
MATERIALS AND METHODS 

~-.-

~:. 



54 

A. Plant Material 

(a) Selection : 

Fourteen different tea varieties were selected 

for plantation in the Phytopathological Experimental Garden 

of Department of B9tany, North Bengal University, based on 

their growing suitability as observed under field conditions 

over the years by Tocklai Experimental station, Jorhat, 

India and recommended by _Bezbaruah and Singh (1988). A list 

of those selected tea varieties used in the present inves-

.tigation are given in Table-1 

(b) Collect ion : 

Tea plants (18 month old) of seven clonal varie-
•jai 

ties (TV-1, TV-9, TV-14, TV-16, TV-17·, TV-18 and TV-26) were 

obtained from the ·clone house of Mohurgong and Gulma Tea 

Estate, Sukna, -Siliguri, and five clonal varieties (TV-19, 

TV-20, TV-23, TV-25 and Teen Ali 17/1/54) and two seed 

varieties (TS-449, andCP-1) were collected from the nursery 

of Dey's Tea Plants, Khaprail, Siliguri. 

(c) Plantation : 

At the onset, during preparation of experimental 

plot for tea plantation adequate measures were taken for 



55 
•If 

Table-1 : List of tea varieties used. 

Tea var1eti~s 

Clones : 

TV - 1 

TV - 9 

TV - 14 

TV - 16 

TV - 17 

TV 18 

TV - 19 

TV - 20 

TV - 23 

TV - 25 

TV - 26 

Teen Ali 17/1/54 

Seed· stocks : 

TS ·- 449 

CP - 1 

Character 

a,b 

c 

b 

b. 

b 

c 

a 

a,b 

a,c 

a,b,c 

a,b 

a,b,c. 

a,c 

* a = High y~eiding ; b = Subma~ginal lands and drought 
areas ; ·C = Infil~ing and. interplanting. (Based on field 
observations, Bezbar.uah and Singh, 1988). 

weed suppression. For this purpose Simazine was applied 

@ 75 gms/20 Litres water as pre-emergent and Glyphosate 

... 
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@ 1 : 200 against thatch type of grasses, as described by 

Barbera (1988). Pits (45 cm3) were dug at intervals of 60 

em and 105 em between plant to plant and row to row respect

ively. Planting mixture per pit contained 4.5 Kg well ro~ten 

dry cattle manure, 30g super phosphate, 30g rock phosphate 

and 2.5g thimate as recommended by Barbora (1988). Initially 

rock phosphate was placed at the bottom ofthe pit following 

which half portion was covered with pattle manure - soil 

mixture. In order to control eel worm, thimate was mixed with 

a portion of excavated soil and was applied to the upper half 

of the pit. Superphosphate was placed approximately 5 em 

below the ground level. Finally, 36 tea plants (18-month-old) 

each of 12 clonal varieties (propagated from cuttings of 

clones) and 2 seed varieties (raised from seeds) as listed in 

Table-1 were planted in the prepared plot at interval of 60 

em and 105 em between plant to plant and row to row respec

tively (Plate~I, fig. •2). Simultaneously, tea plants of all 

the 14 varieties were also grown in earthen pots (one plant/ 

pot 30 em diameter), each containing 5 Kg soil mixture (soil 

: planting mixture- 1:1). 

(d) Growth and maintenance : 

The plants were grown in the Departmental 
• experimental garden under natural conditions of daylight 

and temperature (20-30°C) and maintained throughout the year. 



-I 

PLATE- I (figs. 1 & 2). Plantation of Tea (Camellia 
sinensis) fig.1-plantation 4t Mohurgong Gulma tea 
estate ; fig.2-Tocklai variety of tea growing at the 
phy~opathological experimental ga~en·of the Department 
of Botany, University of North Bengal. 

-~ 
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PLATE-I 
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The plants were watered on alternate days with ordinary 

tap water. In order to maintain the young tea plants, 

nutrients (2% NPK - 2:1:2- and 2% urea) were applied as foliar 

spray at· 3 months intervals. The main stem and the side 

shoots were trimmed 12 weeks prior to inoculation in order to 

obtain new· shoots • 

.. 
B. Fungal Culture 

(a) Source of culture : 

A virulent strain of Bipolaris carbonum (Syn. 

Helminthoeporium carbonum), anamorph of Cochliobolus carbonum 

Nelson., was originally isolated by Dr. B.N.Chakraborty, 

Centre for Life Sciences, University of North Ben·gal in 1985 

fro_m the naturally infected leaves o~ tea plants grown in 

the field of Gayabari Tea Estate, Panighata, Siliguri, which 

was identified· by Dr. A. Siva:riesan, Commonwe;:ilth Mycological 

Institute, Kew, Surrey, UK. (IMI Number 298762). The culture 

of B. carbonum (BC-1) obtained from Dr. Chakraborty was used 

throughout this investigation (except otherwise stated) after 

completion of Koch's Postulate. Three more isolates of B. 

qarbonum (BC2, BC3 and.BC4), and some other fungal species 

which \ltere used in this study are enlisted in Table. 2. 
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·Species 

Bipolaris carbonum 

Colletotrichum camelliae 

Pestalotiopsi s theae 

Bipolaris tetramera 

Eripolaris setariae 

Helminthosporium oryzae 

Hel!l'inthosporium maydis 

Helminthosporium sativum 

Table - 2 

Isolate code 

BC1 
( IMI · 298762 

, BC2 

BC3 

BC4 

CC-1 

PT...;1 

BT1 
(ITCC - 1802) 

BS1 
(ITCC - 1588) 

H0-1 
(ITCC - 2537) 

HM-1 
( ITCC - 2675) 

HS-1 
( ITCC - 2684) 

IMI - International Mycological Institute. 

ITCC - Indian type culture collection. 

·~ 
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List of Fungal isolates used 

Host of Origin 

Camellia. sinensis 

f• sinensis 

f• sinensis 

f• sinensis 

f• siilensis 

f· sinensis 

Glycine~ 

Pennesetum typhoides 

Oryzae sativa 

~mays 

Oryza sativa 

IARI - Indian Agricultural Research Institute, Pusa, New Delhi - 12, India. 
TES - Tocklai Experimental Station, Jorhat, Assam. 

l.r) 

Source of isolate 

Naturally infected leaves of 
. Gayabari Tea Estate, 1985 

Naturally infected. leaves of 
Dumdim Tea Estate, 1987 

Naturally infected leaves of 
Mohurgong and Gulma Tea 
Estate, 1988 

Naturally infected leaves of 
Baint Goori Tea Estate, 1988 

TES 

TES 

IARI 

IARI 

IARI 

IARI 

. IARI 

.: 

'•\~ 
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(b) ComEletion of Koch's Postulate 

Fresh young tea leaves were collected from 

Gayabari Tea Estate and inoculated with conidial. suspension 

of Bi£olaris carbonum (BC1) following detached leaf technique. 

After 72 h of inoculation, the pathogen was reisolated from 

infected tea leaves in the following way~ infected leaves 

were washed thoroug~y, cut into small pieces, disinfected 

with 0.1% Hgc12 for 3-5 minutes, washed several times with 

sterile distilled water and transferred aseptically into 

Potato-Dextrose-Agar (PDA) slants. These isolates were exami

ned after two weeks of inocubation (at 28°C) and the identity 

of the organism was confirmed after comparing it with the 

stock culture already made available for the· purpose. 

(c) Maintenance of stock cultures : 

The fungi listed in table-2 were grown on PDA 

slants. After 2 weeks, the cultures were stored under three 

differe~t conditions (5°C, 20°C and at room temperature 

L-30 '! 2°c''_7 in ster~le liquid paraffin .• Apart from weekly 

transfer for experimental work, the cultures of ~· carbonum 

isolates were also examined at a regular interval to test 

its pathogenicity. 
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(d) Assess'!\ent of mycelial growth in liguid media : 

To assess mycelial.growth of~· carbonum in a 

liquid culture, the. fungus was first grown in petridishes, 

each containing 20 ml.of PDA medium and incubated for 4 days 

at 30°C. From the advancing zone of the mycelial mat, agar 

block (4 mm diameter) containing the mycelia, was cut with 

a sterilized cork borer and tran_sferred to each Ehrelnmeyer 

flask (250 ml) containing 50 ml of sterilized Richard's 
< 

medium (KN0 3 , 1,0 .0 g; K2HPo4 , 5.0 g; MgS04 ,. 7H20, 2.5 g ; 

FeC13 , 0~02g ; Sucrose, 30.0 g; Distilled water 1 L) for a 

desi~ed period at 30°C. Finally the mycelia were strained 

through muslin, collected in aluminium foil cup of known 

weight, dried at 60°C for 96 hrs., cooled in a d~siccator and 

weighed. 

C. Chemicals 

~ .. In addition to ordinary laboratory reagents, 

'"• 

the following chemicals were used : 

Acrylamide Merck, German 

Adjuvant complete Freund Difco Laboratories, Detroit, 
Michigan, U • S. A • 

Adjuvant incomplete Freund Difco Laboratories, Detroit, 
Michigan, U.s.A. 

Amido black Hi-Media Laboratories, Bombay, 
India. 
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Ammonium peroxodisulphate 

Ascorbic acid 

Asparagine 

Barbitone sodium GR 

B is acrylamide 

Bov ineserum albumin 

Bromophenol blue 

Caffeic acid 

Casein hydrolysate 

Catechin 

Catechol 

Coomassie brilliant blue 

Cycloheximide 

Folin-Ciocalteau's reagent 

Gallic acid 

Gibberellic acid. (GA3) 

E. Merck (India) Ltd. Bombay 

Sigma Chemical Co. U.S.A. 

Hi-Media Laboratories, 
Bombay, India. 

Loba Chemical Co. Bombay, India 

Merck, German. 

Sigma Chemical Co. U.S.A. 

BDH Chemicals Ltd. Poole, England 

Sigma Chem~cal Co. U.S.A. 

Hi-Media Laboratories, Bombay, 
~ndia. · 

Sigma Chemical Co. U.S.A. 

Sigma Chemical Co. U.S.A. 

Sigma Chemical Co. U.S.A. 

Hi-Media Laboratories, 
Bombay, India. 

Glaxo Laboratories, Bombay, 
Bombay, India. 

Fluka, Switzerland. 

Pro-Gibb. Abbott Laboratories, 
Illinois, U • S • A • 

Glycine Merck, German. 

Goat antirabbit IgG (whole) Sigma Chemical Co. U.S.A. 
molecule) ":"Fluo re sc e in- i so·-
thiocyanate conjU.gate 

Goat antirabbit-IgG. (whole Sigma Chemical Co. U.S.A. 
molecule)-Horseradish pero-
xidase conjugate. 

Indole-3-ac et ic acid ( IAA) Sigma Chemical Co. U.S.A. 
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Indole-3-butyric ·acid ( IBA)_- Sigma Chemical Co. U.s .A. 

DL-Methionine 

Nickel Chloride 

Nickel nitrate 

~-Naphthalene acetic acid 
(NAA) 

p-Nitroaniline 

0-Phenylenediamine 

Polyvinyl pyrrolidone 
(insoluble) 

Protocatechuic acid 

DL-phenylanine 

·~ 

Riboflavin 

Sea Sand 

Silica Gel G 

Sodium acetate 

Sodium azide 

Sodium malonate· 

Sodium molybdate 

Sodium selenate 

Tris 

DL- Valine 

Hi-Media Laboratories, Bombay 

Sigma Chemical· Co. U.S.A. 

E.Merck (India) Ltd., Bombay. 

Sigma Chemical Co. U.S.A. 

Lob a Chemical Co., Bombay, India 

Sigma Chemical Co. U.S.A. 

Sigma Chemical Co., U.S.A. 

Fluka, Switzarland 
0 

Hi-Media Laboratories, Bombay, 
India. 

Sigma Chemical Co. U.S.A. 

Rieqel - De Haen Ag 
Seelze - Hannover. 

E. Merck (India) Ltd!, Bombay 

E. Merck (India) Ltd., Bombay, 

E. Merck (India) Ltd., Bombay 

E. Merck (India) Ltd., Bombay 

E. Merck (India) Ltd. Bombay. 

E. Merck (India) Ltd., 

Merck, German. 

Hi-Media Laboratories, 
Bombay, India. 

Bombay. 
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D. Inoculation Technique 

(a) Whale plant : 

Well established and branched tea plants (2 year 

old) grown in pots were inoculated with f!· carbonum following 

the method of Dickens and Cook (1989). Inoculation was done 

by spraying conidial suspension (1x106 conidia/ml) prepared 

from 15-day-old culture of f!· carbonum grown on PDA. In 

control sets, the plants were sprayed with sterile distilled 

water. The plants were kept for 48 h in transparent polythene 

chamber to maintain a high level of humidity. Subsequently 

the plants were removed from the chamber and grown with normal 

soil surface watering. Twenty plants were inoculated in each 

treatment. 

(b) Cut shoot : 

Cut shoot inoculation technique was followed as 

described by Yanase and Takeda (1989). Twigs (with 3 to 4 

leaves) of tea plants grown in the experimental garden were 

cut carefully with a sharp blade and immediately introduced 

into glass vials containing sterile tap water and transferred 

to the laboratory. Leaves were inoculated by making 2 mm light 

scratch with a sharp needle on the upper surfaces of leaves 

as desc ribed by Dickens and Cook (1 989 ). Plugs (2mm in diameter) 

of mycelium bearing conidia of B. carbonum were taken from 
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15 day- old culture and were as eptically placed on the inocu-

lation s i te a nd wrapped with cottonwool moistened in sterile 

distilled water. Sterile PDA p lugs were used as controls. For 

each treatment 50 . cut shoots were inculated. After the inocu-

lation, the cut shoots were placed into the holes of styrofoam 

board which was floated on the culture solution (modified 

Ho agl and an~ Knop 's solut i on KN0
3

, 0.61 5 ; Ca(No
3

)
2

, 4H
2
o, 

0.95 g ; MgS04 , 7H20, 0.49 g; NH4 (H2Po4 ), 0.12 g; MnS0 4 , 4H
2
0, 

3.0 g ; Zn.so4 , 7H20, 0.5 mg; H
3

Po
3

, 0.5 ml; CuS04 • 5H20, 0.025 

mg; Na 2Moo4 • 2H20, 0.025 mg; H2so4 , 0.5 fl ; Fec6o
5

H
7

• 5H20, 

0.2 g ; Distilled water, ~ L.) kept in a glass chamber (45 em. 

x 30 em) for one week with aeration. 

(c) Detached leaf : 

A detached leaf technique as described by Dickens 

a nd Cook (1989) was used for artificial inoc ulation of leaves. 

Fre s h youn g , fully expanded tea leaves were detached from 

plants and placed in plastic tra ys lined with moist blotting 

p ap er . The leaves were inoculated as follows : 

(i) Two wounds were made on the adaxial surface of each leaf 

an d inoc~lated with plugs of g. carbonum (from 15-day-old 

culture) as described for cut shoots, except that mois-

tened cotton wool was omitted. Sterile PDA plugs were 

used as controls. 
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(ii) TwentyJUl droplets (2-4 per leaf) of conidial suspension 

(1 x 106 conidia/ml) of g. carbonum (prepared from 15-

day-old culture) were placed on the adaxial surface of 

each leaf with a hypodermic syringe. In control sets, drops 

of sterile distilled water were placed on the leaves. 

~ach trays was covered with a glass lid which was sealed 

with petroleum _jelly to minimize the drying of drops 

during incubation. Fifty leaves were inoculated in each 

treatment. 

E. Disease assessment 

(a) Whole plant : 

Symptoms on the leaves were assessed after 4,8, 

12 and 16 days after inoculation as described by Sinha and Das 

(1972), taking into consideration both number and size of the 

lesions. On the .basis of visual observation lesions were 

graded into four size groups, viz. very small, small, medium 

and large with respective values of 0.1, 0.25, 0.5 and 1.0 

assigned to give an approximate idea of their relative size. 

Number of lesions in each size group was multiplied by the 

value assigned to it, and the sum total of such values for all 

the leaves gave the disease index for a, plant. Results were 

always computed as the mean of observations on 20 plants (50 

young leaves randomly picked up from each plant) per treatment. 
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(b) Cut shoot : 

In the laboratory experiments the actual number 

of lesions that developed on the artificially inoculated 

shoots were counted after 24, 48 and 72 h after incubation. 

Diameter of the individual lesions were measured. They were 

graded into four groups and a value was assigned to each 

group. Very small restricted lesions, 1-2 mm diameter= 0.1 

2-4 mm diameter with sharply defined margin = 0.25 ; lesions 

with slow spread beyond 4 mm = 0.5 spreading lesions vari-

abl e in size, with diffused margin 1 1 .0 • Number of lesion s 
0 

in each group was multiplied by the value assigned to it and 

the sum total of such values were noted and disease index was 

compu~ed as the mean of observations on 50 cut shoots p er 

treatment. 

(c) Detached leaf : 

Percent dropspmycelial plugs that resulted in 

lesion production was calculeted after 24, 48 and 72 h of 

inocul ation. Diameter of the lesions were noted. Observations 

were ba sed on 50 inoculated leaves for each treatment and 

averag e of three separate experiments. 
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F. Method of application of chemica l s 

(a) Whole plant : 

Desired concentrations of chemicals were pre

pared and sprayed separately to leaves of tea plants until 

run off, thrice at an interval of 3 days. Last spray was 

given 3 days prior to inoculation. In all cases 0.05% Tween 

20 (Polyoxyethylene sorbitan monolaurat~) was added to all 

spraying solutions as wetting agent. Control (healthy) plants 

were sprayed with distilled water. 

(b) Cut shoot : 

Known concentration of chemical solution was 

prepared and poured into the gla ss chamber and a styrofoam 

board was floated on the solution. The tea shoots were colle-

ct~ from · the tea plants, grown in the experimental garden 

and they were transferred to the laboratory by dipping their 

cut ends into water. F' inally the twigs were placed into the . 
holes of the styrofoam board and floated on the chemical 

solution • Twigs were allowed to stand for 72 h and then trans-.. 

ferred to water and inoculated with plugs of B. carbonum. 

G. Extraction and estimation of phenol contents of healthy 

and infected tea leaves. 

(a) Extraction : 

Following the method of Mahadevan and Sridhar 
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( 1982 ) tot a l phenol and orthod ihydroxy phenols were extrac

ted from tea leaves. Fresh, young leaves (first, second and 

third) were collected from the experimental garden and kept 

in plastic trays as described in detached leaf inoculation 

technique. Leaves were mounted v1ith <i ... 'ops o: coLidial sus-

6 pension (1x10 spores/ml) of.§.. carbonum. Control sets were 

prepared by mounting the leaves with drops of sterile disti

l led water. Healthy and infected (48 h after inoculation) 

leaves (10 g) were taken out and placed separately in boi-

ling 80% ethanol (4 ml ethanol/g fresh weight leaf tissue) 

in Ehrlenmeyer flask (200 ml) for 30 min. cooled and 

crushed thoroughly in Waring blendor for 5-10 minutes, passed 

through two layers of cheese cloth and then filtered through 

filter paper. The volume was raised with 80% et hanol to 

represent 1g tissue in 5 ml alcohol. 

(b) Estimation :. 

(i) Total phenol 

The total phenol was estimated by Folin

ciocalteau's method as described by Bray and Thorpe (1954). 

One ml of the alcohol extract was taken in a 25 ml test tube, 

1 ml of Folin-ciocalteu's reagent was added, and 2 ml of 

20% Na2co
3 

solution was added. The tube was shaken and 

heated on a boiling water bath for 1 min. The tube was cooled 
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under tap water and volume r aised to 25 ml. A blank was 

prepared with all reagents except F'olin Ciocalteau' s to 

adjust the • .~ero' reading. Quantity of total phenol was 

estimated with caffeic acid standard curve in a Systronics 

photoelectric colorimeter Model-101 at 515 nm. 

(ii) Orthodihydroxy phenol : 

The quantity of orthodihydroxy phenol was 

estimated by Arnow's method (1933). Initially 1 ml of the 

alcohol extract was taken in a colorimeter tube and the 

following reagents were added -2 ml of 0.05 N HCl ; 1 ml of 

Arnow 's reagent (NaN0
3

, 10g ; Na2Moo4 , 10g ; Distilled water 

100 ml) and 2 ml of 1N NaOH. The volume was raised to 25 ml 

and absorbance was determined using a Systronics photoelect-

ric colorimeter 101, at 515 nm. A blank containing all the 

reagents minus Arnow's was o sed to adjust the absorbance to 

zero. Quantity of phenol was estimated following the standard 

curve made from caffeic acid. 

H. Extraction and separation of simple phenols (By thin 

layer chromatography. 

( a) Extraction : 

The method of Ha rborne (1973) was followed for 
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the extraction of phenols from healthy tea leaves. Fresh 

tea leaves (10g) were harvested from the experimental 

garden and were taken in 150 ml of 80% boiling ethanol in 

250 ml Ehrlenmyer flask and heated for 30 min. in a boiling 

water bath. Acid hydrolysis was then carried out with 2 M 

HCl for 30 min. The resultant solution was cooled and 

filtered and extracted with ·ether. Ether extract was evapo

rated to dryness. The residue was dissolved in ether 

( 0.05 ml/g ). 

(b) Separation : 

Thin layer chromatograms were prepared with 

silica gel G (0.2 mm thickness) and activated for 1 hr. at 

80°C. 10JU1 of the preparation of hydrolyzed ether extract 

of leaves, as well as authentic phenols and phenolic acids 

were separately spotted on separate activated chromatograms 

(20 em x 20· em plate)·. The spot was applied in one corner 1cm 
'I< 

apart from the two nearest sides and developed two dimension-

ally (Harborne 1973) in acetic acid -chloroform (1:9) in 
,, 

the first direction .and in ethyl acetate benzene (9:11) in 

the second direction. The solvent fronts were marked in the 

chromatograms. After drying the plates were observed under 

UV-light or sprayed with Folin-Ciocalteau's reagent, follow

ed by ammonia fuming. Rf. values of the separated phenols 
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of the extracts samples were compared with authentic phenols 

f or identification. 

I. Collection o f leaf diffuaates and bioassay : 

Leaf diffusates were omtained following drop 

diffusate tec hnique of Muller (1958) wito modification. Fresh, 

young leaves (first, second and third) were collected from tea 

plants, washed in sterile distilled water and blotted dry with 

blotting paper. Thirty leaves were placed on moist blo t ting 

paper in e ach plastic tray (38 ems. x 30 ems.). Twenty ~1 drop-

( ) ( ·6 I lets 2-4 per leaf of conidial suspension 2 x 10 ) conid ia 

ml) of B. carbonum (prepared from 15-day-old culture were placed 

on the adaxial surface of each leaf. In control sets drops o f 

steri~ e distilled water were p laced on the adaxial surface of 

leaves. Each tray was covered with a glass lid and sealed with 

a smea re of whi t e petroleum jelly in order to minimize the 

drying drops during incubation f or 48 h at 28°C in the dark. 

Drop s o f spores suspen$ion were collected from leaf surfaces, 

combin ed and centrifuged. Similarly control drops (exudate s) 

were sl so collected, combined and centrifuged. F inally, the 

diffusates (spore free supernant) and exudates were passed 

throug h s intered gl ass filter an d then immediately assayed for 

the i r e f fect on spore germination of ~· carbonum fo llowing 

the slide germination method as described by Trivedi and Sinha 
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(1976). For this 1.9 ml of diffusate was mixed with 0.1 ml 

of spore suspension of known concentration. Two drops 

(0.02 ml/drop) of dilute suspension were placed separately, 

at two points 3 em apart on a clean, grease free, glass 

slide. There were 5 slides per treatment. The slides were 

incubated in moist petridishes for 15 hr. at 25°C! 1. 

Finally, one drop of lactophenol was added to each spot to 
~ 

fix the germinated spores. 

The direct effects of the different chemicals 

on spore germination of ~· carbonum were also assayed using 

the slide germination method as described above. 

J. Detection of antifungal compound from healthy and 

infected leaves. 

(a) Extraction : 

Facilitated diffusion technique as described by 

Keen (1978) was followed for the extraction of antifungal 

compound from tea leaves inoculated with li• carbonum. Fresh 

young, fully expanded leaves were collected from the experi

mental garden and kept in plastic trays as described in 

detached leaf inoculation technique. Leaves were mounted with 

4-6 drops of conidial suspension (1 x 106 -spores/ml) of ~· 
carbonum. Control set were· prepared by mounting the leaves 
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with drops of distilled wa te1 · . Both h r:: :j lthy a nd inocul nt e d leav es 

( 50 g . e ac h) were t a ken out aft e r 24 a nd 48 t1 . of i n ocul a tion 

and kep t in Ehrlenmey e r flasks a n d v a cuum inf iltrat ed with 40~ 

aqueous et hanol (15 ml/ g fresh wt. tissue). The fl dsks c onta ining 

the p l a n t tissue i ::J JJe rsed in the ethan o l solution were stoppe red 

a n d pl a c e d on ~ rotary shak e r opera t inci at appro x imately 110 cyc l es 

p e.c min . at 25°C . Shaking for 12 h removed a majority o f the extra 

ctible anti f ungal compounds from tea leaves. After ag itation by 

shaking , the leaves were r e moved by filtration and the f iltr ·ate s 

we re v a cuum c oncdntrated to a pproximately one half volume at 45°C . 

T he concentrat ed solution was extracted thrice with ethylacetate 

and the organic layers pooled and dehydrated with Mgso4 • Both the 

a qu eous frac tion and ethyl acetate fraction were then vacuum 

c oncentrated separately to dryne s s , dissolved in methanol (0. 05 mg/ 

g ) a nd kept i n via ls for chromato graphi c a n a lysis. 

(b ) Chr o rndtographic analysis 

The water fraction and ethyl acetate fraction obtained 

from the ext r acts of healthy and inoculated (with~· carbonum) 

tea leav es were analyzed by thin layer chromstograp hy ( TLC ). 

For this purpose activated TLC plates '.vere spotted with 10 ,ul of 

the water fraction and ethyl acet a t e fraction and developed 

separat e ly in t wo differ ent solvent 
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systems (a) Chloroform : Methanol (9:1 v/v) and (b) Hexane 

Ethyl acetate: Methanol (60:40:1, v/v) in order to select 

the better one on the basis of the separation of the compound s . 

The solvent front was first marked on the chromatograms and 

after drying, the plates were observed under UV light or 

sprayed with the "following spray reagents : 

(i) Folin ciocalteau's reagent 

(ii) Diazotized, p-nitroaniline (5 ml of 0.5% 

p-nitroaniline solution in 2 N Hel + 0.5 ml of 

5% aqueous sodium nitrate solution + 15 ml of 

20% aqueous sodium acetate solution). 

(iii) Vanillin - H2so4 

(iv) FeC13 - K3Fe (CN) 6 

Rf values of the separated compounds and their 

colour reaction with different spraying reagents were noted. 

(c) Bioassay : 

The extracts from leaf tissue of tea plants were 

bioassayed 9n TLC plates using B. carbonum as the test organ

ism following the methods of Hofmans and Fuchs (1970). Both 

water and.· ethyl acetate extracts (10 fll) of healthy and inocu

lated tea leaves of susceptible and resistant varieties were 

applied in spots on TLC plates as described, and developed in 

chloroform Methanol (9:1, v/v). Following evaporation of the 

solvent, the thin layer plates were sprayed with spore sus-
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, 
pension of~· carbonum suppl~mented with Richards medium 

(1% KN0 3 , 0.5% KH2Po4 , ; 0.25% MgS04 , 7H2o, and 3% sucrose). 

The plates were then incubated in a sterile humid chamber 

at 25°C for 72 hours. Fungitoxicity was>ascertained by the 

presence of zones of inhibition, which appeared as white 

spots surrounded by a blackish background of mycelia. Inhi

bition zones were marked, diameters of the inhibition zone 

measured and their Rf values were determined. 

Ethyl acetate extracts of healthy and inoculated 

tea leaves of resistant and susceptible varieties were applied 

in spot ~ on TLC plate s . Silice gel corresponding to the inhi

biting zones of each treatment was scraped off separately from 

fresh TLC plates and eluted in methanol. The eluants were 

rechromatographed to purify them and then eluted again from 

the silica"gel. The purified eluants were concentrated to dry

ness, dissolved in methanol (0,01 ml/g fresh wt. tissue) and 

tested for antifung~l activities by the spore germination 

assay as described by Rouxel et al, (1989). Purified eluants 

( 10 f-1) were placed separately at two points 3 em apart on a 

clean grease free slide, The solvent was allowed to evaporate. 

One drop (0.02 ml/drop) of spore suspension was mounted on 

the same place, The slides were incubated in moist petridishes 

for 24 hat 25 ! 1°C. Finally one drop of lactophenol-cotton

blue was added to each spot to fix the germinated spores. 
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(d) UV - spectrophotometric analysis 

For UV- spectrophotometric studies, ethylacetate 

extract of both healthy and infected leaf samples of resis

tant and susceptible varieties ~ere spotted on TLC plates and 

developed in chloroform-Methanol (9: 1). Following evaporation 

of the solvent, silica gel from the corresponding antifungal 

zones of the TLC-plate bioassay were scrapped off and eluted 

separately in methanol. These were respotted on TLC plates 

and developed in the same solvent and again scraped and eluted 
• 

in methanol. The purified eluents were examined by UV-spectro

photometrr (Shimadzu-model 160). 

K. Extraction and estimation of total soluble protein 

content. 

(a) Extraction of plant protein 

Soluble proteins were extracted from healthy and 

inoculated (with~· carbonum) leaves of tea varieties follow

ing the method of Alba and DeVay (1985) with modification. 

Fresh young leaves (first, second and third) were collected 

from the experimental garden, and kept in plastic trays as 

described in detached leaf inoculation technique. Leaves were 

mounted with drops of conidial suspension (1 x 106 spores/ml) 

of B. carbonum. Control sets were prepared by mounting the 
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leav es with drops of sterile distilled water • . Healthy and 

infected (48 h after inoculation) leaves (30 g) were harv

ested and crushed with 30 g insoluble polyvinyl pyrrolidone 

(Sigma) in mortar and pestle in cold (4°C) and stored at 

-20°C for 1 hour and homogenized with 30 ml of 0.05 M Tris

H~l buffer, pH 7.4. The leaf slurry was strained through 

cheese cloth, and then was centrifuged (12,100g) for 60 min 

at 4°C., the supernatant separated and ~nown quantity of 

(NH4 )2 so4 was added to it for 100% precipitation (Green and 

Hughes, 1965), kept at 4°C for 12 h . • and centri~uged 

(10,000g) for 15 min at 4°C. The precipitate was dissolved 

in the same extractive buffer (pH 7.4) and dialysed against 

0.005 M tris-solution for 24 hr at 4°C. During this period 

10 changes were given. The dialysate (i.e., soluble protein) 

was used for gel electrophoretic study. 

(b) Extraction of mycelial protein : 

To extract soluble mycelial protein B. carbonum 

was grown ih sterilized liouid medium (g/L distilled water,~o~ 

50g, KN0
3

, 10g, K2HP04 , 5g ; MgS04 , 7H2o, 2.5g and FeC1
3

, 

o.02g) fo~ 15 days at 30 ! 1°C. Mycelia (50 g fresh wt.) were 

collected, washed with 0.2% NaCl solution, rewashed with 

sterile distilled water and crushed in cold (4°C), stored at 

-20°C for 2 hrs. Rest of the pro~edure was as described except 
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that sea sand ( 10g) was used in"stead of insoluble polyvinyl 
'-' 

pyrrolidone. The soluble protein was used for gel electro

phoretic study. 

(c) Estimation of protein content : 

The soluble proteins were estimated following 

the method of Lowry et.al, (1951). Initially an alkaline 

mixture was prapared by mixing of 0.5 ml of 1% euso4 , 0.5 ml 

of 296 ·sodium potassium tartarate, 50 ml of 296 Na2co
3 

dissol

ved in 0.1 N NaOH. Finally, reaction mixture was prepared by 

mixing 0.1 ml of the protein sample, 0.9 ml water and 5 ml 

of the alkali·ne mixture and incubated for 10 minutes. Subse

quently, 0.5 ml of folin-phenol solution (Eolin-phenol : 

water- 1:1) was added and again incubated for 15 minutes. 

In case of blank, water was used instead of protein sample. 

At the end of the incubation period, O.D. value of each sample 

was determined · by Systronicsphotoelectric colorimeter 101 

at 710 nm. Quantity of protein was estimated following the 

standard curve made with bovine serum albumin (BSA). 

L. Polyacrylamide gel electrophoresis o·f soluble protein 

(a) Prepara~ion of gel solution and gel column : 

Protein patterns of healthy and infected leaves 

of both resistant and .susceptible varieties of tea as well 
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as mycelia of B. carbonum were determined by polyacrylamide 

gel electrophoresis following the method of Davis (1964) with 

modifications. Clean gel tubes(12 em long, 4 mm. diam) were 

kept vertically on the tube stand. One end of each tube was 

closed with rubber cap. Mixture of working solutions were 

prepared as follows : 

Lower gel 

(Solution I:II:III :1:1:1) 

Solution I 

Acrylamide - 30 g 
Bisacrylamide - 0.8 g 
Distilled water - 100 ml 

Solution II 

Tris ..•......... . 18.15 

(N) Hel 24. 0 
TEMED 0.4 
Distilled water 100 

Solution III 

Ammonium peroxodi. 

g 
ml 
ml 

ml 

sulphate - 60 mg 
Distilled water - 100 ml 

Upper gel 

(Solution IV:V:VI :2:1:1) 

Solution IV 

Acrylamide - 5 g 

Bisacrylamide- 1.25 g 
Distilled water - 100 ml 

Solution V 

Tris ••.•••••..•.• 2.10 g 
(N) H~l 13 ml 
TEMED 0.2 ml 
Distilled water 86.8 ml. 

Solution VI 

Riboflavin 2 mg 

2M Sucrose - 100 ml. 

Lower gel solution was poured slowly into the 

tube upto a height of 9 em and a drop of water was placed on 

the top of the gel solution with a view to have a plain 

surface instead of concave one. The gel tube was kept as such 

until it became solidified. Water drop was soaked with filter 
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paper and the lower gel overlayered with the upper gel 

solution. Again, a drop of water was placed on the top of 

the gel solution and kept in light until the gel became 

solidified. The rubber cap was removed and the gel tube with 

gel column was fitted on to the upper reservior. 

(b) Electrophoresis : 

Soluble protein (0.01 ml = 150JUg) was added to 
, 

an equal volume of 2M sucrose and trace of bromophenol blue 

and eventually loaded on the gel column. Tris - glycine buffer 

L-Tris, 6g ; glycine, 28.8 g and distilled water upto 1 L·. 

(total volume of the solution) _7, pH 8.4 was poured into 

both the upper and lower buffer reserviors. The whole set was 

incubated in cold room at 4°C supplying a constant current 

of 3m Amp. per tube approx. for 3-4 hours until the dye 

front reached the bottom of the gel column. The gel was stai

ned with coomassie blue (0.25% in methanol : acetic acid : 

water : 5 : 1 : 5 ) for one hour and then destained with 

the appropriate solution (methanol : acetic acid : water : 

5 : 1 : 5) until the protein bands became clear. Rf values of 

individual bands were determined. 

M. Source and maintenance of rabbits for immunological 

works. 

Eight male rabbits used for immunological works 
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were supplied by M/s Sujit Sarkar, animal supplier. All of 

them were of Australian strain, and white in colour. (Plate 

II, fig .1). The initial weight of the rabbit varied from 

1.2- 1.8 Kg and their age varied from 9-12 months, before 

experimentation. The rabbits were kept in separate cages 

(60 em x 45 em x 30 em) attached with metal trays at the 

bottom and placed in a well ventilated cleaned room. Each 

rabbit was supplied with 40 g carrot (Daucus carota), 50 g 

soaked gram (Cicer ari . etinum), 50-70 g grass (Cynodon 

dactylon),4-5 leaves of lettuce (Lactuca sativa), cabbage 

(Brassica oleraceae L. var. capitata) or cauliflower (Brassica 

oleracea L. var botrytis) daily. Along with the food, fresh 

water supplied. The diet quantity was increased proportionally 

with the age of rabbits. Under new environmental conditions 

the rabbits were kept under close observation at least for 

a week before immunization. 

N. Preparation of antigen 

(a) Plant antigen : 

The leaf antigens were extracted following the 

procedure as described by Alba and DeVay (1985). Fresh, young 
... 

leaves (first, second and third) of resistant and susceptible 

varieties of tea were freshly harvested from plants grown in 
.. 

the experimental garden, washed with cold water and kept for 
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2 h at -25°C. Finally leaves (30 g fresh wt.) were pulveri

zed in mortar in cold (4°C) containing 30g of insoluble 

polyvinyl pyrrolidone. The leaf powder was suspended in 

0.05M sodium phosphate buffer (pH 7.0) containing 0.85% NaCl 

and 0.02 M ascorbic acid. The leaf slurry was strained through 

cheese cloth and centrifuged (12,100g) for 60 min~ · . at 4°C. 

The supernatants were equilbrated to 100% saturated ammonium 

sulphate under constant stirring, kept over nigh~ at 4°C and 

finally centrifuged (12, 100g) for 15 minutes at 4°C. The 

precipitate ,wobtained was dissolved in 0.05 M sodium phosphate 

buffer (pH-7 .0) and dialysed against 0.005 M sodium phosphate 

buffer (pH. 7.0) for 48 hat 4°C with eight changes, After 

dialysis the preparation was centrifuged (12,100g) for 15 

minutes at 4°C and supernatant was stored at -20°C until 

required. 

(b) Fungal antigen : 

Discs (4 mm) of mycelium were transferred to 

twenty 250 ml Ehrlenmeyer flask containing 50 ml of sterili

zed liquid medium (g/L distilled water, sucrose, 30g ; KN0
3

, 

10g ; KH2Po4 , 5g ; MgS04 , 7H20, 2.5 g and FeC13 , 0.02g)and 

incubated for 15 days at 30! 1°C. For extraction of soluble 

antigens, mycelial mats were harvested, washed with 0.2% NaCl 

and rewashed with sterile distilled water. Washed mycelia 
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(50g fresh wt.), were homogenized with 0 .05M sodium pho s

phate buffer (pH 7.4) containing 0.85% NaCl in a mort ar and 

pestle in the presence of sea sand. Cell homogenate s were 

kept overnight at 4°C under constant stirring and then c en

trifuged (15, ·Og) for 30 minutes at 4°C. The supernatant 

was equlibrated · to 100% saturated ammonium sulphate under 

constant stirring and kept overnight at 4°C. After thi s period 

the mixture was centrifuged (22,000g) for 30 minutes at 4°C, 

the supernatant discarded and the precipitate dissolved in 

10 ml 0.05 M phosphate buffer (pH 7.4). The preparation wa s 

dialysed for 48 h through. cellulose tubing (Sigma Chemical 

Co. USA) against 1L amounts of 0.005 M phosphate buff er 

(pH 7.4) with ten changes. After dialysis the pr eparation was 

c entrifuged (12, OOOg) for 15 minutes at 4°C and supernatant 

was stored at -20°C until required. 

The protein contents of both plant and fungal 

antigen preparations were determined following the method as 
~& 

described by Lowry e't1 al. ( 1951) using~ serum album in as the 

standard. 

0. Preparation of antisera 

(a) Immunization : 

Before immunization, normal sera were collected 
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from each rabbit. Antisera against antigens of host 

(£. sinensis) and pathogen (~. carbonum) were raised in 

separate rabbits (body weight at the time of immunizat i on 

1.8 to 2.0 Kg) by giving intermuscular injections (Plate II, 

fig.2) of antigen (1.5 mg/ml protein of either host or patho

gen) emulsified in equal volumes of Freund's complete adju

vant (Difco) and repeating the doses at 7 days intervals wi t h 

Freund's incomplete adjuvant (Difco) for 8· consecutive weeks. 

F ive days after the last injection the blood samples were 

collected. 

(b) Bleeding : 

Bleeding of rabbit was perf ormed by ear vein 

puncture. In order to bleed rabbit or to handle them during 

injection, the animal was taken out from the cage, plac ed on 

its back on the wooden board (measuring 60cm x 30cm x 1 e m, 

fixed in a 60° position) with the neck in the triangular gap 

and the head below the board ; legs were tied to the screw s 

and thus the body was fixed. The hairs were removed f rom t he 

vein of the ear with the help of razor and disinfected with 

rectified spirit. After irritation of the ear with xyl ene an 

incision was made with a sharp sterilized blade on the border 

vein of the ear and about 10 ml of the blood samples were 

collected in a sterile glass graduated tube, (Plat II, fig.3). 

After collection of desired quantity of blood all prec~ution 



PLATE- II f i g . 1 - A rabbit ( 9 -month- old); f i g . 2 - P..ntigen 

p reparat:ion b eing injected intramuscul .:J rly in rabbit f i c; . 3 -

Blo od coll t:=c tion by e a r vein punctu r e . 



PLATE - II 
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were taken to stop the flow of blood from the punctured area 

of the ear. The blood samples were kept as such for one hour 
0 

at 30 C for clotting. In order to avoid loss of serum included 

in the clot, it was loosened from the glass surface by ~rning 

a sterile wooden stick around the glass near the glass wall. 

Finally normal sera as well as antisera were clarified by 

centrifugation (2000 g for 10 minutes at 4°C), and di st ri-

buted in small amounts in sterile closed ampoules and stored 

at -20°C for further use. 

P. Determination of titre value 

Titres of antisera against the homologous anti

gens and titres of antigens against homologous antisera were 

determined following immunodiffusion technique as described 

by Ouchterlony (1967) and Clausen (1969). A constant amount 

(5f11) of undiluted antiserum or antigen was placed in the 

central well, while diluted antigens or antiserum (diluted 

with normal saline, 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64 and 

1:128) were pipetted into the outer well. Diffusion was 

allowed for 48-72 h at 25~C in a humid chamber. Titre was 

expressed as the reciprocal of the highest dilution of anti

serum or antigen which reacted with antigen or antiserum 

giving precipitin lines. 



88 

Q. Agar gel double diffusion 

Agar gel double diffusion test was performed 

following the method of Ouchterlony (1953, 1958). A conical 

flask (1L) containing 500 ml barbital buffer (0.05 M, pH. 

8.6) was placed in a boiling water bath. When the buffer 

was hot, it was mixed with 5g agar (Difco) and during the 

next 40 minutes, the flask was repeatedly taken out and 

shaken thoroughly in order to prepare absolutely clear mol

ten agar which was mixed with 0.1% (v/v) sodium azide ( a 

bacteriostatic agent). The medium was dispensed in sterile, 

square (6 em x 6 em) glass plates kept in petridishes, and 

3-8 reactant wells (7 ~ diam.) were cut out with a sterili

zed· ·cork borer at a distance of 5 mm from the central well. 

The antigens and undiluted antisera were pipetted directly 

into the appropriate wells and diffusion was allowed to con

tinue in a moist chamber at 2sOc for 48-72 h. Precipitation 

reaction was observed in the agar gel only in cases where 

common antigens were present. 

R. Immunoelectrophoretic technique 

(a) Preparation of agar slides : 

The glass slides (7.5 x 3.5 em) were degreased 

successively in 90% ethanol ; ethanol : ethyl ether (1:1 v/v) 

and ether. They were dried and numbered with glass marker and 

placed on horizontal wooden blocks. Thin and uniform layer 



89 

(2 mm thickness) of fluid agar medium (0.8%) Difco agar, 

0.1% NaN 3 dissolved in 0.05 M barbitol buffer pH - 8.6) was 

dispended on each slide taking care that no air bubble was 

present in the agar medium. This was necessary in order to 

avoid irregularity which may cause asymmetrical migration 

and diffusion during electrophoretic separation or the immuno

diffusion. The slides were placed in pairs in petridishes 

containing a few drops of water and stored at 4°C until use. 

(b) Electrophoretic step 

Two central wells (4 mm diam) were dug out from 

the agar plate of each slide following the conventional setup 

for comparison of two different antigens (Ouchterlony 1967). 

The slides was placed in the middle compartment of the electro

phoretic box. The anode and cathode chambers were filled with 

barbitol buffer (0.05 M; pH 8.6). Different antigens (10jUl 

each) were introduced into separate wells. Filter paper strips 

(Whatman-1) were soaked in buffer and laid on both ends of the 

slide s which connected the buffer solution in the anode and 

cathode compartments with the agar surfaces. An electric curr

ent 2.5 m Amp/slide ; 10 V /em was passed through the slides 

for 2 h. in cold (4°C). After electrophoresis the current was 

discontinued. 
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(c) Diffusion : 

A longitudinal trough parallel to the long edge 

of the slide was cut in the agar plate in between 2 wells 

and the undiluted antiserum (100JU1) was pipetted into the 

trou g h. Diffusion was al lowed to continue in a moist chamber 

at 25°C for 24-48 hr. Precipitation arcs were formed only 

when the common antigens were present. 

S. Washing, drying and staining of slides 

After immunodiffusion or immunoelectrophoresis 

the glass plates and slides were washed , with 0.~~ aqueous 

NaCl carefully for 48 hr to remove unreacted antigen and 

antibody widely dispersed in the agar;subsequently NaCl was 

washed with distilled water for 3 hr dried at 40°C for 30 

minutes and stained either with 0.5% coomassie blue or 0.5% 

amido black (0.5g co~assie blue or amido black, 5g HgC12 , 

5 ml glacial acetic acid, distilled water 95 ml) for 30 min. 

at room tempe r ature (28°C), washed thrice in 2% v/v acetic 

acid for 3 hr (1 hr each time) to remove excess stain. 

Finally they were washed with distilled water and dried at 

40°C for 30 minutes. 

T. Indirect Enzyme Linked Immunosorbant Assay (ELISA) 

Indirect ELISA technique described by Koenig 
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and Paul (1982) was adopted with modification. Plant and 

fungal antigen were serially diluted with coating buffer 

(0.005 M carbonate buffer, pH-9.6). Diluted antigens (200;ul) 

were added to each well of flat bottom micro-ELISA plates 

(Lexbro, Pune, India). The plates were incubated overnight 

at 4°C and then washed thrice by flooding the wells with 

0.15 M phosphate buffered saline pH- 7.2 containing 0.8% 

NaCl, 0.02% KCl and 0.05% Tween 20 (PBS-Tween). After each 

washing the plates were shaken dry. Subsequently, 200JU1 

PBS containing 1% Bovine serum albumin (BSA) were added to 

each well in order to saturate all unbound sites (Sengupta 

et. al. 1989). The plates were further incubated for 2 hat 

room temperature and washed thrice. Normal sera (as a control) 

and antisera of plant and fungal antigens were serially 

diluted with PBS -Tween containing 0.5% BSA. Two hundred 

jll of diluted sera were added to each well and incubated 

for overnight at 4°C. The plates were then washed thrice 

as before, shaken dry and 200pl of diluted (1 : 1000) goat 

antirabbit - IgG (whole molecule) - Horse radish peroxidase 

(HRPO) conjugate (Sigma) were added to each well except the 

first blank row and incubated for a further period of 2 h 

at 30°C. After a further wash~ with PBS, 200 ?1 of the 

enzyme substrate ~a-phenylenediamine, 1mg/ml in phosphate

citrate buffer pH 5.0, (25.7 ml 0.2 M dibasic sodium phos

phate, 24.3 ml 0.1 M citric acid, and 50 ml H20) and 0.012% 
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H2o2 was added just before use_i was added to each well. 

Colour development was stopped by adding 50JU1 of 2M H2so4 
after 30 min. and absorbance was determined by ELISA reader 

(Anthos Labtec, Model 2001, Austria) at 492 nm. 

U. Fluorescent antibody staining and microscopy: 

(a) ~· carbonum 

Following the method of Merz et al. (1969) with 

modifications mycelial antigens were grown on agar aquares 

(approximately 1 cm2) of a medium containing KNo 3 , 10g ; 

KH2Po4 , 5 g ; MgS04 • 7H20, 2.5g ; FeC13 , 0.02g ; Sucrose, 30g; 

agar, 20g ; and 1 litre of distilled water. The inoculated 

agar blocks were placed on sterile microscope slides, cov~red 

with sterile coverslips, and incubated in sterile Petrldishes 

comtaining filter paper at 25°C for 5 days. After inoculation 

the agar blocks were removed, and the mycelium that had adh

ered to the glass slide was fixed in 95% ethanol-ethyl ether 

(1:1,v/v) for 10 min. at room temperature then in 95% ethanol 

for 20 min at 37°C. The fixed mycelium was flooded with 

appropriate antiserum, and then incubated in a moist chamber 

for 30 min, followed by three washings (5 min each) with PBS, 

pH 7.4. The slides were then air dried ,and goat anti-rabbit 

IgG (whole molecule) conjugated woth fluorescein isothiocyanate 

(Sigma) diluted 1:10 with carbonate -bicarbonate buffer, 
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pH 9.6, was added for 30 min. The slides were then washed 

twice (5 min each) in PBS, pH 7.4 and once in distilled 

water. The slides were then air dried and mounted in a 

glycerol-based mounting medium, (Hardham et. al. 1986). 

A cover glass placed on the mycelium and sealed. 

(b) Leaf of £• sinensis 

For fluorescence staining of leaf material, the 

technique of DeVay et al, (1981) was followed. Leaves were 

collected from the experimental plot. Cross sections of the 

leaves through midrib portion were cut with a sharp blade. 

Thin sections were immersed in 100f11 of normal serum , or 

antiserum diluted ten fold with 0.01 M potassium phosphate 

buffer, pH 7.0, containing 0.14 M NaCl, and incubated for 30 

min. at 27°C. The leaf sections were washed by shaking then 

in 4 ml of the buffer for 15 min and then transferring tbem 

to a 5 pl drop of goat antiserum specific to rabbit globulins 

and conjugated with fluorescein isothiocyanate (FITC). The 

sections were incubated for 30 min in a moist chamber at 27°C 

All operations with FITC - labelled antibodies were made in 

darkness or very low light. The sections were then transferred 

to 4 ml of buffer and incubated with shaking for 15 min at 

27°C. The last step was repeated and then the sections were 
.; 

mounted on a slide in 100~1 of the glycerol-based mounting 

media. A cover slip was placed on the tissue sections ands~. 
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Fluorescences o! the lea! sections and o! myce

lial preparations were observed using a Carl Zeiss (JENA) 

photomicroscopes ( Made · in GDR) equipped with filters appro-

priate for FITC fluorescence. Photographs were taken on Kodak 

film (400 ASA). Photographs were also taken in Willovert 

microscope (West German) for comparison of treatments. 


