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4.1. Pathogenicity test of Pestalotiopsis tlteae on different tea varieties 

Thirty two clonal varieties and five seed varieties of tea released by Tocklai Experimental 

Station, Jorhat, Assam ; Darjeeling Tea Research Centre, Kurseong, Darjeeling, and UP ASI 

Tea Research Centre, Valparai, Tamilnadu were used for varietal resistance 

tests against Pestalotiopsis theae following detached leaf and cut shoot inoculation techniques. 

Methods of inoculation, incubation conditions and disease assessment procedures have been 

described in detail under Materials and Methods and results are given in Tables 1-6, Figs. 1 & 

2 and Plate VI (figs. A & B). 

4.1.1. Detachetl leaf 

Artificial inoculation of detached tea leaves of 13 Tocklai varieties, 9 UP ASI varieties 

and 15 Darjeeling varieties were carried out separately as described previously. After 48, 72 

and 96 h of inoculation, assessment of inoculation infectivity and symptom development were 

done on the basis of percent drops that resulted in disease production, which were determined 

from 50 leaves of each variety after every interval separately. Experiments were repeated 

thrice. Results revealed that, in case ofTocklai varieties, Teenali 17/1/54 was most susceptible 

followed by TV 23, TV 27, TS 449, TV 28, TV 9, TV 18, TV 29 and TV 22, while, TV 26 and 

TV 20 were found to be most resistant followed by TV 25 and TV 30. After 96 h of inoculation, 

71% lesion production was obtained in Teenali- 17/1154 while in TV 26 and TV 20, 

approximately 20% lesion production was observed (Table 1 ). On the basis of significance 

tests (t-test), the varieties were grouped into highly susceptible (Teenali- 17/1/54 and TV 23), 

highly resistant (TV 20, TV 26, TV 25 and TV 30) and moderately susceptible or resistant. 

Among the UP ASI varieties, UP ASI - 8 and UP ASI - 9 were found to be most susceptible 

followed by BSS-1 and UPASI-17 and UPASI-2 were resistant and BSS-2, BSS-3 and 

UPASI-3 were moderately resistant (Table 2). Maximum lesion production among UPASI 

varieties was 66% (UP ASI -8) and minimum was 17% (UP ASI -17), after 96 h of inoculation. 

In case ofDarjeeling varieties, B-157 and P-312 were found to be most susceptible, followed 

by T-78, T-135, Bt-15, B-777, BS-7 A/76 and P1258, while, CPI was most resistant, followed 

by HV-39, TTVI, B-668, K 1/1, AV-2 and RR-17 (Table 3, Fig. 1). In the most resistant 

variety, CP-1, only 11% lesion production was obtained after 96 h of inoculation, as compared 

to 60% in the most susceptible variety, B 15 7. Among all the 3 7 varieties of tea tested, maximum 

and minimum susceptibilities were exhibited by Teenali-17 /1/54 and CP-1 , respectively. 
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Table-t Pathogenicity test of Pestalotiopsis tlteae on Tocklai varieties oftea following 

detached leaf inoculation. 

a 

± 
• 

Percentage lesion production a 

Tea Varieties Hours after inoculation 

48 72 96 

TV 9 21.0±.1.2 27.2 ± 1.0 *39.5 ± 2.1 

TV 18 22.3 ±.1.8 29.3 ±.2.2 37.5 ±.1.2 

TV20 16.7 ±.1.7 18.7 ±.1.2 19.7 b ±.3.2 

TV22 14.5 ±.1.2 25.5 ±.1.3 31.5 ±.1.0 

TV23 45.2 ±.2.4 55.0 ±.3.9 60.2c±.2.75 

TV 25 15.5 ±.3.9 20.8 ±.1.6 22.9b ±.2.2 

TV26 12.8 ±.3.1 17.5 ±.1.8 19.7b ±.2.1 

TV27 27.8 ±.2.0 42.6 ±.2.9 55.oc ±.1.8 

TV 28 25.2 ±.1.75 40.6 ±.4.1 40.6 ±.1.0 

TV29 19.8 ±.1.0 33.2 ±.3.6 34.2 ±.1.2 

TV30 17.6 + 2.1 22.6 ±.2.2 23.5b ±.1.9 

Teenali 17/1/54 49.5 ±.1.7 65.4 ±.2.9 70.9c ±...2.9 

TS-449 32.5 ±.1.6 37.5 ±.1.7 42.0 ±.1.6 

Average of three separate trials ; 50 leaves inoculated in each trial. 

Standard error. 

Difference beween values with similar superscripts insignificant at P = 0.01. 
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Table-2 Pathogenicity test of Pestalotiopsis theae on UP ASI varieties of tea 

by detached leaf inoculation. 

Percentage lesion production a 

Tea Varieties Hours abter inoculation 

a 

+ 

* 

48 72 96 

UPASI-2 8.0 ±...2.1 12.7 ±...1.8 *18.0 c±...2.3 

UPASI-3 9.2 ±...1.0 18.2±...1.1 25.2 ±...1.4 

UPASI-8 42.0 ±...1.3 52.0 ±...1.2 65.7 b±...I.6 

UPASI-9 12.0 ±...0.7 40.0 ±...3.1 55.7 b±...2.0 

UPASI-17 7.0 ±...3.1 11.5 ±...3.6 17.2 c±...2.1 

UPASI-26 18.6 ±...2.0 32.3 ±...2.6 47.5 ±...2.0 

BSS-1 19.0 ±...0.9 31.5 ±...1.1 48.0 ±...1.3 

BSS-2 12.0 ±...1.7 23.0 ±...1.8 29.7 ±...1.9 

BSS-3 13.0 ±...1.6 27.0 ±...1.5 32.5 ±...1.4 

Average of three separate trials ; 50 leaves inoculated in each trial. 

Standard error. . 

Difference between values with similar supercripts insignificant at P = 0.0 1. 
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Table-3 

Tea Varieties 

BS/7A/76 

T- 78 

T- 135 

B- 157 

B-668 

B-777 

AV-2 

HV- 39 

p- 132 

Kl/1 

TTY 1 

P-1258 

Bt-15 

RR-17 

CP-1 
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Pathogenicity test of Pestalotiopsis t!zeae on Darjeeling varieties of 

tea by detached leaf inoculation 

Percentage lesion production a 

ours after inoculation 

48 72 96 

15.2 ±...1.0 20.1 ±...1.1 *36.8 ±...1.0 

12.6 ±...1.2 25 .0 ±...1.4 42.00 ±...1.0 

7.8 ±...3.1 19.52 ±_3.4 39.17 ±...3.1 

31.2 ±...2.4 42.5 ±...2 .6 60.12b ±...2.0 

3.0 ±...1.9 9.0 ±...1.8 18.64c ±...2.2 

12.7 ±...1.8 22.5 ±...2.0 37.19 ±_3.4 

3.5 ±...1.3 7.5 ±... 1.2 25 .ooc ±... 4.1 

2.5 ±...1.9 5.0±..1.1 15J6c ±J. 7 

11.7 ±...2.5 27.5 ±...2.4 50.00b ±...2.9 

2.0 ±...1.7 7.01 ±_1.8 21.89c ±...2.8 

2.0 ±...1.9 5.0 ±..2.8 16.30c ±...3.4 

10.3 ±...2.1 20.0 ±...2.7 34.00 ±...3.1 

9.0 ±_3.1 3.0 ±...3.0 39.02 ±...3 .1 

10.7 ±...2.1 15.0 ±...2.2 28.24 ±..3.0 

3.5 ±.2.5 8.09 ±...1.9 11.60c ±...2.4 

a Average of three separate trials ; 50 leaves inoculated in each trial. 

+ Standard error. 

* Difference between values with similar superscripts insignificant at P = 0.01 . 
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PLATE VI ( figs.A-D). A-Twig of UP ASI 8 artificially inoculated 
with P . theae ; B -detached leaves after artificial 
inoculation ; C - conidia of P. theae ; D- P. theae 

grown on RM showing black acervuli 
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4.1.2 Cut Shoot 

Pathogenicity of P.theae on 33 varieties of tea including 13 Tocklai, 5 UPASI and 15 

Darjeeling were also tested by cut shoot inoculation as described in Materials and Methods. 

Disease was assessed on the basis of mean number of lesions per shoot from which mean 

disease index per shoot was calculated after 48,72 and 96 h of inoculation. Results (Tables 4-

6) confirmed the trend shown in detached leaf inoculation technique. Among the Tocklai 

varieties tested, highest disease index was evident in Teenali- 17/1154 and lowest in TV -26 

(Table 4). Cut shoots ofTeenali-17/1154 exhibited lesions variable in sige (2-3 mm dia) which 

appeared on third and fourth leaves within 48 h of inoc lation, in case of Tocklai varieties. 

Spreading of these lesions (1 0-15 mm dia) with diffused margins were evident on the leaves 

after 96 h of inoculation. In contrast, at this interval ,' ut shoots of TV -26, TV 20 and TV 25 

exhibited restricted lesion. In case ofUPASI varieties, UPASI-8 showed highest disease index 

and UPASI-2 exihibited lowest disease index value, as revealed in Table 5 (4.50 and 0.72 

respectively). A maximum desea!:._; index value of7.0 was exhibited by B-157 and minimum of 

0.45 by CP-1, among the different Darjeeling varieties tested (Table 6). 

Among all the 33 varieties tested, Teenali-17/1/54 was the most susceptible, followed 

by TV 23 and B-157 while, CP-1 was the most resistant followed by UPASI- 2, TTV1 and 

TV 26 on th basis of cut shoot inoculation (Fig - 2). This was in confirmity with results of 

detached leaf inoculation. 

4.2 Cultural conditions affecting growth of P.theae 

The growth of fungi both in natural conditions and in vitro is greatly influenced by 

different factors. The isolate of P.theae causing grey blight disease was studied for its growth 

and sporulation behaviour. P. theae generally exhibited white mycelial growh from which greenish 

black acervuli developed (Plate-VI, fig, D.) Maximum growth was recorded at a temperature 

of 25°C. When the cultures were exposed to alternating light and dark periods, rhythmic 

growth of the mycelium was observed. 

Large number of condia were produced within the acervuli. Conidial morphology, was 

studied under bright field and phase contrast using Leica microscope (Plate-VI, fig. C). 

Conidiophores fmmed from the upper cells of the acervulus were hyaline, cylindrical or ovoid 

to obpyriform, 1-5 J..lm in diameter and 10-15 J..lm long. Conidia long, fusifonn, straight, rarely 

curved, 5-celled, slightly constricted at septa, 27 x 7 J..lm; intermediate coloured cells 

approximately 18 J..lm long, equally dark olivaceous ; apical and basal cells hyaline, 4-6 }lm 

long, apical cell cylindrical with 2-4 filiform setulae 30 J..lm long, basal cell conical. 
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Table- 4 
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Pathogeneity test of Pestalotiopsis tlzeae on Tocklai varieties 

of tea following cut shoot inoculation. 

Hours after inoculation 

Tea Varieties 48 72 96 
· Mean no.of Mean disease Mean no. of Mean • isease Mean no. of Mean disease 

lesion/shoot index/shoot lesion/shoot index/shoot lesion/shoot index/shoot. 

TV-9 3.9 2.9 4.35 4.39 4.5 6.8 

TV-18 3.1 3.2 3.75 4.75 4.3 6.0 

TV-20 3.0 1.2 3.2 1.4 3.4 1.9 

TV-22 3.4 2.8 3.7 3.5 4.0 4.0 

TS-449 4.1 3.4 4.7 4.8 4.9 6.35 

TV-23 5.0 4.1 6.9 5.5 9.0 7.2 

TV-25 3.1 1.9 3.4 2.34 3.7 2.8 

TV-26 2.75 0.8 2.9 1.0 3.2 1.4 

TV-27 5.5 4.0 8.0 5.2 11.0 7.0 

TV-28 4.0 3.0 4.5 4.5 4.6 6.2 

TV-29 3.2 3.0 3.8 4.5 4.3 5.0 

TV-30 3.2 2.2 3.5 3.1 3.9 3.4 

Teen ali 5.5 4.2 7.5 4.8 11 .5 8.0 

17/1/54 

Average of 50 shoots/variety. 

4.2.1 Solid Media 

The fungus was grown in five different media. Potato dextrose agar, Richard's agar, 

Flentze's soil extract agar, carrot juice agar and Czapek-dox agar. In each medium, mycelial 

growth rate was recorded after 4,6,8 and 10 days of incubation at 25 ± 2°C. It appears from 

the result (Table 7) that growth rate on carrot juice agar and Czapek-dox agar was more t~an 

others. On carrot juice agar medium growth was sparse on the periphery but dense in the 

centre. Acervuli developed from small yellowish hyphal aggregations which ultimately formed 

conspicuous greenish black spore masses in both the media. Maximum sporulation was observed 

in potato dextrose agar, Richard's agar and Czapek-dox agar media. No sporulation was 

observed in Flentzes soil extract agar medium. 
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Table- 5 Pathogeni~ity test of Pestalotiopsis tlzee on UPSAI varieties 

of tea following cut shoot inoculation. 

Hours after inoculation 

Tea Varieties 48 72 96 

Mean no.of Mean disease Mean no. of Mean disease Mean no. of Mean disease 

lesion/shoot index/shoot lesion/shoot index/shoot lesion/shoot index/shoot. 

UPASI-2 2.1 0.6 2.2 0.7 2.4 0.7 

UPASI-3 2.2 0.8 3.1 1.0 4.0 1.0 

UPASI-8 6.1 3.0 9.7 3.6 11.0 4.5 

UPASI-9 5.3 2.6 9.0 3.2 9.8 4.1 

UPASI-26 3.9 1.8 4.3 2.6 7.0 3.34 

50 shoots per treatment 

4.2.2 Liquid media 

The effect of some factors generally known to influence mycelial growth such as 

incubation period; pH of the medium, different carbon and nitrogen sources on the mycelial 

growth of P. theae in vitro was determined and the results are presented below. 

4.2.2.1 Incubation period. 

P.theae was grown in Richard's medium (RM) for a period of35 days. Mycelial growth 

of the fungus was recorded after 5,1 0,15,20,25,30 and 35 days of incubation at 25 ± 1 °C. The 

results are embodied in Table 8. Maximum growth (315mg) of P. theae was recorded after 20 

days of incubation and then rate of growth declined. Mycelial growth increased from 15 to 20 

days incubation and decreased from 25 days onwards. 



Table- 6 

Tea Varieties 

BS/7A/76 

T-78 
T-135 
B-157 
B-668 
B-777 
AV2 

-- HV39 
p 312 
K 111 

TTVI 
P-1258 
Bt-15 
RR-17 
CP-1 
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Pathogenicity test Pestalotiopsis theae on Darjeeling varieties 

following cut shoot inoculation. 

Hours after inoculation 

48 72 96 

Mean no.of Mean disease Mean no. of Mean disease Mean no. of Mean disease 

lesion/shoot index/shoot lesion/shoot index/shoot lesion/shoot index/shoot. 

3.2 2.2 4.4 2.5 4.6 3.6 
5.0 4.4 6.9 5.4 9.5 6.0 
4.2 3.4 5.5 3.9 7.5 5.2 

6.0 4.9 9.9 5.9 11.8 7.0 

3.1 0.91 3.7 1.0 4.1 1. 

3.7 2.8 3.8 3.5 4.5 4.9 
3.2 1.1 3.4 1.3 4.4 2.5 
2.8 0.8 2.9 0.9 2.9 0.9 
5.9 4.6 7.8 5.9 10.0 6.2 
3.1 1.0 3.6 1.2 4.2 2.4 
2.9 0.8 3.1 0.01 3.5 1.4 
3.4 2.0 3.9 2.5 5.0 3.4 
4.0 3.0 4.5 3.5 4. 5.1 
3.4 1.9 3.6 2.5 4.8 3.2 
1.02 0.4 1.1 0.4 1.55 0.5 

50 shoots per treatment. 

I 
I 

I 
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Table 7 Effect of different media on mycelial growth and 

sporulation of P.theo.e. 

Medium 

Potato dextrose 

agar 

Richard's 

medium 

Fletze's 

soil extract agar 

Carrot juice 

agar media 

Czapekdox 

agar 

Diameter of mycelia (mm)• 

Incubation period (days) 

4 6 8 

32.2 ± 0.34 42.2 ± 1.02 66.0 ± 2.4 

31.2 ± 0.42 37.5 ± 1.00 64.0 ± 1.4 

28.2 ± 2.1 56.0 ± 2.0 78.0 ± 2.2 

33.2 ± 0.79 55.0 ± 3.1 82.0 ± 2.2 

20.0 ± 0.79 25.0 ± 2.0 55.0 ± 2.1 

Incubation temparature - 25 ± 2°C 

a Average of three replicates 

b Excellent(++); Good(+); No(-); 

± Standard error. 

c After 1 0 days of incubation. 

10 Sporulation b,c 

89.0 ± 1.2 ++ 

85.0 ± 3.1 ++ 

893.0 ± 3.1 

90.0 ± 1.3 + 

90.0 ± 2.3 ++ 
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Effect of incubation period on mycelial growth of P.theae. 

Incubation period 

(days) 

5 

10 

15 

20 

25 

30 

35 

a Average of five replicates. 

± Standard error. 

Temperature : 25 ± l °C. 

Mean mycelial dry weight 

(mg)" 

36.8 ± 2.82 

199.4 ± 3.79 

289.2 ± 3.62 

315.2±2.69 

280.8 ± 2.55 

254.6 ± 2.97 

249.2 ± 2.69 

4.2.2.2 pH 

It is well known that the pH of the medium influences the growth of microorganisms. 

The utilization of nutrientsdepends partially upon the pH of the culture medium. To determine 

the effect of pH, buffer systems have to be used to stabilize the pH. Initially buffer solutions 

with pH values ranging from 3.0 to 8.0 (3.0, 4.0, 5.0, 5.5, 6.0, 6.5, 7.0 and 8.0) were prepared 

by mixing KH2 PO 4 and ~ HPO 4 each at 0.03M concentration. The pH was finally adjusted 

using N/1 0 HCl or Nil 0 NaOH in each case. Richard's medium and phosphate buffer were 

sterilized separately by autoclaving for 15 min at 15 lb p.s.i. pressure and equal parts of the 

buffer solution and medium were mixed before use. Each flask (250 ml) containing 50 ml of 

the medium was then inoculated with mycelial block ( 4 mm dia) of P.theae and incubated for 

20 days at ~so± 1 °C. Results (Table 9) revealed that P.theae grew over a wide range of pH 

(4.0- 8.0) and showed optimum growth at pH 6.5. Mycelial growth increased up to pH 6.5 

and then gradually declined. 
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Table 9: Effect of pH on mycelial growth of P.tlzeae. 

4.2.2.3 

pH of medium 

3.0 

4.0 

5.0 

5.5 

6.0 

6.5 

7.0 

8.0 

a Average of five replicates. 

± Standard Error. 

Temperature: 25 ± 1 °C. 

Incubation period : 20 days. 

Carbon sources 

Mean mycelial dry weight 

(mg)a 

58.4 ± 2.82 

235.4 ± 3.31 

306.7 ± 4.82 

435 .6 ± 4.83 

512.9 ± 4.18 

630.6 ± 4.20 

580.6 ± 4.18 

239.7 ± 4.32 

The ability of fungi to grow in different media depends on their capacity to utilize the 

available nutrients, of which carbohydrates are the major ones. All carbohydrates are not 

utilized by the fungus in the same rate and so the growth rate varies with different carhon 

sources. In the present investigation, nine different carbon sources (cellulose, dextrose, fructose, 

lactose, maltose, mannitol, sorbose, starch and sucrose) were tested for their effect on the 

grwoth of P. thea e. Richard's medium without sugar was used as the basal medium. Data were 

recorded after 10, 15 and 20 days of incubation. Results given in Table 10 revealed maximum 

growth of P. theae in the medium containing sucrose as the carbon source. Good sporulation 

was observed in case of dextrose, sucrose and maltose. Among the tested carbohydrates least 

growth occurred in lactose followed by mannitol 
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Table 10: Effect of different carbon sources on mycelial growth of P.tlteae. 

Incubation period (days) 

10 15 20 Carbon 
sources Dry sporulation b Dry sporulation b Dry sporulationb 

Cellulose 

Dextrose 

Fructose 

Lactose 

Maltose 

Sorbose 

Starch 

Sucrose 

Control 
(without carbon) 

wt • 

34.6 
± 2.16 

116.9 
± 3.29 

62.4 
± 2.39 

9.3 
± 1.02 

28.3 
± 0.89 

78.2 
± 2.23 

66.4 
± 1.21 

119.9 
± 3.31 

0 

a Average of three replicates. 

++ 

+ 

++ 

wt a 

(mg) 

57.2 
± 1.69 

192.6 
± 2.89 

107.2 
± 1.39 

16.8 
± 3.32 

49.6 
± 2.1 

116.9 
± 2.89 

112.6 
± 3.26 

212.2 
6.32 

0 

b Nil; + Poor; ++ Fair; +++ Good 

++++ Excellent. Temperature 25 ± 1 °C. 

+++ 

+ 

++ 

+ 

+++ 

wt.• 
Ong/ 

86.2 
± 1.17 

301.5 
± 4.16 

161.2 
± 3.21 

21.2 
± 2.9 

68.5 
± 1.69 

197.1 
± 4.33 

168.9 
± 3.71 

312.5 
± 4.21 

0 

++++ 

+ 

+++ 

++ 

++++ 
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Table 11 Effect of different nitrogen sources on mycelial 

growth of P.tlleae. 

Incubation period (Days) 

Nitrogen 10 15 20 
sources Dry a Sporulation b Dry a Sporulation b Dry a Sporulationb 

wt wt wt. 
(mg) (mg) (mg) 

Inorganic Sources 

Ammonium nitrate 132.6 231.9 + 366.2 ++ 
± 3.29 ± 2.12 ± 1.29 

Ammonium sulphate 111.5 195.6 316.9 
± 2.26 ± 3.21 ± 2.18 

Calcium nitrate 106.9 192.9 + 301.1 + 
± 3.32 ± 1.33 ± 3.21 

Potassium nitrate 117.9 ++ 209.8 +++ 340.5 ++++ 
± 2.39 ± 2.31 ± 2.19 

Sodium nitrate 99.5 182.5 ++ 281.2 +++ 
± 2.23 ± 2.39 ± 3.49 

Organic Sourcesl 

Beef extract. 199.8 + 345.9 ++ 582.9 +++ 
± 3.21 ± 3.33 ± 6.1 2 

Casein 195 .2 316.4 + 523.6 + 
± 1.27 ± 2.39 ± 2.19 

Peptone 168.9 + 306.12 + 479.9 ++ 
± 3.24 ± 4.18 ± 4.32 

Yeast extract. 182.6 + 319.2 ++ 492.9 +++ 
± 2.87 ± 2.89 ± 6.12 

Control 9.1 14.2 17.9 
(without nitrogen) ± 0.81 ± 0.92 ± t, l6 

a Average of three replicates. b Nil ; 
+ Poor; ++ Fair; +++ Good; ++++ Excellent; Temperature 25 ± 1 °C. 
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4.2.2.4 Nitrogen Sources 

Nitrogen is undoubtedly the most important single nutrient necessary for the growth 

of an organism. The availability of nitrogen depends to a great degree on the fom in which it 

is supplied. Hence, the most suitable nitrogen source for any particular microorganism can 

only be determined by testing a number of sources including both inorganic and organic. The 

effect of inorganic nitrogen sources (potassium nitrate, sodium nitrate, calcium nitrate, 

arnmonium sulphate and ammonium nitrate) as well as complex organic sources (peptone, 

casein, beef extracts and yeast extract) on the mycelial growth of P.theae was tested. A basal 

medium without any nitrogen source was considered as control. Data recorded after I 0, 15 

and 20 days of incubation showed casein to be optimum for growth of P.theae, followed by 

beef extracts (Table 11 ). Among inorganic sources anunonium nitrate showed maximum growth 

followed by potassium nitrate. Only insignificant growth was noted without nitrogen. 

Sporulation was maximum in potassium nitrate. 

4.3 Detection of cross reactive antigens between P.theae and tea varieties 

The presence of cross reactive antigens among hosts and pathogenic organic organisms 

is a well documented phenomenon. Existing studies on plant hosts and pathogens suggests 

that whenever, an intimate and continuing association of sales of host and pathogen occurs, 

partnars of this association have a unique serological resemblance to one another involving 

one or more antigenic determinants. 

Various methods have been generally used to detect the presence of cross reactive 

antigens between host and parasite. Earlier techniques like immunodiffusion and 

immunoelectrophoresis are being currently replaced by more advanced techniques like ELISA 

and immw1ofluorescence. In the present investigation, cross reactive antigens between P. theae 

and tea varieties have been detected using immunodiffusion, immunoelectrophoresis and ELISA. 

Series of experiments performed and results obtained have been presented below. 

4.3.1 Immunodiffusion tests 

The effectiveness of antigen preparations from P.theae (isolate Pt-2) and tea leaves 

(CP-1 and Teenali 1711/54) were checked by homologous cross reaction following 

immunodiffusion tests. Control sets involving normal sera and antigens of tea leaves and 

pathogen (Pt-2 and 3) were all negative. Strong precipitin reaction occurred when antiserum 

raised against mycelia of P.theae (Pt 2A) was reacted with its own antigen and the antigen of 

other isolates (Table 12, Plate VII; fig. A). When anti P.theae antiserum was cross reacted 



80 

with leaf antigens prepared from 3 7 tea varieties including 13 Tocklai, 15 Darjeeling and 9 

UPASI varieties, 12 varieties (TV 22, TV 23, TV 27, TV 28, Teenali 17/1/54, UPASI-8, 

UPASI 9, BSS1, T78, B 157, P 1258, RR 17) exihibited precipitin bands in immunodiffusion 

test (Table 12). However, weak precipitin reactions were observed with antigen of other 13 

varieties (TV 9, TV 18, TV 20, TV 25, TV 30, TS 449, UPASI 26, BS 7A/76, T-135, AV 2, 

P 312, K 111, P 1258). No such precipitin reactions were observed in case of antigens of 10 

varieties tested ( TV26, UPASI 3, BSS 2, BSS 3, B 668, B 777, HV 39, TTV 1, CP 1) as well 

as with antigen preparation from three non host species. viz, Glycine max ( cv. Soymax), Cicer 

arietinum (cv. JG-62) and Camelliajaponicum and two non pathogens of tea (Bipolaris 

tetramera and Fusarium oxysporum). 

Reciprocal cross reaction using antiserum of CP-1 and antigens prepared from leaves 

of37 tea varieties, 3 non host species, 5 isolates of P.theae (pathogen) and 2 non pathogens of 

tea were also carried out. Results (Table 13) revealed that none of the isolates of P. theae could 

develop any precipitin reaction with anti-CP-1 antiserum (Plate VII, fig. B). Non host specis 

and non pathogen also failed to develop any precipitin band. and non pathogen also failed to 

develop any precipitin band. 

To confirm the presence of common antigens between P. theae and tea varieties, 

reciprocal cross reaction with antiserum of Teenali 17/1/54 was also carried out with leaf 

antigen ofhosts and non hosts as well as with mycelial antigens of pathogen and non pathogen. 

Results are presented in Table 14. Strong precipitin reactions were observed in homologous 

reactions (Plate VII)ig. C) with the antigens of most of the Tocklai varieties except, 

TV26,whereas weak precipitin bands were noticed when reacted with antigens prepared from 

UP ASI varieties, excepting UP ASI -2 ; where no precipitin band was observed. In repeated 

trials with anti-Teenali 17/1/54 antiserum, no such precipitin reaction could be observed in 

immunodiffusion tests with leaf antigens oftwo Darjeeling varieties TTV1 and CP1 and also 

rion host species. It is interesting to note that an1ong 5 isolates of P.theae only two isolates (Pt-

1 and Pt-2) reacted strongly, whereas, other three isolates, Pt-3, Pt-4 and Pt-5 formed only 

weak precipitin lines (Plate VII, fig. D) in agar gel double diffusion tests. 



Pt1a 

Pt1a 
Pt3a 

c 

PLATE VII (figs.A-D). Agar gel double diffusion tests .Central wells contain 
antisera to P.theae (A), CP 1 ( B ) and Teenali 17/1/54 (C&D). 
Peripheral wells contain antigens of P.theae (A, B & D) , tea 
leaves ( B, C & D) , non host and non pathogen ( B ) 

B 
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Table 12 Detection of cross reactive antigens among tea varieties and 

Pestalotiopsis theae using agar gel double diffusion tests. 

Antigen of host Antisera of P.theae Antigen of host Antisera of P.theae 
and parasite host and parasite 

Precipitin arc Precipitin arc 

Tocklai varieties Darjccling varieties 

TV-9 ± BS/7A/76 ± 

TV-18 ± T-78 + 
TV-20 ± T-135 ± 

TV-22 + B-157 + 
TV-23 + B-668 

TV-25 ± B-777 

TV-26 AV-2 ± 

TV-27 + HV-39 

TV-28 + P-312 ± 

TV-29 ± K 111 ± 

TV-30 ± TTV1 

Teenali 17/1/54 + P-1258 + 
TS-449 ± BT-15 ± 

RR-17 + 
UP ASI varieties CP-1 

UPASI-2 Isolates of 

UPASI-3 Pathogen 

UPASI-8 + Pt-1 + 
UPASI-9 + Pt-2 + 
UPASI-17 Pt-3 + 
UPASI-26 ± Pt-4 + 
BSS 1 + Pt-5 + 
BSS 2 

BSS 3 Non host 

Non Pahogens Glycine max 

Fusarium oxysporum Cicer arietinum 

Bipolaris tetramera Camellia j aponicum 

+ Common precipitin band present 
± Weak precipitin band present 

- Common precipitin band absent 
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Table 13 Detection of cross reactive antigens among tea varieties and Pestalotiopsis 

tlteae in agar gel double diffusion tests with antiserum of CP-1 

Antigen of host Antiserum Antigen of host . Antiserum 
and parasite of CP-1 host and parasite ofCP-1 

TockJai varieties Darjeeling varieties 

TV-9 + BS/7A/76 

TV-18 + T-78 ± 

TV-20 ± T-135 

TV-22 + B-157 ± 

TV-23 ± B-668 

TV-25 + B-777 ± 

TV-26 ± AV-2 ± 

TV-27 + HV-39 

TV-28 + P-312 ± 

TV-29 ± K111 ± 

TV-30 + TTV1 

Teenali 17/1154 + P-1258 

TS-449 ± BT-15 + 

RR-17 

UP ASI v·arieties CP-1 + 
UPASI-2 Isolates of pathogen 

UPASI-3 P.tlteae 

UPASI-8 ± Pt-1 

UPASI-9 ± Pt-2 

UPASI-17 ± Pt-3 

UPASI-26 ± Pt-4 

BSS 1 Pt-5 

BSS 2 ± 

BSS 3 Non hosts 

Non pahogens G. max 

F. oxysporum C.arietinum 

B. tetramera C. japonicum 

+ Common precipitin band present 
± Weak precipitin band present 

- Common precipitin band absent 
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Table 14 Detection of cross reactive antigens among tea varieties and 

Pestalotiopsis tlzeae in agar gel double diffusion tests with 

antiserum ofTeenali-17 /1/54 

Antigen of host Antiserum of Antigen of host 
and parasite Teenali 17/1154 host and parasite 

Tocklai varieties Darjeeling varieties 

TV-9 + BS/7A/76 

TV-18 + T-78 

TV-20 + T-135 

TV-22 ± B-157 

TV-23 + B-668 

TV-25 + B-777 

TV-26 AV-2 

TV-27 + HV-39 

TV-28 + P-312 

TV-29 ± K 111 

TV-30 ± TTV1 

Teenali 17/1154 + P-1258 

TS-449 + BT-15 

RR-17 

UP ASI varieties CP-1 

UPASI-2 Isolates of Pathogen 

UPASI-3 ± 

UPASI-8 ± 

UPASI-9 ± 

UPASI-17 ± 

UPASI-26 ± 

BSS 1 ± 

BSS 2 ± 

BSS 3 ± 

Non pahogens 

F. oxyspurum 

B. tetramera 

+ = Common precipitin band present 
± = Weak precipitin band present 

(-) = Common precipitin band absent 

P.tlzeae 

Pt-i 

Pt-2 

Pt-3 

Pt-4 

Pt-5 

Non hosts 

G. max 

C.arietinum 

C. japonicum 

Antiserum of 
Teen ali 17/1154 

± 

+ 

+ 
+ 
+ 
± 

± 

± 

± 

+ 

± 

+ 

+ 

+ 

+ 
± 

± 

± 
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4.3.2 Immunoelectrophoresis 

The presence or absence of cross reactive antigens between isolates of P. theae and tea 

varieties were established by immunodiffusion tests. Many of the cross reactions in 

immunodiffusion tests gave diffused precipitin bands which could not be clearly distinguished. 

It was also not clear, whether the prercipitation reaction is due to single or several antigenic 

substances. Therefore, further resolution was attempted by subjecting the antigens to 

electrophoresis before exposing them to antisera. Details of immunoelectrophoretic techniques 

have been described in Materials and Methods. 

In tllis experiment, antigenic comparison among 6 selected varieties of tea ( 3 susceptible 

varieties TV -18, UPASI-8 and B-157 and 3 resistant varieties TV -26, UPASI-2 and CP-1 ), 4 

isolates of P.theae ( Pt 1, 2, 3 and 4), 3 non hosts ( G.max, C.japonicum and C. arietinum), 

2 non pathogens (F oxysporum and B. tetramera) using antisera of pathogen (P.theae) and 

hosts ( Teenali 17/1154 and CP-1) were done following conventional set up. Results are shown 

in Table 15. Effectiveness of each antigen extract ofTeenali-17/1/54 and CP-1 and P.theae 

(Pt-2) in raising antibodies was checked by homologous cross reactions. In homologous 

reactions, Teenali-17 /1154 and Pt-2 formed 6 precipitin lines, while CP-1 formed 3lines. When 

anti-Teenali 1711/54 antiserum was cross reacted with antigens of 5 other tea varieties, they 

were found to be antigenically very close to each other. In this reaction, antigens ofUPASI-8 

and B-157 gave 5 precipitin lines, while, UPASI-2 and CP-1 showed 2 arcs each but TV-26 

exhibited 3 arcs. No such precipitation was observed when antigens of non pathogens and non 

hosts were cross reacted with antiserum ofTeenali 1711/54. It is interesting to note that three 

isola~es of P. theae (Pt-1 ,2 and 3) were anti genically more similar to Teenali 17/1/54 by sharing 

2 precipitin lines in common. Isolate Pt-4 shared only 1 line. 

Similarly, anti CP-1 antiserum was cross reacted with antigens of five different tea 

varieties. Antigen ofB-157 shared 3 precipitin lines while antigens ofTeenali 1711/54, UPASI-

8 and TV -26 shared 3 precipitin lines each, UPASI-2 exhibited only one precipitin line. When 

antigen of non pathogens and non hosts were cross reacted with antiserum of 

CP-1, no precipitatin arcs could be detected. 

Reciprocal cross reactions with anti - P.theae antiserum and antigens of all three 

susceptible varieties (Teenali 17/1/54, UPASI-8 and B-157) formed 2 precipitin lines each but 

antigens of resistant varieties (TV -26, UPASI-2 and CP-1 ), non hosts and non pathogens also 

failed to develop any precipitin line. 
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.... Table 15 Antigenic comparison of tea varieties, pathogens, nonpathogens 

and non hosts. 

Total no. of precipitin lines 

Antigens of host Antisera of host and parasite 

and parasite T eenali 17/1154 CP-1 P.tlteae 

Susceptible varieties 

Teenali 17/1154 6 2 2 

UPASI-8 5 2 2 

B-157 5 3 2 

Resistant varieties 

TV-26 3 2 0 

UPASI-2 2 1 0 

CP-1 2 3 0 

Isolates of P.tlteae 

Pt-1 2 0 6 

Pt-2 2 0 6 

Pt-3 2 0 6 

Pt-4 1 0 5 

Non pathogens 

F. oxysporum 0 0 0 

B. tetramera 0 0 0 

Non hosts 

G. max 0 0 0 

C. japonicum 0 0 0 

C. arietinum 0 0 0 
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4.3.3 Rocket immunoelectrophoresis 

The results of some immunoelectrophoretic tests were verified by rocket 

immunoelectropohoresis. In this experiment, antiserum of P.theae was cross reacted with its 

homologus antigen and leaf antigens ofTeenali 17/1154 and TV 26. Gel containing anti-P.theae 

antiserum and homologous antigen resulted in 3 immuno-precipitin lines while, a single 

immunoprecipitin line was discerned for the susceptible variety (Teenali-17/1/54). No such 

line was observed in case of resistant variety (TV -26). 

4.3.4 Direct antigen coated anzyme linked immunosorbent assay 

The enzyme linked immunosorbent assay is one of the most sensitive serological 

teclmiques for detection of cross reactive antigens between host and pathogen as well as for 

detection of pathogens in deseased tissue. In indirect or DAC-ELISA, antigens are bound to 

the microtitre plates after which the antibody is allowed to bind to the antigen. To this antigen 

antibody complex, the conjugate (an antibody conjugated to an enzyme) is added. Finally, a 

non coloured substrate is added which is converted to a coloured end product, which is generally 

detected by a reader. 

In the present investigation, DAC ELISA has been used in most of the experiments. 

Since ELISA depends on a number of factors and these varies from system to system, it was 

considered essential to optimize this conditions in the particular host pathogen system to be 

studied. Hence, initially, a number of experiments were performed for optimization. 

4.3.4.1 Optimization of ELISA 

The optimum conditions for ELISA reactions were determined initially as a large number 

experiments in this investigation have been carried out using ELISA. Optimization of ELISA 

was done using IgG fraction of antisera raised aganist antigen preparations from both mycelia 

and cell wall of P.theae. All the experiments were repeated thrice. 

4.3.4.1.1 Antiserum raised against antigen preparation from mycelia of P.theae 

Optimization ofELISA was done by considering three variables, dilution of the enzyme, 

dilution of the antigen extract and dilution fthe antiserum to obtain maximum sensitivity. In all 

cases, homologous ELISA reactions using antigen of P. theae was carried out as described 

under Materials and Methods. 
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4.3.4.1.1.1 Enzyme dilution 

In this experiment, keeping the antigen and antiserum dilutions constant, different 

dilutions of alkaline phosphatase was used. Dilution ranged from 1:10,000 to 1:40,000. Results 

(Table 16 ; Fig. 3) revealed that absorbance values in ELISA decreased with increasing dilution 

of the enzyme. Almost 50% decrease in absorbance value was noted in 1 :40,000 dilution as 

compared to 1:10,000. Hence, tllis dilution (1: I 0,000) of alkaline phosphatase was used in all 

further experiments. 

Table 16 ELISA reaction of anti-P.tlleae antiserum and homologous antigen with 

various dilutions of alkaline phophatase 

Enzymes 

dilution Expt-1 

1 : 10,000 1.450 

1 : 15,000 1.116 

I : 20000 0.864 

1 : 25000 0.890 

1 : 30,000 0.881 

1 : 35,000 0.872 

1 : 40,000 0.806 

a Alkaline phosphatase 

Mycelial antigen- 5 j.tg/ml 

± Standard Error 

Anti P.tlleae antiserum ( 1:125 dilution) 

Expt-2 Expt-3 Mean 

1.668 1.725 1.649 ± 0.080 

1.159 1.232 1.169 ± 0.033 

0.95I 0.999 0.940 ± 0.039 

0.885 0.895 0.890 ± 0.002 

0.887 0.860 0.876 ± 0.008 

0.860 0.863 0.865 ± 0.003 

0.784 0.816 0.802 ± 0.009 
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Effect of enzyme dilution on ELISA 
reaction of anti - P.theae antiserum 
with homologous antigen 

2 ·0 

1• 0 

o·s 

0 
1:10,000 \:20.000 1'·30,000 l :40,000 

Enz-yme dilution 

Fig . 3 
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4.3.4.1.1.2 Antiserum dilution 

Antiserum dilutions ranging from 1: 125 to 1: 16,000 were tested against homologous 

antigen at a concentration of 5 flg/ml. Absorbance values in ELISA decreased from the dilution 

of 1:125 to 1 :2000 after which it levelled off (Table 17, Fig. 4 ). An absorbance value of 1. 7 

was obtained at 1:125 dilution which was 3 times of that obtained at 1:2000 dilution. 1:125 

dilution was selected for further experiments. 

Table 17 ELISA reaction with various dilution of anti P.theae antiserum 

(mycelia) and homologous antigen 

Antiserum Antigen concentration ( S J.tg/ml) 

dilution Expt-1 Expt-2 Expt-3 Mean 

I: 125 1.69 1.62 1.69 1.67 ± 0 .023 

1:250 1.19 1.24 1.23 1.22 ± 0.015 

1:500 0.876 0.861 0.865 0.868 ± 0.003 

1:1000 0.680 0.669 0.681 0.677 ± 0.003 

1:2000 0.56 0.547 0.513 0.540 ± 0.014 

1:4000 0.510 0.516 0.507 0.511 ± 0.002 

1:8000 0.509 0.513 0.508 0.510 ± 0.001 

1:16,000 0.497 0.499 0.504 0.50 ± 0.002. 

± Standard Error 
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Effect of dilution of anti - P.theae 
antiserum on ELISA reaction with 
homologous mycelial antigen 
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4.3.4.1.1.3 Antigen dilution 

Doubling dilutions of P. theae mycelial antigen ranging from 1600 to 25 ng/ml 

were tested against two antiserum dilutions (1: 125 and 1 :250). ELISA values increased with 

the concomitant increase of antigen concentration (Table 18 ; Fig. 5). Concentrations as low 

as 25 ng/ml could be easily detected by ELISA at both antisera dilutions. A two fold increase 

in absorbance value was obtained at 1600 ng/ml in comparison to 25 ng/ml (1.533 and 0.757 

respectively). 

Tat ,3 ELISA reaction with various concentration of mycelial antigen 

of P.tlzeae and homologous antiserum. 

Antigen concentration 

(nglml) 

Antiserum dilution 

1:125 1:250 

25 o·.1s1 ± 0.021 o· .666 ± o.o03 
50 0.874 ± 0.012 0.739 ± 0.015 

100 0.925 ± 0.011 0.828 ± 0.017 

200 0.963 ± 0.009 0.860 ± 0.013 

400 1.173 ± 0.032 0.892 ± 0.032 

800 1.267 ± 0.042 1.072 ± 0.041 

1600 1.533 ± 0.017 1.311 ± 0.001 

* Average of 3 separate experiments 

± Standard Error 
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Effect of dilution of mycelial antigen 
of P.theae on ELISA reaction with 
homologous antiserum 
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4.3.4.1.2 Antiserum raised against antigen preparation from cell wall of P.theae 

The effect of two variables, antiserum dilution and antigen dilution on ELISA 

reactivity were determined using antiserum raised against cell wall preparation of P. theae and 

antigen prepared from cell wall. 

Different dilution of antiserum ranging from 1:125 to 1: 16,000 were tested 

against homologous antigen at a concentration of 5 ~-tg/ml. ELISA values decreased with the 

dilutions from 1:125 to 1:16,000 (Table 19, Fig. 6). Dilution of 1:125 was selected for further 

experiments. 

Table 19 ELISA reaction with various dilution of anti P.theae 

antiserum ( cell wall) and homologous antigen. 

Absorbance at 405 nm 

Antiserum dilution Antigen (5 f.lg/ml) 

Expt-1 Expt-2 Expt-3 Mean 

1 : 125 1.906 1.909 1.930 1.915 ± .007 

1:250 1.357 1.353 1.353 1.354 ± .001 

1 : 500 1.142 1.159 1.120 1.140 ± .011 

1 : 1000 0.866 0.858 0.830 0.858 ± .010 

1 : 2000 0.756 0.751 0.751 0.752 ± .001 

1 : 4000 0.654 0.588 0.600 0.614 ± .020 

1 : 8000 0.483 0.467 0.433 0.464 ± .011 

1 : 16000 0.424 0.411 0.391 0.408 ± .009 

± Standard Error 



E 
c: 
Ln 
0 
.;t 
<( 

~ 
Q) 

0 
c 
co 
.0 
~ 

0 
(/) 

.a 
C( 

95 

Effect of dilution of anti - P.tlzeae 
antiserum on ELISA reaction with 
homologous cell wall antigen 
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4.3.4.1.2.2 Antigen dilution 

To determine the effect of antigen dilution on ELISA reactivity, a doubling dilution 

series of P. theae cell wall antigen ranging from 3200 to 25 ng/ml were used. Antiserum dilution 

of 1:125 was used. ELISA values decreased with dilutions as revealed in Table 20, and Fig. 7. 

Concentration as low as 25 ng/ml could be easily detected by ELISA. An absorbance value of 

0.67 was obtained at 25 ng/ml while, it increased to 1.1 in 3200 ng/ml. 

Table20 ELISA reaction with different concentrations P.tlteae cell wall antigen 

and homologous antiserum. 

Absorbance at 405 om . 

Antigen concentration Cell wall antiserum of P.tlzeae (1:125 dilution) 

( ng/ml) Expt-1 Expt-2 Expt-3 Mean 

25 0.660 0.678 0.661 0.666 ± 0.005 

50 0.740 ·0.769 0.711 0.740 ± 0.016 

100 0.851 0.876 0.824 0.850 ± 0.015 

200 0.883 0.870 0.855 0.869 ± 0.008 

400 0.881 0.885 0.88 1 0.882 ± 0.001 

800 0.942 0.976 0.981 0.966 ± 0.012 

1600 1.087 1.014 1.073 1.058 ± 0.022 

3200 1.121 1.162 1.151 1.144 ± 0.012 

± Standard Error 
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Effect of dilution of cell wall antigen 
of P.tlzeae on ELISA reaction with 
homologous antiserum 
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4.3.4.2 Comparison of ELISA reactivity among antigens of different tea varieties 

against antiserum of P.tlteae. 

Among 3 7 clones of tea varieties tested for varietal resistance tests against 

P.theae, differential responses were obtained. Certain varieties exhibited high susceptibility, 

others high resistance, while, still others were either moderately susceptible or resistant. 

Conventional techniques for detennination of host resistance or susceptibility are being replaced 

by the more rapid and sensitive modern serological techniques. It was therefore considered 

worthwhile to determine the ELISA reactivity of different tea varieties against antiserum of 

the pathogen and compare the results obtained with those of the pathogenicity tests. 

4.3.4.2.1 Mycelia 

Antigens were prepared from tea leaves of all the 3 7 clones as well as from 3 

non host species (G. max, C.arietinum and Cjaponicum ), different isolates of the pathogen 

(5 isolates) and 2 non pathogens (B.tetramera and F.oxysporum). All these antigens at a 

concentration of 40 IJ.g/ml were tested by ELISA against purified antiserum of P. theae, except 

antigens of the P. theae isolates, wihich were used at a concentration of 5 IJ.g/ml. In all cases, 

experiments were repeated under similar conditions. Results (Table 21-23) revealed that 

absorbance values in ELISA varied with the different varieties. Among the Tocklai varieties 

tested, Teenali-1711/54 showed highest absorbance followed by TV -23, and TV -27. Lowest 

absorbances were obtained in TV -26 and TV -25 (Table 21 ). 

Similarly, in the Darjeeling varieties, highest and lowest absorbances were obtained in 

B-157 and CP-1 respectively (Table 22). Of the 9 UPASI varieties tested, UPASI-8 exhibited 

highest reactivity, (Table-23). Reactivity of the non hosts and non pathogens were low, as 

evidenced by low absorbance values (Table 21). The different isolates ofthe pathogen tested, 

also showed reactivity with the antiserum of one particular isolate (Pt2). Highest absorbance 

value, however, was obtained in the homologous reaction. Absorbance values for normal 

serum controls were below the corresponding test values. 

Results of the ELISA tests revealed that the highest reactivity was shown by Teenali 

17/1/54 and the lowest by CP-l. These results were in confirmity with the results of the 

pathogenicity tests. 

"'£' 
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Table21 Indirect ELISA values (A 405) of leaf antigens (host and non host) and 

mycelial antigen (pathogen and non pathogen) reacted with antiserum 

of P.theae. 

Antiserum of P.theae (mycelia) 

Antigen {1:125 dilution} 

concentration (40 f.lg/ml) Expt-1 Expt-2 Expt-3 Mean 

Tea varieties • 

TV9 1.137 1.094 1.114 1.115 ± 0.012 

t 
TV 18 1.068 1.110 1.180 1.106 ± 0.032 

TV20 0.981 0.941 0.961 0.961 ± 0.011 

TV22 1.030 1.059 1.064 1.051 ± 0.010 

TV 23 1.505 1.524 1.447 1.492 ± 0.023 

TV25 0.999 0.995 0.977 0.977 ± 0.013 

TV 26 0.970 0.955 0.961 0.962 ± 0.004 

TV 27 1.476 1.464 1.468 1.469 ± 0.003 

TV28 1.111 1.174 1.135 1.123 ± 0.006 

TV29 1.059 1.077 1.065 1.065 ± 0.006 

TV 30 0.859 1.077 1.025 0.987 ± 0.065 

TS 449 1.109 1.157 1.134 1.133 ± 0.070 

Teena1i 17/1154 1.508 1.670 1.589 1.589 ± 0.046 

Non Pathogen 

F oxysporum 0.350 0.312 0.311 0.324 ± 0.012 

B. tetramera 0.3 01 0.342 0.312 0.318±0.012 

Pathogen (isolates )8 

Pt-1 1.331 1.279 1.309 1.306 ± 0.015 

Pt-2 1.688 1.502 1.672 1.620 ± 0.059 

Pt-3 1.219 1.203 1.301 1.241 ± 0.030 

Pt-4 1.259 1.377 1.309 1.315 ± 0.034 

Pt-5 1.479 1.455 1.501 1.478 ± 0.019 

Non host 

G. max 0.265 0.282 0.293 0.280 ± 0.008 
C. arietinum 0.311 0.326 0.379 0.388 ± 0.020 

C. japonicum 0.229 0.200 0.291 0.240 ± 0.026 

* Tocklai varieties. Note: A 405 value for normal serum= 0.222. 

• Antigen concentration 5 jlg/ml 

±Standard Error 
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4.3.4.2.2 Cell wall 

Since cell walls of pathogens also play a major role in the recognition 

phenomenon, antiserum raised against cell wall preparation of the pathogen was also tested 

against the leaf antigens of all the 37 varieties. As in the case with antiserum raised against 

mycelial antigens, here also absorbance values in ELISA varied with the different varieties 

(Tables 24-26). Among all the 37 varieties tested with the antiserum against cell wall preparation, 

highest absorbance value was exhibited by Teenali 1711/54 and lowest by CP-l. Lower 

absorbance values were obtained with non hosts and non pathogens. 
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Table: 23 Indirect ELISA values (A 405) of tea leaf antigens reacted with 

antiserum of P.tlleae (mycelia) 

Antiserum of P.theae at 1:125 

Antigen of host* 

( 40 J.tglml) Expt-1 Expt-2 Expt-3 Mean 

UPASI-2 0.981 0.906 0.991 0.951 ± 0.026 

UPASI-3 0.978 1.030 1.004 1.004 ± 0.015 

UPASI-8 1.544 1.514 1.517 1.525 ± 0.009 

UPASI-9 1.471 1.461 1.466 1.466 ± 0.002 

UPASI-17 0.920 0.883 0.950 0.901 ± 0.010 

UPASI-26 1.150 1.188 1.169 1.169±0.010 

BSS-1 1.401 1.412 1.405 1.406 ± 0.002 

BSS-2 1.048 1.014 1.031 1.031 ± 0.009 

BSS-3 1.104 1.021 1.061 1.062 ± 0.023 

* Antigens of UP ASI varieties of tea. 

Note: A 405 value for normal serum= 0.233 

± Standard Error 

The overall trend in ELISA reactivity with different tea varieties and antiserum of 

mycelia or cell wall preparations of P.theae were similar. However, absorbance values were 

higher in most cases with antiserum raised against cell wall preparations, as evidenced in Fig8. 
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Table: 24 Indirect ELISA values (A 405) of leaf antigens (host and non host) and 

mycelial antigen (pathogen and non pathogen) reacted with antiserum 

of P.tlzeae. ( cell wall ) 

Antiserum of P.tlzeae ( cell wall) 

Antigen of host 

and parasite (40 11g/ml) Expt-1 Expt-2 Expt-3 Mean 

Tea varieties • 

TV9 1.442 1.371 1.296 1.369 ± 0.037 

TV 18 1.338 1.317 1.345 1.333 ± 0.008 .. TV 20 0.949 0.935 0.903 0.929 ± 0.013 

TV22 1.378 1.204 1.240 1.222 ± 0.053 

TV 23 1.576 1.540 1.503 1.539 ± 0.021 

TV 25 1.015 0.996 1.004 1.005 ± 0.005 

TV 26 0.996 0.922 0.959 0.959 ± 0.021 

TV 27 1.441 1.463 1.461 1.455 ± 0.007 

TV 28 1.406 1.405 1.411 1.407 ± 0.001 

TV29 1.264 1.220 1.242 1.242 ± 0.014 

TV 30 1.052 1.086 1.097 1.078 ± 0.013 

TS 449 1.426 1.437 1.430 1.431 ± 0.001 

Teenali 17/1/54 1.639 1.694 1.663 1.683 ± 0.010 

Non Pathogens 

F. oxysporum 0.711 0.729 0.730 0.723 ± 0.006 

B. tetramera 0.629 0.631 0.641 0.632 ± 0.003 

Pathogen (isolates)" 

Pt-1 1.402 1.411 1.431 1.414 ± 0.006 

Pt-2 1.772 1.770 1.801 1.781 ± 0.010 

Pt-3 1.349 1.341 1.344 1.344 ± 0.002 

Pt-4 1.350 1.312 1.322 1.328 ± 0.011 

Pt-5 1.340 1.371 1.372 1.360 ± 0.010 

Non hosts 

G. max 0.471 0.431 0.440 0.447 ± 0.012 

C. arietinum 0.372 0.354 0.391 0.372 ± 0.010 

C. japonicum 0.388 0.341 0.352 0.360 ± 0.014 

* T ocklai varieties. Note: A 405 value for normal serum = 0.227 

a Antigen concentration 5 flg/ml 

± Standard Error 
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Table: 25 Indirect ELISA values (A 405) of tea leaf antigens reacted with 

antiserum of P.tlzeae (cell wall) 

Antiserum of P.tlreae (cell wall) 

Antigen of host* 

(40 J.Lg/ml) Expt-1 Expt-2 Expt-3 Mean 

B 668 0.985 0.890 0.789 0.888 ± 0.056 

~ B 777 1.138 1.303 . 1.318 1.313 ± 0.005 

p 312 1.475 1.414 1.443 1.444 ± 0.014 

T-78 1.437 1.430 1.432 1.433 ± 0.002 

p 1258 1.209 1.286 1.246 1.247 ± 0.022 

B 157 1.595 1.575 1.591 1.587 ± 0.006 

TTVI 0.773 0.785 0.779 0.779 ± 0.003 

Bt 15 1.335 1.350 1.317 1.334 ± 0.009 

AV2 1.128 1.109 1.117 1.118 ± 0.005 

BS 7N76 1.293 1.282 1.286 1.287 ± 0.003 

RR 17 1.139 1.114 1.125 1.126 ± 0.007 

HV 39 0.796 0.674 0.732 0.734 ± 0.035 

K111 1.090 0.958 0.841 0.963 ± 0.072 

T-135 1.385 1.321 1.353 1.353 ± 0.018 

CP-1 0.842 0.845 0.872 0.853 ± 0.009 

* Antigens ofDarjeeling varieties of tea. 

Note. A 405 values for normal serum= 0.222 

± Standard Error 
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Table: 26 Indirect ELISA values (A 405) of tea leaf antigens reacted with 

antiserum of P.tlzeae (cell wall) 

Antiserum of P.tlzeae (cell wall) 

Antigen of host* 

( 40 J.lglml) 

UPASI-2 

UPASI-3 

UPASI-8 

UPASI-9 

UPASI-17 

UPASI-26 

BSS-1 

BSS-2 

BSS-3 

Expt-1 Expt-2 

0.862 0.945 

1.082 1.082 

1.609 1.684 

1.484 1.410 

0.824 0.740 

1.440 1.435 

1.494 1.392 

1.193 1.139 

1.242 1.227 

* Antigens ofUPASI varieties of tea. 

Note: A 405 value for normal serum= 0.239 

± Standard Error 

Expt-3 

0.902 

1.085 

1.624 

1.447 

0.782 

1.436 

1.443 

1.166 

1.254 

Mean 

0.903 ± 0.023 

1.083 ± 0.001 

1.639 ± 0.022 

1.447 ± 0.021 

0.782 ± 0.024 

1.437 ± 0.001 

1.443 ± 0.029 

1.166 ± 0.015 

1.241 ± 0.007 
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ELISA responses of leaf antigens of 
different tea varieties against cell wall 
and mycelial antisera of P. theae 
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4.3.4.3 Comparison of ELISA reactivity among antigens prepared from tea 

leaves of various ages against antiserum of P.tlteae. 

Since tea is a perennial plant being maintained for year after year, individual tea 

bush having a large number of leaves of various sizes and positions created an interest to 

investigate whether, serological resemblances among tea varieties and the isolates of P.theae, 

as evidenced in earlier experiments, also existed in case of the leaves of all ages. In order to 

perform this experiment, 11 Tocklai varieties (Teenali-17 /1/54, TV -18, TV -20, TV -22, TV-

25, TV-26, TV-27, TV-28, and TV-30) were selected. Leaf samples were collected from 

individual variety considering the position and size of the leaves and they were categorised in 

three groups (A, B and C). Uppermost young leaves (1 0-15 mm length x 6-10 mm breadth), 

from midbranches middle aged leaves ( 40-45 mm length x 25-30 mm breadth) and from lower 

branches, mature leaves (65-72 mm length x 35-40 mm breadth) were designated as A, B, and 

C respectively. Antigens were prepared from three categories ofleaves of each of 11 varieties 

and using anti P.theae antisera raised against both mycelia and cell wall DAC-ELISA was 

performed. 

4.3.4.3.1 Mycelia 

Anti - P. theae antiserwn ( 1 : 125 dilution) raised against antigen preparations 

from mycelia were cross reacted with 40 )lg/ml antigens prepared from various category of 11 

varieties following DAC-ELISA. Homologous reaction involving mycelial antigen and antisera 

gane A 405 value of >2, while, highest absorbance values in heterologous reactions were in 

caseofTeenali-17/1/54and TV-18 followed by TV-23 and TV-22. However, lower absorbance 

values were obtained in case ofTV-26, TV-25 and TV-28. It is interesting to note that leaf 

antigens prepared from all 3 categories gave positive responses in ELISA reactions under 

identical conditions. (Table 27). 

4.3.4.3.2 Cell Wall 

When antiserwn of P.theae (1: 125 dilution) raised against cell wall antigens 

were cross reacted with three categories ofleaf antigens ( 40 )lg/ml) prepared from 11 Tocklai 

varieties, young leaves ofTeenali-17/1/54 followed by TV-23, TV-22, TV-20, TV-27, TV-30 

showed greater absorbance values than TV-26 and TV-28. Here also lowest absorbance 

values than value was obtained in case of TV -26 (TV -28). Recognition of leaf antigens with 

cell wall antisera of P. theae was always better than the antisera raised against mycelial 

preparation. In this experiment, it was noticed that there was no correlation among the antigen 

preparations either from young, middle aged or mature leaves with respect to the individual 

variety tested. However, irreespective of varieties, A 405 value were also higher with cell wall 

antisera of the pathogen than the anti-P.theae antiserum raised against the mycelial antigen 

(Fig- 9). 
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Table27 Indirect ELISA values (A 405) of antigens prepared from tea leaves of 

various ages against antiserum of P.tlleae (mycelia) 

Mycelial antiserum of P.tlleae (1:125) 

Antigen of host Position ans size of the tea leaves 

( 40 f.1g/ml) A B c 

Teenali 17/1154 0.667 ± 0.031 0.450 ± 0.006 0.459 ± 0.022 

TV-18 0.631 ± 0.021 0.464 ± 0.039 0.4 77 ± 0.025 

TV-20 0.455 ± 0.005 0.460 ± 0.006 0.502 ± 0.024 

TV-22 0.516 ± 0.014 0.466 ± 0.026 0.417 ± 0.012 

TV-23 0.541 ± 0.033 0.465 ± 0.010 0.547 ± 0.026 

TV-25 0.426 ± 0.0194 0.484 ± 0.011 0.460 ± 0.027 

TV-26 0.430 ± 0.023 0.424 ± 0.021 0.427 ± 0.019 

TV-27 0.440 ± 0.009 0.463 ± 0.025 0.401 ± 0.019 

TV-28 0.424 ± 0.021 0.374 ± 0.006 0.400 ± 0.013 

TV-29 0.439 ± 0.022 0.417 ± 0.020 0.472 ± 0.031 

TV-30 0.486 ± 0.03 0.438 ± 0.013 0.391 ± 0.011 

Note. A 405 value for homologous reaction is >2 ; for normal serum= 0.205 

~ = Uppermost young leaves 

B · = Middle aged; Mid branches ; 

C · = Mature old leaves ; lower branches ; 

±Standard Error 
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Table28 Indirect ELISA values (A 405) of antigens prepared from tea leaves of 

various ages against antiserum of P.theae (cell wall) 

Cell wall antiserum of P.theae (1:125) 

Antigen of host Position and size of the tea leaves tt' 

( 40 J.tg/ml) A· B' c 

Teenali 17/1154 1.376 ± 0.018 0.375 ± 0.008 1.346 ± 0.003 

TV-18 0.777 ± 0.015 0.955 ± 0.008 1.128 ± 0.003 

TV-20 1.001 ± 0.00 0.986 ± 0.018 1.146 ± 0.016 

TV-22 1.059 ± 0.014 0.983 ± 0.040 0.964 ± 0.00 

TV-23 1.237 ± 0.002 1.139 ± 0.012 0.953 ± 0.020 

TV-25 1.036 ± 0.036 1.123 ± 0.017 0.955 ± 0.0255 

TV-26 0.842 ± 0.021 0.859 ± 0.013 0.803 ± 0.017 

TV-27 1.032 ± 0.006 0.937 ± 0.019 0.851 ± 0.013 

TV-28 0.997 ± 0.044 0.750 ± 0.031 0.957 ± 0.021 

TV-29 0.976 ± 0.010 1.042 ± 0.00 1.253 ± 0.011 

TV-30 1.066 ± 0.017 1.291 ± 0.018 1.155 ± 0.010 

Note. A405 values for homologous reaction is >2 ; for normal serum= 0.207 .. 
A = Young; uppermost leafbuds; 

B · = Middle aged ; Mid branches ; 

C = Mature old leaves ; Lower branches ; 

± Standard Error 

~ . 
I 

.,. 
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ELISA reactivity among antigens prepared 
from tea leaves of various ages against 
cell wall and mycelial antisera of P.theae 
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4.3.4.4 Reciprocal cross reaction of antisera of tea varieties and non pathogen 

with leaf antigens (host and non host) and mycelial antigens (pathogen 

and non pathogen) 

In previous experiments following DAC-ELISA, serological relationship 

bet ween tea leaves and P.theae have been detected using antiserum of the pathogen raised 

against mycelia and cell wall. Indirect ELISA could also readily detect major cross reactive 

antigens when reciprocal cross reaction with host antisera was performed. In this experiment, 

antisera raised against leaf antigens prepared from two varieties of tea, Teenali-17 /1154 and 

CP-1 which were found to be most susceptible and resistant , respectively in pathogenicity 

tests , were cross reacted with leaf antigens prepared from 4 Tocklai varrieties (TV-18, 

TV 26, TV -23 and Teenali 17/1/54), one Darjeeling variety (CP-1), 3 non hosts ( Cjaponicum 

C.arielinum, G. max) as well as mycelial anigen preparations from pathogen (P.theae) and 2 

non pathogens (B. tetramera and F. oxysporum ). Simultaneously, antiserum raised against F. 

oxysporum (non pathogen) was also tested against the antigens of the above materials. Results 

have been presented in Table-29.In this experiment, A405 values in ELISA reaction involving 

antigens and antiseraofCP-1, Teenali 17/1/54 and F. oxysporum were 1.136, 1.237 and 1.197 

respectively. When anti-Teenali 17/1/54 antiserum was cross reacted with antigens of hosts, 

non hosts, pathogen and non pathogens, TV -18, TV -23 and P.theae gave higher absorbance 

than the others. Anti-CP-1 antiserum gave higher absorbance values in reactions with TV -18. 

It is interesting to note that in cross reaction with anti-Teenali 17/1154 antiserum and mycelial 

antigens of P.theae, higher absorbance (1.133) was obtained, but anti-CP-1 antiserum gave 

lower absorbance value (0.726). Antiserum raised against a non pathogen, F. oxysporum did 

not react significantly with the tea leaf antigens, as lower absorbance values were detected in 

all cases. However, A405 value of0.907 was obtained when this antiserum was reacted with 

Glycine max , since, F. oxysporum is pathogenic to G. max ( cv. Soymax). 

4.3.5 Double antibody sandwich (DAS) ELISA 

Detection of cross reactive antigens shared between isolates of P.theae and tea 

varieties, by indirect ELISA using the format ofDAC ELISA was further confirmed by using 

another format of direct ELISA i.e., double antibody sandwich (DAS) ELISA. In this 

experiment, antigens were prepared from 5 selected varieties of tea (viz., Teenali 17/1/54, 

TV-18, TV 23, CP-1 and TV-26), 3 non host species (G. max, C.japonicum and C. arietinum) 

an isolate of P.theae (Pt-2) and 2 non pathogens of tea (B. tetramera and F. oxysporum ). Anti 

P. theae antiserum at 1:125 dilution was reacted with the antigen preparation ( 40 flg/ml) as 

described above following DAS-ELISA. Details of the method have been described under 

Materials and Methods. Results have been presented in Table 30. Antigen and antisera of 
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Table29 Indirect ELISA values (A405) of leaf antigens (host and non host) and 

mycelial antigens (pathogen and non pathogen) reacted with antisera 

of resistant (CP-1) and susceptible (Teenali 17 /1154) tea varieties 

Antigens of host Antiserum of host, non host and pathogen (1: 125)" 

and parasite 

( 40 f.lg/ml) Teenali 17/1154 CP-1 F. oxysporum 

Pathogen 

P.theae 1.133 ± 0.003 0.726± 0.021 0.525 ± 0.003 

Host 

TV-18 1.120 ± 0.021 0.991 ± 0.032 0.551 ± 0.011 

TV-26 0.967 ± 0.039 0.970 ± 0.023 0.556 ± 0.017 

TV 23 1.054 ± 0.018 0.911 ± 0.009 0.453 ± 0.018 

Teenali 17/1/54 1.237 ± 0.016 0.982 ± 0.028 0.511 ± 0.031 

CP-1 0.838 ± 0.001 1.136 ± 0.013 0.500 ± 0.018 

Non hosts 

C. japonicum 0.341 ± 0.019 0.411 ± 0.013 0.292 ± 0.007 

C. arietinum 0.267 ± 0.025 0.259 ± 0.021 0.260 ± 0.023 

G. max 0.261 ± 0.032 0.211 ± 0.034 0.907 ± 0.037 

Non pathogens 

B. tetramera 0.265 ± 0.020 0.217 ± 0.009 0.234 ± 0.021 

F oxysporum 0.216 ± 0.020 0.200 ± 0.014 1.197 ± 0.007 

a Average of 3 experiments ; ±Standard Error 

P.theae were highly reactive. Mean A 405 values for Teenali-17/1/54 and TV-18 were 1.252 

and 1.112, while forTV-26 and CP-1 were0.777 and 0.784respectively. AntiP.theae antiserum 

had a significantly higher absorbance mean reaction (P<O.O 1) to susceptible varieties (Teenali 

1711/54 and TV -18) than to resistant varieties (TV -26 and CP-1 ). Antigen prepared from non 

hosts and non pathogens gave lower absorbance values. 
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Table: 30 Reaction of anti-P.tlzeae antiserum against tea leaf antigens, 

non hosts, mycelial antigen of P.theae (isolate Pt-2) and 

F. oxysporum (non pathogen) using double antibody 

sandwich (DAS) ELISA 

Antigen 

(40 J.tg/ml) 

Pathogen 

P. theae 

Tea varieties 

Teenali-17/1154 

TV-18 

TV-23 

CP-1 

TV-26 

Non hosts 

C.japonicum 

G. max 

C. arietinum 

Non pathogen 

F. oxysporum 

B. tetramera 

±Standard Error 

Expt-1 

1.426 

1.252 

1.112 

1.119 

0.784 

0.777 

0.421 

0.339 

0.335 

0.333 

0.297 

Anti P.theae antiserum (at 1:125 dilution) 

Absorbance at 405 om 

Expt-2 Expt-3 

1.427 

1.343 

1.153 

1.141 

0.784 

0.763 

0.379 

0.365 

0.348 

0.386 

0.303 

1.428 

1.237 

1.183 

1.106 

0.782 

0.794 

0.389 

0.387 

0.383 

0.301 

0.300 

Mean absorbance 

1.427 ± 0.000 

1.277 ± 0.033 

1.149 ± 0.020 

1.122 ± 0.010 

0.783 ± 0.000 

0.778 ± 0.008 

0.396 ± 0.01 2 

0.363 ± 0.013 

0.355 ± 0.014 

0.340 ± 0.024 

0.300 ± 0.008 
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4.4 Detection of P.theae in infected tea leaf tissues by indirect ELISA 

Pathogen detection in host tissues by the use of ELISA with the antiserum raised 

against the pathogen is an effective method. Difference in ELISA readings between healthy 

and infected antigens indicates the measure and extent of infection. Initially, in the previous 

experiments, it was observed that cross reactive antigens are present between P. theae and tea 

leaves of susceptible varieties. In the following series of experiments, attempts have been 

made to detect P.theae in the infected leaf tissues by indirect ELISA. 

4.4.1 Artificially inoculated tea leaves 

In this experiment, 18 tea varieties, 6 each from UP ASI, Darjeeling and Tock1ai released 

clones were selected for artificial inoculation of detached leaves. These were UP ASI -2, UP ASI-

3, UPASI-8, UPASI-9, UPASI-17, UPASI-26, TTV1, AV2, P-312, K 111, HV-39, B-157, 

Teenali-1711/54,TV-2~, TV-27, TV-28, TV-29, and TV-30. It has been observed in 

pathogenicity tests, that well established symptoms of P.theae infection appeared on detached 

leaves after 72 h of inoculation in all the varieties tested. Therefore, antigens were prepared 

from healthy and inoculated leaves, 72h after inoculation with P. theae. Concentration of antigen 

and dilution of anti-P.theae antiserum were 40 flg/ml and 1:125 respectively. Results are 

presented in Table-31 and Fig.1 0. Absorbance values for inoculated leaf antigen preparations 

of all varieties were significantly higher than their respective healthy leaf extracts (P=O.O 1 ). 

However, absorbance values for healthy extracts of Darjeeling varieties were higher than 

those for the Tocklai and UPASI varieties. 

4.4.2 Naturally infected tea leaves. 

Since the antiserum raised against P. theae could detect infection in artificially inoculated 

tea leaves it was decided to test whether natural infections could be detected with this antiserum. 

For this, tea leaves of different UP ASI varieties showing grey blight infection in the field were 

collected and antigens were prepared from these leaves. Using the antigen. extracts from 

healthy and naturally infected tea leaves ELISA was performed against anti P. theae antiserum. 

Results revealed that the infected extracts had higher absorbance values in ELISA in comparison 

to the healthy extracts (Table 32). Significance tests ('t' test) also revealed that the absorbance 

values of infected extracts were significantly higher than the corresponding healthy extracts 

at P=O.Ol. 
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ELISA responses of antiserum of P.theae 
with antigens of healthy and inoculated tea 
leaves of different varieties 
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Table-31 ELISA values showing reaction of antiserum of Pestalotiopsis theae with 

antigens of healthy and inoculated tea leaves • (absorbance at 405 nm) 

Antigen concentration ( 40 ~tg/ml) 

Tea varieties Healthy 

UPASI: UPASI-2 0.815 ± 0.002 

UPASI-3 0.820 ± 0.005 

UPASI-8 0.785 ± 0.015 

UPASI-9 0.751 ±0.011 

UPASI-17 0.875 ± 0.001 

UPASI-26 0.954 ± 0.012 

. Darjeeling: TTV1 1.006 ± 0.011 

AV2 1.061 ± 0.015 

P-312 1.174 ± 0.020 

K111 1.007 ± 0.001 

HV-39 1.289 ± 0.009 

B-157 1.200 ± 0.022 

Tocklai: Teenali-17/1/54 0.550 ± 0.015 

TV-23 0.562 ± 0.003 

TV-27 0.526 ± 0.017 

TV-28 0.531 ± 0.004 

TV-29 0.542 ± 0.067 

TV-30 0.561 ± 0.025 

a Anti-P. theae antiserum used at 1:125 dilution 

b 3 days after inoculation with P. theae. 

Inoculated b 

0.952 ± 0.017 

0.262 ± 0.008 

1.642 ± 0.071 

1.521 ± 0.021 

1.000 ± 0.009 

1.428 ± 0.001 

1.230 ± 0.017 

1.263 ± 0.035 

1.450 ±0.041 

1.339 ± 0.05 
* 1.349 ± 0.039 

1.399 ± 0.011 

1.315 ± 0.029 

1.377 ± 0.016 

1.450 ± 0.031 

1.231 ± 0.034 

1.435 ± 0.031 

1.457 ± 0.033 

Difference between healthy and inoculated values significant at P=O.Ol. 

• Difference is significant at P=0.05. 



116 

4.4.3 Different times after inoculation 

Earlier experiments showed that P. theae could be detected in infected tea leaves by 

ELISA using antiserum raised against P. theae. However, in these cases, symptoms were already 

well developed at the time of antigen preparation. Since, ELISA has been considered to be an 

important tool for early detection of pathogens in infected tissues even before appearance of 

symptoms, it was decided to perform an experiment to determine the earliest hour after 

inoculation when P. theae cold be detected in artificially inoculated leaves. For this, leaves of2 

varieties of tea were inoculated with P. theae as described in Materials and Methods. Antigens 

were extracted at 6h intervals till a period of96h. These antigens were then tested against both 

anti-P.theae mycelial antiserum and anti-P.theae cell wall antiserum. 

4.4.3.1 Anti-P.tfleae antiserum (mycelium) 

Leaf antigens at a concentration of 40 jlg/ml were tested against. purified antiserum 

(IgG) raised against P.theae mycelial antigen by DAC ELISA. Experiments were repeated 

thrice in all cases. Results presented in Table-33 revealed that absorbance values were higher 

for the infected extracts in comparison to healthy extracts. However, differences between the 

healthy and infected extracts were statistically significant from 12 h onwards. Hence, on the 

basis of the significantly higher absorbance values of infected leaf extracts in comparison to 

healthy leaf extracts the earliest period fro detection of infection was 12 h after inoculation. In 

both the varieties, no lesion production was evident at this period. 

4.4.3.2 Anti -P.tlzeae antiserum (cell wall) 

Antiserum raised against cell wall preparations of P.theae were also used to determine 

the earliest period when infection could be detected in the leaf, tissues. Antigens, extracted at 

6h intervals after inoculation were used along with their corresponding healthy leaf extracts in 

ELISA. Absorbance values in infected extracts were higher then those of healthy extracts. In 

both the varieties, from 12 h after inoculation onwards the difference in values between infected 

and healthy extracts were significant at P=O.Ol. In TV-30, from 36 h onwards, the values for 

infected extracts were all above 2.0 (Table 34). 

Absorbance values in ELISA were higher in both healthy and infected extracts when 

tested against antiserum raised against cell wall preparations as compared to those obtained 

against mycelial antigen (Fig. 11 and 12). However, in TV -27, the differences between healthy 
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Table32 ELISA values showing reaction of antiserum • of P.tlzeae with antigens of 

healthy and naturally infected tea leaves of UP ASI released clones 

Tea varieties Antigen concentration (40 J.lg/ml) 

UP ASI clones : 

UPASI-2 

UPASI-3 

UPASI-8 

UPASI-9 

UPASI-17 

UPASI-26 

Seed varieties: 

BSS-1 

BSS-2 

BSS-3 

Healthy 

0.825 ± 0.002 

0.795 ± 0.015 

0.985 ± 0.011 

0.785 ± 0.012 

0.792 ± 0.001 

0.957 ± 0.016 

0.895 ± 0.018 

0.812 ± 0.034 

0. 789 ± 0.029 

a Anti-P.theae antiserum used at 1:125 dilution 

bNaturally infected tea leaves. 

Difference between healthy and infected significant at P=O.O 1. 

Infected b 

0.911 ± 0.022 

0.998 ± 0.019 

1.398 ± 0.017 

1.011 ± 0.037 

0.982 ± 0.014 

1.252 ± 0.009 

1.152 ± 0.012 

1.278 ± 0.022 

1.178 ± 0.009 
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ELISA reactions of anti-P.theae antisera 
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~ Table33 ELISA values obtained by reaction of aniti-P.tlzeae antiserum (mycelial) 

and tea leaves after different hours of inoculation with P.theae 

Anti P.tlzeae antiserum {m~celia} at 1:125 dilution 

Hours after TV-27 a TV-30 a 

inoculation H I H I 

6 0.771* ± 0.003 0.774 ± 0.014 0.806* ± 0.022 0.822 ± 0.013 

12 0.767 ± 0.009 0.846 ± 0.008 0.823 ± 0.005 0.924 ± 0.008 

18 0.763 ± 0.036 0.888 ± 0.008 0.831 ± 0.039 0.937 ± 0.007 

24 0.746 ± 0.025 0.916 ± 0.013 0.862 ± 0.011 0.941 ± 0.013 

30 0.781 ± 0.016 1.065 ± 0.03 8 0.846 ± 0.017 0.976 ± 0.012 

36 0.737 ± 0.013 1.124 ± 0.022 0.888 ± 0.031 0.989 ± 0.017 

42 0.764 ± 0.029 1.132 ± 0.014 0.960 ± 0.029 1.006 ± 0.029 

48 0.775 ± 0.039 1.133 ± 0.028 0.904 ± 0.020 1.035 ± 0.023 

54 0. 723 ± 0.005 1.232 ± 0.020 0.819 ± 0.015 1.057 ± 0.030 

60 0.753 ± 0.036 1.272 ± 0.032 0.952 ± 0.001 1.071 ± 0.018 

~ 66 0.750 ± 0.027 1.372 ± 0.001 0.990 ± 0.011 1.234 ± 0.039 

72 0.735 ± 0.015 1.375 ± 0.033 1.053 ± 0.019 1.213 ± 0.021 

78 0.745 ± 0.019 1.399 ± 0.027 0.941 ± 0.005 1.336 ± 0.006 

84 0.762 ± 0.001 1.421 ± 0.031 0.997 ± 0.002 1.484 ± 0.022 

90 0.771 ± 0.038 1.511 ± 0.007 0.820 ± 0.012 1.529 ± 0.013 . 

96 0.765 ± 0.025 1.543 ± 0.017 1.043 ± 0.011 1.654 ± 0.011 

a Leaf antigens used at 40 ~g/m1 concentration 

• Difference in values between healthy and inoculated extracts not significant at P=O.O 1; all the 

rest are significant. 
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-.. Table34 ELISA values obtained by reaction of aniti-P.theae antiserum (cell wall) 

and tea leaves after different hours of inoculation with P.theae 

Anti P.theae antiserum (mycelia) at 1:125 dilution 

Hours after TV-27 • TV-30 • 

inoculation H I H I 

it" * 6 0.917 ± 0.00~ 0.955 ± 0.035 1.089 ± 0.007 1.168±0.017 

12 0.912 ± 0.025 1.032 ± 0.009 1.094 ± 0.027 1.480 ± 0.005 .. 18 0.927 ± 0.009 1.167 ± 0.010 1.071 ± 0.021 1.810 ± 0.032 

24 0.950 ± 0.001 1.338 ± 0.019 1.080 ± 0.038 1.887 ± 0.03 8 

30 0.995 ± 0.017 1.342 ± 0.036 1.097 ± 0.018 1.943 ± 0.003 

36 0.985 ± 0.013 1.340 ± 0.027 1.162 ± 0.004 >2 

42 0.958 ± 0.025 1.372 ± 0.002 1.190 ± 0.017 >2 

48 1.153 ± 0.032 1.451 ± 0.007 1.034 ± 0.025 >2 

54 0.912 ± 0.037 1.429 ± 0.033 1.051 ± 0.029 >2 

60 0.952 ± 0.017 1.446 ± 0.022 1.141 ± 0.024 >2 

~ 
66 0.990 ± 0.007 1.566 ± 0.026 1.126 ± 0.021 >2 

72 0.943 ± 0.031 1.641 ± 0.018 1.097 ± 0.001 >2 

78 0.967 ± 0.028 1.658 ± 0.013 1.152 ± 0.018 >2 

84 0.930 ± 0.018 1.642 ± 0.039 1.195 ± 0.009 >2 

90 0.914 ± 0.005 1.755 ± 0.035 1.154 ± 0.019 >2 

96 0.924 ± 0.039 1.891 ± 0.004 1.095 ± 0.020 >2 

a Leaf antigen used at 40 jlg/ml concentration. 
,.t-

• Difference between healthy and inoculated leaf extracts,..significant at P=O.Ol, all the rest 

significant. 
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and inoculated extracts were more or less same in both the cases; but in 'lV -30, the difference 

in absorbance values between infected and healthy extracts were much higher when tested 

against antiserum of cell wall preparations. 

4.4.4 Different antigen concentrations 

Besides determining the earliest period when infection cold be detected in leaf tissues, 

it was also considered worthwhile to determine the lowest concentration of infected leaf extract 

in which infection could be detected using antiserum raised against mycelial antigen of P. theae. 

Infected leaf extracts of 2 varieties at dilutions ranging from 40 to I f.Lg/ml were tested in 

ELISA. Results revealed that differences in absorbance values between infected and healthy 

leaf extracts for both the varietie(A V2 & TV -30) were significant at P=O.O 1 in all concentrations 

except 1 f.Lg/ml (Table 35, Fig. 13). Hence, by ELISA, P.theae could be detected in infected 

leaf extract at a concentration as low as 2 f.Lg/ml. 

Table35 

Antigen 

concentration 

(f.lg/ml) 

40 

20 
H:) 

5 
2 

1 

ELISA response obtained with different concentrations of artificially 

infected leaf extract and anti P.tlzeae antiserum 

Absorbance at A 405 nm • 

Tea varieties 

AV2 TV30 

H H I 

0.660 ± 0.011 0.818 ± 0.02I 0.656 ± O.OI2 0.945 ± 0.021 

0.644 ± 0.001 0.805 ± 0.005 0.622 ± 0.021 0.837 ± 0.019 

0.613 ± 0.012 0.769 ± 0.015 0.586 ± 0.012 0.805 ± 0.029 

0.601 ± 0.031 0.760 ± 0.013 0.546 ± 0.021 0.777 ± 0.015 

0.548 ± 0.020 0.626 ± 0.021 0.543 ± 0.013 0.727 ± 0.009 

0.535 ± 0.013 0.540 ± 0.017 0.535 ± 0.021 0.60 I ± 0.00 I 

a Anti P. theae antiserum used at a dilution of 1:125 

b Difference between healthy and inoculated leaf extracts significant at P=O.O 1 in all 

concentrations, except at 1 f.Lg/ml. 
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4.5 Detection of infection with other pathogens using anti-P.theae antiserum 

Under natural conditions, grey blight of tea caused by P. theae is sometimes 

associated with other diseases such as brown blight, caused by Glomerella cingula/a or black 

rot caused by Corticium invisum. It was therefore decided to test whether antiserum to 

P.theae could also detect other infections. For this, two types of ELISA reactions were 

performed, DAC ELISA and competition ELISA. 

4.5.1 DAC-ELISA 

Tea leaves of2 varieties (TV-28 and TV-30) were inoculated with P.theae, 

G.cingulata and C. invisum separately following detached leaf inoculation technique. Antigens 

were extracted after 72h of inoculation. These antigens along with corresponding healthy leaf 

antigens were tested against anti P.theae antiserum in DAC-ELISA. Two antigen concentrations 

• ( 40 and 20 !J.glml) were used and antiserum was used at a dilution of 1:125. Results (Table 36) 

showed that extracts of leaves inoculated with P.theae had higher absorbance values than 

those inoculated with the other two pathogens. Significantly higher values for infected extracts 

in comparison to healthy extracts were only obtained when leaves were inoculated with P.theae. 

However, anti-P.theae antiserum did show a certain amount of reactivity with the extracts of 

leaves inoculated with other pathogens which was similar to that obtained with healthy leaf 

extracts. 

4.5.2 Competition ELISA 

One modification of the commonly used DAC-ELISA is the competition or 

inhibition ELISA, which can detect particular antigens from mixed infections at very low 

concentrations. Since, very often, grey blight occurs as part of mixed infection, specific detection 

of this pathogen using anti-P.theae antiserum sometimes becomes difficult. In the previous 

experiment, it was demonstrated that anti-P.theae antiserum did not react significantly with 

antigens ofleaves inoculated with other pathogens. However, such clearcut significant difference 

is not generally obtained in case of mixed natural infections. To detect the specific pathogen 

from mixed infection it was decided to usc competition ELISA format. Detailed procedure for 

competition ELISA has been outlined in Materials and Methods. 

Results of competition ELISA are presented in Table 37. Antigens of healthy 

tea leaves (UPASI-3), tea leaves artificially inoculated with P.theae and naturally infected tea 

leaves were tested against anti-P.theae and anti- G. cingula/a antisera. Test plates were initially 

bow1d with antigens ofthe two pathogens separately. Doubling dilutions ofleaf antigens ranging 

from 1:100 to 1:12800 were used for binding with the two antisera. ELISA values decreased 
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with increasing reactivity as this was a competition ELISA. Positive reactions were recorded 

when the absorbance value of 1:100 was less than approximately 50% of value for the extract 

diluted 1:12800. Positive reactions on the above basis was obtained for an ti-P. theae antisera 

artificially inoculated leaf extracts were tested. With this antiserum, no positive reaction was 

obtained either for healthy or naturally infected leaves. On the other hand, positive reactions 

were recorded for naturally infected leaf extracts. using anti-G. cingula/a antiserum. Hence, 

brown blight was the major component of the natural infection. 

Table 36 Reaction of antiserum of P. theae with antigens of tea leaves 

infected with other pathogens (absorbance at 405 nm) 

Tea Varieties Treatment Antigen Concentration (~g/ml) 

40 20 

TV-30 

TV-28 

Uninoculated 

Inoculated with: 

P. theae 

G. cingulata 

C. invisum 

U ninoculated 

Innoculated with: 

P. theae 

G. cingulata 

C. invisum 

0.506 ± 0.031 

0.820 ± 0.020 

0.516 ± 0.015 

0.596 ± 0.011 

0.457 ± 0.022 

0.818 ± 0.007 

0.468 ± 0.031 

0.545 ± 0.027 

Anti P. theae antiserum used at a dilution of 1:125. 

± Standard Error 

0.222 ± 0.011 

0.730 ± 0.013 

0.230 ± 0.015 

0.379 ± 0.015 

0.255 ± 0.016 

0.777 ± 0.005 

0.349 ± 0.012 

0.345 ± 0.022 

' .· ! 
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Leaf 

antigen• 

Healthy 

Naturally 

infected 

'"f-

Artificially b 

inoculated 
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Absorbance (405 nm) values of doubling dilutions of healthy and 

inocuhtted tea leaf anigcns in competition ELISA. 

Antigen Antisera (1:125 dilution) 

dilution P.tlteae (Pt-2) G. ciugulata (Ge-l) 

1:100 0.601 0.619 

1:200 0.618 0.669 

1:400 0.661 0.685 

1:800 0.688 0.647 

1:1600 0.717 0.602 

1:3200 0.747 0.672 

1:6400 0.782 0.738 

1:12800 0.867 0.778 

1:100 0.555 0.224 

1:200 0.579 0.274 

1:400 0.599 0.303 

1:800 0.622 0.342 

1:1600 0.635 0.366 

1:3200 0.683 ·.· 0.397 

1:6400 0.696 0.418 

1:12800 0.756 0.433 

1:100 0.309 c 

1:200 0.313 

1:400 0.353 

1:800 0.440 

1:1600 0.480 

1:3200 0.510 

1:6400 0.587 

1:12800 0.661 

a variety UPASI-3 

b Inoculated with P.theae 

c not detected. 
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4.6 Determination of cross reactivity of anti P.tlleae antiserum 

Cross reactivity of the antiserum raised against P. theae (isolate Pt-2) was tested against-

2 other isolates of P. theae (isolates Pt-1 & 3), 2 isolates of Glomerella cingula/a (GC-1 &2) 

, and one of Corticium invisum. G. cingula/a and C. invisum arc other foliar pathogens of tea. 

Antigens were prepared from the mycelia of all the above fungal isolates and were tested 

against anti-P.tlzeae antiserum in ELISA. Two antigen concentrations, 20 and I 0 IJ.g/ml were 

used in the tests against the antiserum, which was used at a dilution of I: 125. Results (Table 

38) revealed that anti P.theae antiserum reacted with the antigens of three isolates of P.theae 

but did not react significantly with those of the other two pathogens. The two isolates of 

P.theae, Pt-1 and Pt-3 showed 71% and 62% homology respectively, while, isolates of G. 

cingula/a and C. invisum showed only 7% and 8% homology respectively. 

Table38 ELISA values showing reaction of antiserum of Pestalotiopsis tlleae 

with antigens of other tea pathogens and isolates of P.tlzeae 

(absorbance at 405 nm) 

Foliar pathogens 

Glomerella cingula/a 

Corticium invisum 

Pestalotiopsis theae 

Isolate 

Ge-l 

Gc-2 

Ci-1 

Pt-1 

Pt-2 

Pt-3 

Antigen concentration, 11g/ml 

20 

0.109 (6.99) 

0.13I (8.40) 

1.110 (7.82) 

1.11 0 (71.15) 

1.560 (100.0) 

0.974 (62.44) 

10 

0.103 (7.51) 

0.040 (3.03) 

0.600 (6.54) 

0.600 (45.49) 

1.319 (100.0) 

0.466 (35.33) 

Values in parenthesis represents homology as a percentage of that of P.theae (Pt-2) 

which is designated as 100. 

Anti P. theae antiserum used at a dilution of 1:125. 
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4. 7 Estimation of mycelia in tea leaf tissues at different times after inoculation with 

P.tlzeae 

The measurement of fungal growth in tissues cannot be effectively done by 

direct methods like quantitative microscopy. A recent approach to the estimation of fungal 

biomass is the use of serological techniques such as ELISA. In the present study, initially, a 

standard curve of known mycelial fresh weight of P. theae against absorbance value in ELISA 

was prepared. Mycelial growth in leaf tissues were estimated from the standard curve. 

4.7.1 Different hours after inoculation 

In order to c~timate the growth of P. theae in tea leaves after different hours of 

inoculation, ELISA was carried out using healthy and inoculated tea leaves of2 varieties (TV-

27 and TV -30). In case of inoculated tea leaves, antigens were prepared after every 6h of 

inoculation till 96 h. The antigens were used at a concentration of 40 J..lg/ml against anti-

P. theae antiserum at 1: 125 dilution. Results revealed that the absorbance values of infected 

leaf extracts were always higher than those of corresponding healthy extracts (Fig. 14). 

Dillerence in ELISA values between healthy and infected extracts were plotted on the proviously 

prepared standard curve and the mycelial fresh weight was determined in each case (Fig. 15). 

Results revealed that in both the varieties, mycelial fresh weight within the leaf tissue increased 

till 96 h (Table 39). 

4. 7.2 Different varieties 

Fungal biomass was also determined in infected leaf extracts of different tea 

varieties from the standard curve as mentioned above. Results (Table 40) revealed that the 

susceptible varieties showing higher percentage oflesion production showed maximwn fungal 

biomass within the tissue. Among the 15 varieties tested (UPASI-2, 3, 8, 9 and 26; TTV1, 

AV2,P312,K 1/l,B 157, Teenali 17/1154, TV18,23,26,29),after72hofinoculation, Teenali 

17/1154 showed maximum lesion production of 53%. Maximum mycelial fresh weight as 

determined by ELISA was also in this variety (7. 7 mg/mlleaf tissue). Varieties showing low 

percentage oflesion production (5-12%) also had lower mycelial fresh weight (1.1 to 1.9 mg/ 

g leaf tissue). 
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Tal>le39 Estimation of biomass of P.theae by ELISA within tea leaf tissues after 

different hours of inoculation 

Hours after Tea Varieties 
y 

inoculation TV27 TV30 

Mycelial fresh weight (mglg leaf tissue) 

6 0.192 0.364 

12 0.360 0.496 

18 0.640 0.824 

24 0.640 0.900 

30 1.256 1.462 

36 1.736 1.752 

42 2.480 2.00 

48 1.984 3.302 

54 3.316 3.432 

60 4.304 3.790 

66 4.600 3.928 

72 4.864 4.224 

78 5.312 5.00 

84 5.448 5.90 

90 5.776 5.79 

96 7.176 7.64 
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Table40 Percentage lesion production and growth of mycelia in different va-rieties 

of tea leaves inoculated with P.theae 

Tea Varieties 

UI>ASI Varieties 

UPASI-2 

UPASI-3 

UPASI-8 

UPASI-9 

UPASI-26 

Darjeeling varieties 

TTV1 

AV-2 

P-312 

K-111 

B-157 

Tocklai varieties 

Teenali 17/1/54 

TV-18 

TV-23 

TV-26 

TV-29 

72 h after inoculation 

Percentage lesion production 

12 

20 

53 

40 

28 

5 

8 

30 

7 

39 

53 

30 

18 

17 

32 

mycelial fresh weight 

mg/g leaf tissue a 

1.12 

3.5 

6.0 

5.6 

3.7 

1.84 

2.08 

2.20 

1.91 

2.4 

7.72 

7.13 

6.52 

2.73 

7.14 

a Determined on the basis of ELISA response 
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4.8 l,urification of cross reactive antigen (s) from mycelia of P. tlzeae. 

Having established that cross reactive antigen is present in P. theae it was decided to 

purify the protein(s) from the crude extract, which arc actually responsible for antibody 

production. A series of steps outlined in Materials and Methods were carried out for the 

purification of the protein. 

4.8.1. Ammonium sulphate fntctionation 

Initially, ammonium sulphate fractionation from the crude mycelial protein preparation 

of P. theae were carried out. Each ammonium sulphate fraction after centrifugation dialysis 

was tested by agar gel double diffusion and direct ELISA against homologous (anti P. theae 

antiserum) and heterologous antiserum. The heterologous antiserum was raised against a 

susceptible tea variety, Teenali 17/1/54. 

4.8.1.1. Immunodiffusion tests 

The different ammonium sulphate saturated (0-20%, 20-40%, 40-60%, 60-80%, 80-

1 00%) fractions were tested for cross reactivity by agar gel double diffusion test. Test involving 

antisera of either P. theae or Teenali-17 /1154 showed common precipitin bands with the crude 

extract and 80-100% saturated fractions (Plate VIII; fig. B). No precipitin ban~s were detected 

with any of the other fractions. 

4.8.1.2. DAC-ELISA 

To further confirm the result of agar gel double diffusion tests ELISA were performed 

with the different fractions and the two antisera as mentioned above. 

Results revealed that in both in homologous and heterologous combinations 80-100% 

fraction gave highest absorbance values which was comparable to the value obtained with the 

total protein extract (Table-41) 

4.8.2. DEAE Sephadex Chromatography 

Since, both agar gel double diffusion and ELISA tests revealed that the major cross 

reactive antigens (CRA) were present in 80-100% SAS of P. theae, fraction was further purified 

by DEAE sepgadex chromatography. Details of the procedure used for the purification have 
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PLATE VIII (figs.A-D). Agar gel double diffusion tests . Central wells contain 
antisera to cmde ( B ) and partially purified ( A,C, & D ) mycelial 
antigen ( 80-100% SAS ) of P. theae . Peripheral wells contain 
ammonium sulphate fractions (A ) and cntde ( D ) mycelial 
antigen of P. theae ; and tea leaf antigens ( B & C ) 
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been given in Meterials and Methods. Twenty fractions each, were collected for the three 

buffer (0.05 M Tris-HCl; 0.05 M NaCl in 0.05 M Tris-HCl and 0.05-0.25 M NaCl in 0.05 M 

Tris-HCl). Absorbance values of all the fractions were taken at 280 run and these were plotted 

on a graph paper. Analysis of the O.D. values revailed three distinct peaks corresponding to 

the three buffer systems (Fig. 16) In the second buffer, the O.D. values were much lesser than 

in the first and last buffers. 

4.8.2.1. DAC-ELISA 

Indirect ELISA were performed with all the fractions obtained from DEAE Sephadex 

chromatography and antisera of P. theae and Teenali 17 II /54. Against antiserum of 

P. theae, high absorbances were obtained in three fractions (5,6,7) of the third buffer system 

(0.05-0.25 NaCl in 0.05 M Tris-HCl). Readings of all other fractions were insignificant (Table 

42). Similar result (Table 43) were obtained against antiserum ofTecnali17/1/54 but in this 

case, absorbance values were recorded in two fractions (5,6). These two purified fractions 

therefore contained the major cross reactive antigens. 

4.8.2.2. SDS-PAGE. 

In order to determine the molecular weight of the purified antigen, SDS-P AGE was 

performed as described previously. The antigenic fractions were pooled and run along with 

80-100% SAS protein as well as crude protein extract and a set of molecular markers. Following 

electrophoresis, staining and destaining a prominent band was evident. This corresponded to 

a molecular weight of approximately 113 KDa. (Fig. 17) l-Ienee, the antigenic protein seems to 

be a high molecular weight protein. 
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Table-41 

Antigen 

P. tlteae 

Fractions a 

0-20% 

20-40% 

40-60% 

60-80% 

80-100% 

100% SAS 

136 

Absorbance value obtained in ELISA reactions of ammonium sulphate 

saturated fractions of P. tlteae antigen with anti-P. tlteae and anti

Teenali-17 /1/54 antisera 

Absorbance at 405 mm c 

Antisera (1:125 dilution) 

P. tlteae Teenali 17/1/54 

0.952 ± 0.063 0.592 ± 0.002 

0.907 ± 0.034 0.655 ± 0.016 

0.911 ± 0.014 0.682 ± 0.017 

1.02 ± 0.020 0.920 ± 0.025 

1.347 ± 0.041 1.066± 0.013 

1.670 ± 0.012 1.192 ± 0.001 

Teenali-17 I 1154 b 1.225 ± 0.032 1.121 ± 0.003 

a Antigen concentration - 5 Jlg/ml. 

b Antigen concentration - 40 Jlg/ml. 

c Average of three experiments 

SAS Saturated ammonium sulphate precipitates 

±Standard Error 
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Elution pattern of 80-100°/o SAS fraction of 
P.tl1eae mycelial antigen in different buffers 
by DEAE-Sephadex column chromatography 

111 
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Table-42 

Antigen 

fractions 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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ELISA responses obtained for reaction of different fractions from 

DEAE Sephadex chromatography of partially purified P. tlzeae antigen 

against anti-P. tlzeae antiserum 

Anti- P. theae antiserum (1;125 dilution) 

Absorbance at 405 n m. 

Buffer 111 Buffer 2b 

ND ND 
ND ND 

0.283 0.382 

0.347 0.398 

0.392 0.404 

0.397 0.362 

0.356 0.327 

0.362 0.343 

0.362 0.360 

0.391 0.365 

0.357 0.380 

0.382 0.373 

0.390 0.367 

0.360 0.372 

0.354 0.374 

0.351 0.371 

0.349 0.369 

0.343 0.357 

ND ND 
ND ND 

a -0.05 MTris HCl 

b -0.05 M NaCl in 0.05 MTris HCl 

c -0.05 M NaCl in 0.05 M Tris-HCl 

ND = Not detected 

Buffer 3c 

0.382 

0.328 

0.417 

0.463 

0.968 

0.862 

0.773 

0.442 

0.460 

0.437 

0.342 

0.311 

0.301 

0.300 

0.317 

ND 
ND 
ND 
ND 
ND 
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Antigen 

fractions 

1 

2 

3 
4 

5 

6 
7 

8 

9 

10 

11 
12 

13 
14 

15 
16 
17 
18 
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ELISA responses obtained for reaction of different fractions from 

DEAE Scphadcx chromatography of partially purified P. tlzeae antigen 

against anti-Teen ali 17/1154 antiserum 

Anti- Tccnali-17/1/54 antiserum (1:125 dilution) 

Absorbance at 405 n m. 

Buffer 18 Buffer 2b Buffer Jc 

0.341 0.309 0.378 

0.349 0.376 0.365 

0.593 0.388 0.375 

0.583 0.359 0.370 

0.569 0.359 0.92t 

0.584 0.364 0.769* 

0.567 0.375 0.539 

0.585 0.341 0.354 

0.395 0.359 0.349 

0.377 0.352 0.327 

0.346 0.351 0.320 

0.365 0.342 0.311 

0.368 0.359 0.312 

0.346 0.346 0.317 

0.352 0.388 0.320 

0.357 0.357 0.310 

0.359 0.349 0.320 

0.333 0.376 0.312 

a -0.05 M Tris HCl 

b -0.05 M NaCl in 0.05 M Tris HCI 

c -0.05 - 0.25 M NaCl in 0.05 M Tris-HCl 
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SDS-P AGE analysis of crude and 
purified mycelial antigen of P.theae 

2.0 5 . 

116 • ..+ 113 

A B c 

A- Crude mycelial antigen 
B- 80-100 {. SAS fraction 
C - Antigenic fraction from Sephadex column . 

Fig . 1'1 . 
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4.9. Evaluation of antiscr\JIIraiscd against purified mycelial antigens of P. tlteae. 

In the previous experiments antisera were raised against antigenic preparation from 

mycelia of P. theae and these were used for various tests. Subsequently, from the crude mycelial 

preparation antigens were purified by ammonium sulphate fractionation and ion-exchange 

chromatography. It was evident from immunodiffusion and ELISA tests that 80-100% SAS 

fraction contained major cross reactive antigen. Hence antiserum was raised against this fraction 

(80-100% SAS) following the protocol as described previously.This antiserum was further 

tested by immunodiffusion and ELISA against both homologous and heterologous 

combinations. 

4.9.1. Immunodiffusion tests 

In agar gel double diffusion tests, the antiserum raised against 80-1 00% SAS was 

placed in the central wall and in the peripheral wells, either homologous antigens (80-1 00% 

SAS precipitate) or heterologous antigens (Teenali 17/1/54) were placed. Strong precipitation 

was observed in the homologous reactions (Plate VIII; figs. A & D). When tested against 

antigen of susceptible variety, precipitation reaction was also observed but it was weaker than 

that for homologus reaction (Plate VIII, fig. C) 

4.9.2. ELISA 

The antiserum raised against 80-100% SAS was also tested by ELISA to determine 

whether it could detect CRA among P. theae and tea varieties and also whether infection could 

be detectd by this antiserum. Both DAC and DAS ELISA were performed and results are 

given below. 

4.9.2.1. Detection of CRA among selected tea varieties. 

Cross reactive antigens have been detected between tea varieties amd P. theae by 

ELISA using purified antiserum (lgG) raised against whole mycelial antigen as described 

earlier. Since the antiserum raised against 80-100% SAS gave positive results in immunodiffusion 

tests they were further tested by ELISA. For ELISA, the antiserum was initially purified and 

the lgG was used. 
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4.9.2.1.1. DAC ELISA 

Antigenic preparation from tea leaves of varieties Teenali 17/1154, TV-18, TV-23 , 

CP-1, TV -26, non hosts (G. max, C. japonicum and C. arietinum ), non pathogen (F oxysporum) 

as well as mycelia of P. theae (80-100%) were tested against the above antiserum by DAC 

ELISA, Experiments were repeated thrice and results are presented in Table-44. High 

absorbance values were noted in homologous reactions followed by reaction against susceptible 

varieties (Teenali 1711/54, TV -18, and TV -23). ELISA reaction with either non host or non 

pathogens were markedly low. Thus, the antiserun raised againsed partially purified antigen 

could detect the presence of cross reactive antigens between host and pathogens. 

Table44 Absorbance values in DAC ELISA for reactions of selected tea varieties 

with antiserum raised agaist 80-100% SAS fraction of P. tlzeae 

mycelium. 

Antigen Absorbance at 405 nm • 

( 40J.lg/ml) Expt.l Expt. 2 Expt. 3 Mean 

Pathogen 

P. theae (80- 1 00%) 1.306 1.361 1.304 1.341 ± 0.018 

Tea varitics 

Teenali 17/1154 1.198 1.234 1.171 1.201 ± 0.018 

TV-18 1.004 0.947 1.117 1.002 ± 0.046 

TV-23 0.926 0.915 0.942 0.927 ± 0.006 

CP-1 0.708 0.756 0.732 0.732 ± 0.013 

TV-26 0.765 0.764 0.757 0.862 ± 0.002 

Non host 

C. japonicum 0.285 0.349 0.377 0.337 ± 0.027 
G. max 0.287 0.368 0.361 0.338 ± 0.025 

C arietinum 0.375 0.336 0.324 0.345 ± 0.015 

Non pathogen 

F oxysporum 0.273 0.221 0.240 0.244 ± 0.015 

a Anti P. theae antiserum raised against 80-100% SAS fraction at 1:125 dilution. 

± Standard Error 
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4.9.2.1.2. DAS- ELISA 

Using similar antigenic preparation as in DAC- ELISA, DAS-ELISA was also performed 

to confirm the results obtained in DAC-ELISA. Procedures for DAS - ELISA have been 

outlined in Materials and Methods. In this case also absorbances were high in reactions with 

homologous antigens as well as with susceptible varieties (Table-45). Low absorbances were 

evident in non host and non pathogens. 

Table-45 

Antigen 

( 401-lg/ml) 

Pathogen 

P.theae 

Tea varitics 

Absorbance values in DAS- ELISA for reactions of selected tea varieties 

with antiserum raised agaist 80-100% SAS fraction of P. tlteae 

mycelium. 

Absorbance at 405 nm • 

Expt.l Expt. 2 Expt. 3 Mean 

1.459 1.472 1.414 1.448 ± 0.017 

Teenali 17/1154 1.211 1.217 1.292 1.240 ± 0.006 

TV-18 1.145 1.179 1.128 1.150 ± 0.015 

TV-23 1.049 1.034 1.055 1.045 ± 0.006 

CP-1 0.715 0.727 0.726 0.722 ± 0.003 

TV-26 0.763 0.745 0.720 0.742 ± 0.012 

Non host 

C. japonicum 0.374 0.380 0.343 0.365 ± 0.011 

G. max 0.349 0.368 0.387 0.374 ± 0.012 

C arielinum 0.42 0.384 0.484 0.430 ± 0.029 

Non pathogen 

F oxysporum 0.346 0.383 0.412 0.380 ± 0.019 

a Anti P. theae antiserum raised against 80-1 00% SAS fraction at 1: 125 dilution. 

± Standard Error 
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4.9.2.2. Detection of P. tlleae in artificially inoculated tea leaves of selected varieties. 

The efficacy of the antiserllill raised againsed 80-100% SAS fraction of P. theae mycelial 

antigen were further tested for its ability to detect the pathogen in infected ti,:Ssu;:es by ELISA. 

For this, both DAC-ELISA and DAS-ELISA were performed and results are given below. 

Table-46 

Antigens 

(40f.lg/ml) 

UPASI-2 

UPASI-3 

UPASI-8 

UPASI-9 

UPASI-26 

BSS-1 

BSS-2 

BSS-3 

Absorbance values in DAC-ELISA for reactions of antiserum raised 

agaist 80-100% SAS fraction of P. tlleae mycelium with healthy and 

inoculated tea leaf antigen 

Absorbance values at A 
405 

abc 

Healthy Inoculated * 

0.579 ± 0.011 0.752 ± 0.013 

0.599 ± 0.013 0.788 ± 0.032 

0.672 ± 0.002 1.267 ± 0.015 

0.611 ±0.001 1.141 ± 0.013 

0.601 ± 0.041 1.045 ± 0.032 

0.621 ± 0.021 1.182 ± 0.010 

0.602 ± 0.015 0.802 ± 0.040 

0.617 ± 0.008 0.815 ±..0.031 

* 72h after inoculation 

a Average of three experiments 

b Anti P. theae antiserum (raised against 80-100% SAS fraction) 

used at 1: 125 dilution. 

c difference between healthy and inoculated extracts significant at 

p = 0.01 
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4.9.2.2.1. DAC-ELISA 

Antigenic preparations from healthy and inoculated tea leaves of 8 UP ASI varities 

(UPASI-2, 3, 8, 9, 26 and BSS-1, 2, 3) wer~ tested against the above antiserum. A 
405 

values of 

inoculated extracts were significantly higher than the corresponding healthy extracts at P=O.O 1. 

(Table-46; Fig. 18) 

4.9.2.2.2. DAS-ELISA 

Healthy and infected tea leaf extracts were tested as in DAC-ELISA mentioned above. 

Results of ELISA reactions revealed significantly higher absorbance values for infected extracts 

as compared to healthy extracts in all the varieties tested ( Table-47; Fig. 19) 

Both immunodiffusion test and ELISA revealed that antiserum raised against partially 

purified mycelial preparation (80-1 00% SAS) was as effective as the antiserum raised against 

the whole mycelial preparations in detection of cross reactive antigens as well as detection of 

pathogen. 

Table47 

Antigen 

( 40J.1glml) 

UPASI-2 

UPASI-3 

UPASI-8 

UPASI-9 

UPASI-26 

BSS-1 

BSS-2 

BSS-3 

Absorbance values in DAS-ELISA for reactions of antiserum raised 

agaist 80-100% SAS fraction of P. theae mycelium with healthy and 

inoculated tea leaf antigen 

Absorbance values at A 
405 

8 b c 

Healthy Inoculated • 

0.554 ± 0.019 0.664 ± 0.018 

0.614 ± 0.021 0. 708 ± 0.030 

0.751 ± 0.041 1.138 ± 0.029 

0.660 ± 0.001 0.925 ± 0.032 

0.640 ± 0.011 0.830 ± 0.020 

0.635 ± 0.009 0.021 ± 0.033 

0.629 ± 0.018 0.911 ± 0.023 

0.637 ± 0.001 0.952 ± 0.013 

* 72h after inoculation 

a Average ofthree experiments 

b Anti P. theae antiserum (raised against 80-100% SAS fraction) used at 1:125 dilution. 

c difference between healthy and inoculated extracts significant at P = 0.01 
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DAC-ELISA reactions of P.tlteae antiserum 
raised against 80-100°/o SAS fraction of 
mycelial antigen with healthy and inoculated 
leaf antigens of different UP ASI varieties 

l · O 

~ o·s 
::J 

~ 
::> 
l) 
0 
c 
co 
.D 
"" 0 
1/) 

.D 
<( 

UP 2. UP 3 

c:J Healttw . 

~Inoculated . 

UPS UP9 UP2.6 BSSI BSSZ BSSJ 

Tea varieties 

Antiserum~ E_. theae at 1 ·. 125 

Fig . 18 . 
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DAS-ELISA reactions of P.theae antiserum 
raised against 80-100°/o SAS fraction of 
mycelial antigen with healthy and inoculated 
leaf antigens of different UP ASI varieties 
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Fig . 19 
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4.10. Characterisation of mycelial and conidial wall of P. theae. 

Since, both cell walls of mycelia and conidia play important roles in host-pathogen 

interaction phenomenon and as earlier experiments also proved cell walls to be effective in 

raising antisera, it was decided to characterize the cell walls and to determine their nature. 

4.10.1. Mycelial wall 

Cells walls were isolated from P. theae and the isolated cell walls were further extracted 

with NaOH as described earlier. Carbohydrate and protein content of cell wall preparation 

from P. theae were 10.0 mg/g and 13.3 mg/g, respectively. This preparation was further analysed 

by SDS-P AGE and confirmed by binding with fluorescein labelled concanavalin A. 

4.10.1.1. Con A-FITC binding 

In order to detect the nature of the cell walls, mycelia or isolated cell walls of P. theae 

were treated with FITC-labelled Con A and observed under the microscope as described 

under Meterials and Methods. Strong fluorescence was observed under the microscope in 

both mycelia and cell wall of P. theae (Plate - IX figs. A & B). The occurrence of Con A 

binding substance in cell walls confirmed the glycoprotein nature of mycelial wall of P. theae. 

4.10.1.2. SDS-PAGE 

The cell wall preparations of P. theae were further resolved in SDS-P AGE in order to 

confirm their glycoprotein nature. Gels were fixed in appropriate solution and stained either 

with Coomassie blueR 250 or with periodic acid- Schiffs reagent respectively for protein and 

carbohydrate detection; gels exhibited 17 protein bands ranging from 13 3 to 26 KD of which 

6 bands corresponded with 2 high molecular weight (113 and 105 KD) and 4 low molecular 

weight (46, 39, 28 and 26 KD) when stained with periodic acid- Schiffs reagent (Fig. 20) 

These 6 bands indicated the presence of glycoproteins in the cell wall preparations of P. theae. 

4.10. 2. Conidial wall 

Since conidial wall plays an important role in fungal morphogenesis and development 

it may also be involved in recognition phenomena leading to host pathogen interaction. Lectins 

are proteins of non immune origin which agglutinate cells and/or precipitates glycoconjugates 
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PLATE IX ( figs. A&B) . Fluorescence of hyphae ( A ) and 
isolated cell walls ( B ) of P. theae after staining with 
FITC- Con A 
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SDS-P AGE analysis of cell wall 
extract of Pestalotiopsis theae 

2.05 • 

116 • 

97·4. 

66 • 

45. 

29 • 

A B 

A - Cell wall extract (Protein) 

B- Ce\\~a\1 e"Ktract (carbohydrate) 

Fig . 20 . 
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by specifically interacting with sugar moieties,Lectins have proved to be useful tools for 

identifying glycoconjugatecompounds on cell surface. 

In the present investigation, initially mycelial wall was characterized following which 

attempts were made to characterize conidial wall by studying the agglutination effect of 4 

lectins (Con A, HP A, UEA-1 and WGA) on conidia. Agglutination procedure have been 

described in Materials and Methods. Agglutinations were examined and arbitrarily scaled from 

0-4, (0= no agglutination, l= l-25%, 2= 26-50%, 3= 51-75%, 4= 76-100% agglutination). 

Microscopical examination revealed that conidia were strongly agglutinated by Con A, followed 

by HPA (Plate X, figs. A & B). Strong agglutination with Con A suggest that the surface 

components or the glycoconjugates contain a-D gluco-pyronasyl and/or a-D m1111nosyl 

residues. Agglutination with l-IP A also suggested the presence of glycoconjugates containing 

N-acetyl a-D galactosaminyl residues. Agglutination with UEA-1 and WGA revealed the 

presence ofN-acetyl a-D-glucosamine (and its polymer chitin) and L-fucose, respectively, as 

components of glycoconjugates on the surface of conidial wall, though to a lesser amount. 

Table48 Agglutination response of condia of P. tfleae to different lectins. 

Name of 
Lectins 

Concanavalin-A 
(Con A) 

Helix pomatia 
agglutinin (HPA) 

Ulex europaeus 
agglutinin-I (UEA -1) 

Wheat-germ 
agglutinin (WGA) 

*0= 
1 = 
2= 
3= 
4= 

Agglutination extent of conidia 
of P. tfleae '~' 

No. agglutination 
1-25% 
26-50% 
51-75% 
76-100% 

4 

3 

2 

1 
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PLATE X ( figs. A &B ) . Agglutination of spores of P. theae . 
A-control ; B -after treatment with Con A 
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4.11. Callus induction 

Having established the presence of cross reactive antigen between tea leaves and 

P. theae, it was decided fwther to detect the cellular location of the CRA by immunofluorescence 

test in leaf tissue, mycelia and conidia of P. theae as well as in loosened cells. For obtaining 

loosened cells, initially, induction of callus from the stem segment of suceptible vareity (Teenali 

17/1154), was done. It was observed that, within 10 days of transferring the stem segments to 

MS medium (as described in Materials and Methods), callus initiation started and well developd 

calli were formed within one month (Plate XI, fig. A). Young calli thus formed were fragile 

and within a period of7 days these were transferred to liquid MS medium and agitated gently 

to obtaine loosened cells. 

4.12. Immunofluorescence 

Fluorescent antibody labelling with fluorescein isothiocyanate (FITC) is known to be 

one of the powerful techniques to determine the cell or tissue location of major cross reactive 

antigens (CRA) shared by host and parasite. In the present study, following immunodiffusion, 

immunoelectrophoresis, DAC ELISA as well as DAS ELISA the presence ofCRA shared by 

C. sinensis and P.theae has been detected. It was decided to determine the tissue and cellular 

location ofCRA in fragile callus and leaf tissues of tea varieties as well as mycelia and candia 

of P. theae. Detailed methods of antibody staining ofleaf sections and fungal cells have already 

been described in Materials and Methods. Loosened cells, and mycelial preparations were 

photographed under UV -fluorescence. 

4.12.1 Loosened cells 

Fragile callus or loosened cells (Plate-XI,, fig. B & C) were prepared from the stem 

segments of susceptible variety (Teenali 17/1/54) because, this variety showed higher absorbance 

values in ELISA reactions (DAC-ELISA and DAS-ELISA) when tested with anti - P.theae 

antiserum raised against both mycelial antigen and cell wall antigen preparations. The loosened 

cells were treated separately with normal serum, antiserum raised against Teenali-17 /1154 and 

P.theae and finally reacted with FITC. These cells were not auto fluorescent nor did they 

fluoresce when reacted with normal serum, but bright fluorescence of these cells under UV

light was noticed when reacted with antiserum ofTeenali 1711/54.1t is interesting to note that 

when cells were treated with anti-P.theae antiserum and then treated with FITC, bright 

fluorescence was noticed (Plate XII, fig. A & B). 
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PLATE XI ( figs. A-C ) . Callus from stem segments of tea 
( Teenali 17/1/54) ; B & C- loosened cells from 
callus observed under microscope 
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4.12.2 Leaf tissues 

Cross sections of tea leaves (Teenali-17 /1/54) were treated separately with normal 

serum, homologous and pathogen antisera, then reacted with FITC. Leaf sections exhibited a 

natural autofluorescence under UV -light on the cuticle (Plate XIII, fig. A). Same observations 

were noted when the leaf sections were treated with normal serum and FITC. Leaf sections 

treated with antiserum of Teenali-17/1/54 and then reacted with FITC, developed bright 

fluorescence which was distributed throughout the leaf tissues, mainly in the epidermal cells 

and mesophy II tissues. Of much significance was the strong reaction of anti P. theae antiserum 

with leaf tissues ofTeenali-17 /1/54. CRA was concentrated mainly around epidermal cells and 

mesophyll tissues (Plate-XIII, fig. B). 

4.12.3 Mycelia and conidia 

Mycelia and conidia of P.theae were not auto-fluorescent nor did they fluoresce 

when treated with normal serum followed by FITC. Treatment of mycelia and conidia of 

P.theae with homologous antiserum and FITC showed a general fluorescence that was more 

intense on young hypha! tips and on setulae and appendages of conidia (Plate XIV, figs.A-D). 

When fungal cells were treated with antiserum of Tccnali-17/1/54 and treated with FITC, 

bright fluorescence was apparent on young hyphae and on the setulae and appendages of 

conidia. 
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PLATE XII ( figs. A & B ) . Loosened cells from callus of 
tea ( Teenali 17/1154 ) . A- under bright field 
microscope ;B- after treatment with antiserum to 
Teenali 1711 /54 followed by FITC labelling 
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PLATE XIII ( figs. A & B ) . FITC antibody staining of tea leaf 
tissues ( Teenali 1711/54) for cross reactive antigens shared 
with P. theae ; A - autofluorescence of unstained leaf section; 
B - leaf section treated with antiserum to P. theae and 
FITC antibodies of goat specific for rabbit globulin 
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PLATE XIV ( figs. A-D) . Conidia of P.theae under bright field 
microscope (A) and after treatment with antiserum toP. theae 
and FITC antibodies of goat specific for rabbit globulin (B,C&D) 


