sterile distilled water were used as control. 

For inoculation with spore suspension, 20 |LI1 droplets of conidial suspension 
(1.6 X 10̂  conidia/ml) of the frmgus (prepared from 10 day old culture) were 
placed (2-4 drops/leaf) on the adaxial surface of each leaf with a hypodermic 
syringe after making appropriate needle scratches. In control sets, drops of 
sterile distilled water were placed on the leaves. 

Each tray was covered with a glass Hd and sealed with petroleum jelly in order 
to minimize the drying of drops du-ing inoculation. 

3.4.2. Cut Shoot 

Cut shoot inoculation technique was followed as described by Yanase and Takeda 
(1989). Twigs (with 3-4 leaves) of tea plant grown in the experimental garden 
were cut careftiUy and immediately introduced into glass vials containing sterile 
tap water and taken to the laboratory. Leaves were inoculated by making 2 mm 
light scratch with a sharp sterilized needle on the adaxial surface of the leaf and 
placing mycelial plugs on the scratches, Mycelial plug inoculated cut shoots 
were placed into the holes of styrofoam board which was floated on modified 
Hoagland and Knop's solution and kept in a glass chamber (45 cm x 30 cm) for 
one week with aeration. 

3.5 Assessment of Disease Intensity 

3.5.1 Artificial inoculation 

3.5.1.1 Detached leaf 

Disease intensity was assessed on the basis of number of inoculum drops that 
resulted in lesion production out of the total number of inoculum drops. Percent 
drops or mycelial plugs that resulted in lesion production was calculated after 
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48,72 and 96 h of inoculation as discribed by Chakraborty and Saha (1994). 
Diameter of lesions were also noted. Observations were based on 50 inoculated 
leaves for each treatment and average of 3 separate experiments. 

3.5.1.2. Cut shoot 

The actual number of lesions that developed on the artificially inoculated shoots 
were counted after 48,72 and 96h. Diameters of individual lesions were 
measured. They were graded into four groups and a value was assigned to each 
group. Very small restricted lesion, 1-2 nam dia. = 0.1; 2-4mm dia with sharply 
defined margin = 0.25; lesion with slow spread beyond 4 mm = 0.5 and spreading 
lesion variable in size with diffused margin =1.0 Number of lesion in each 
group was multiphed by the value assigned to it and the sum total of such values 
were noted and disease index was computed as the mean of observation of 50 
cut shoot per treatment. 

3.5.2. Natural infection 

Occurrence of brown bhght disease in the field was assessed, and disease 
incidence was calculated as the percentage of the infected leaves per bush. Bushes 
were selected at random and for each replicate a minimum of 25 bushes were 
surveyed. In each case the symptom of the disease was carefiiUy noted and 
differentiated from other foliar diseases. 

3.6. Obtaining meteriological data 

Monthly record of meteriological data for a period of three years (1996, 1997, 
1998) was obtained fi:om the Gangaram meteriological station, Tea research 
association Terai branch, Bengdubi, West Bengal. Meteriological data included 
maximum and minimum temperature, percentage relative humidity (morning 
and afternoon), hours of sunshine and monthly rainfall. Hours of observation 
were 0635 and 1335 ISD. 

3.7. Collection of diffusible compound from tea leaves 
Diffusible compounds from tea leaves were collected following drop diffusate 
technique of Muller (1958) with modifications. Leaves were collected from 
tea plants, washed in sterile distilled water and blotted diy with blotting paper. 
Fifty leaves were placed on moist blotting paper in each plastic tray (30cm x 
30cm). Twenty |il droplets (2-4 per leaf) of sterile distilled water or conidial 
suspension of G. cingalata (1.2 x 10̂  conidia/ml) prepared from 10 day old 
cultures with sterile distilled water were placed on the adaxial surface of each 
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leaf Each tray was covered with a glass lid and sealed with a smear of white 
petroleum jelly to maintain necessary moisture. Drops were collected fi:om 
leaf surfaces, combined and centrifiiged; this supernatant was treated as the 
'difiusate. Similarly, the waiter drops were also collected from the leaf surface 
combined centrifuged and the supernatant obtained was the exudate. Finally, the 
diffusates and exudates were passed through sintered glass filter and then used 
for experimental purpose. 

,3.7.1. Spore Germination Bioassay 

For spore germination bioassay, method of Trivedi and Sinha (1976) was followed 
with modification. A clean grease free slide was taken and a drop 10 |il of the 
fungal spore suspension was placed on it and incubated in humid petridishes for 
the desired period. Finally 1 drop of lactophenol cotten blue was added to each 
drop to fix the germinated spore. Slide was observed under the microscope and 
percentage germination, appresoria formation and germtube length were 
determined. 

3.8. Extraction of phenols from tea leaves 

Phenols were extracted from tea leaves following the method of Mahadevan 
and Sridhar (1982) with modification.Leaves were cut into small pieces and put 
directly into boiling 80% ethanol for 5 minutes, cooled and crushed in a mortar 
with pestle, passed through 2 layers of cheese cloth and filtered through filter 
paper. The final volume was made upto 5 ml with 80% ethanol. This filtrate was 
used for estimation of both total and orthodihydroxy phenols. 

3.9. Estimation of total and orthodihydroxy phenol contents 
3.9.1. Total phenol 

The total phenol was estimated by Folin Ciocalteau's method as described by 
Bray and Thorpe (1954). One ml alcohol extract was taken in a 25 ml test tube; 
1 ml of Folin Ciocalteau's reagent was added to it, followed by 2 ml of 20% 
Na2Co3 solution. The tube was shaken and heated on boiling water bath for Imin. 
The tube was cooled under tap water and volume raised to 25ml. A blank was 
prepared with all reagents except the sample, to adjust the zero reading. Quantity 
of total phenol was estimated with caffeic acid standard in a Systronics 
Photoelectiic Colorimeter Model 101 at 515 nm wavelength. 

3.9.2. Orthodihydroxyphenol 

Quantitative estimation of orthodiliydroxy phenols was done by Amow's method 
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(1933). Initially 1 ml ofthe alcohol extract was taken in a tube and the followingi 
reagents were added - 2 ml of 0.05 (N) HCl, 1 ml of Amow's reagent (NaNo^ -
10 g; Na^MoO^ - 10 g; distilled water 100 ml) and 2 ml of IN NaOH. The 
volume was raised to 25 ml and absorbance was noted using a Photoelectric 
Colorimeter Model 101 at-515nm wavelength. A blank containing all the 
reagents except Amow's was used to adjust the absorbance to zero. Quantity of 
phenol was estimated following the standard curve of caffeic acid. 

3.10. Extraction of chlorophyll from tea leaves 

Chlorophylls were extracted from tea leaves in 80% acetone as described by 
Harbome( 1976).Leaves were crushed in 80% acetone in a mortar with 
pestle.This slurry was filtered through filter paper and a final volimie made up 
to known amount using 80% acetone,the whole procedure was carried out in 
dim light. 

3.11. Estimation of chlorophyll content 

Chlorophyll estimation wasdone by directly noting absorbance value at 663 and 
645 nm as dscribed by Harbome (1976). Quantification of Total chlorophyll, 
chlorophyll a and chlorophyll b was done from the following formula. 

Toral chlorophyll = 20.2 A 645 + 8.02 663 |ig/ml. 

Chlorophyll a = 12.7 A 663 - 2.69 A 645 |ig/ml 

Chlorophyll b = 22.9 A 645 - 4.68 A 663 |xg/ml 

3.12. Extraction of epicuticular wax from tea leaf surfaces 

Tea leaves were collected cut into discs and the area of both the surfaces 
determined. Discs were immersed in chloroform for 15 seconds. The extract 
was filtered and evaporated on boiling water bath as suggested by Ebercon et al 
(1977). 

3.13. Estimation of epicuticular wax content 

Estimation of epicuticular wax content of tea leaves was done colorimetrically 
as described by Ebercon et al, (1977). Reagent was prepared by mixing 40 ml 
deionized water with 20 gm powdered potassium dichromate. The resulting slurry 
was mixed vigoursly with one litre sulphuric acid and heated (below boiling) 
until a clear solution was obtained. 5 ml of this reagent was added to each wax 
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sample (after evaporation of chloroform extract) and placed on boiling water 
bath for 30 minutes. After cooling, 12 ml of deionized water was added and 
incubated for 5 to 10 minutes until colour developed. Following this, optical 
density of the sample was taken 590 nm in a Systronics Photoelectric 
Colorimeter Model 101. 

Standai-d curve was prepared with Polyethylene glycol - 3000 (Carbo wax 3000). 
Waxes were dissolved in chlorofrom and 15 ml aliquots containing range of 
concentration (1 -5 mg) were prepared. These aliquots were carried through 
the above analytical procedure. 

3.14. Sample preparation for anatomical studies 

For anatomical studies, transverse section of leaves were prepared and stained 
either with lactophenol-cotton blue (infected leaves) and mounted in glycerine 
or stained with saffranin hght green and permanent preparation were made. The 
sections were the observed under Leica Microscope and specific anatomical 
features noted. 


