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4. Experimental 

4.1. Studies on morphology and physiology of Alternaria alternata 

Alternaria alternata affects niger plants of all ages. Sometimes the spread 

of the disease is so severe that hardly any seeds can be harvested (as 

experienced in the experimental field as well as in farmer's fields in Jalpaiguri 

district). It has been experienced in the present study that the fungi attack 

generally by spores. Germinated spores produced branched mycelia and the 

mycelia entered through the epidermal layer of the leaves of the host. In isolated 

culture, white mycelia soon became black and expanded rapidly with formation of 

septa. Mycelia were either immersed or superficial. Within a week shiny black to 

brown conidial mass were produced on the surface. For conducting studies on 

host-parasite interaction it is important to know about the morphology and 

physiology of the fungus. Hence, it was necessary to culture the fungus in 

different artificial media. In addition, production of inocula, in the form of spores, 

and vegetative mycelia are also_ important for experimental purpose. Hence, it 

was felt to standardize a medium with optimum growth conditions of the fungus. 

The present work was therefore undertaken to study the environmental and 

nutritional requirements of culture media, temperature, pH and light on growth of 

mycelia and sporulation of Alternaria alternata. 

4.1.1. Studies on morphology of Alternaria alternata 

Alternaria alternata, the isolated pathogen of niger, was grown in three 

different media (PDA, PCA and PDB) and morphology of the pathogen along with 

mycelial growth was observed. Profuse sporulation of the fungi was observed in 

PCA (Plate 4.1, fig b). 

For microscopic observations, mycelia were taken in microscopic slides 

from pure culture and stained with cotton-blue in lacto-phenol. The slides were 

mounted with cover glass, sealed and observed under microscope. Immature 

mycelia were hyaline in colour but on maturity it became gray in colour. Conidia 

of the fungus were obclavate to beaked and brownish in colour having transverse 

and longitudinal septa (Plate 4.1 fig e). Conidia were produced from simple 

septate conidiophores in simple or branched acropelal chains (Plate 4.1, fig f). 

The length and breadth of mature conidia were 10-40 ~m and 6-12 ~m 
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fig . a: A .alternata in PDAplate 

fig. b: A. alternata in PCA plate with profuse spores 

fig . c : Mycelia with spores 

fig. d : Germinated spores of A.alternata with germ tube 

fig . e: A.alternata spores clearly showing transverse and longitudinal septa 

fig . f: Arrangement of spores on conidiophore 
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respectively. The diameter of the mature hyphae ranged between 3-5 IJm (Fig 

4.1) 

4.2. Culture conditions affecting growth and sporulation of Alternaria 
alternata 

In vitro study of growth and sporulation of A. alternata was done under 

different culture conditions and in some solid and liquid media. The details of the 

study are being discussed in the following sections. 

4.2.1. Mycelial growth and sporulation of A. alternata in different solid 

media 

In order to evaluate the vegetative growth and sporulation of A. alternata 

in solid media, eight different media viz. potato dextrose agar (PDA}, oat meal 

agar (OMA), Czapek Dox agar (CDA}, Richards's agar (RMA), yeast extract 

mannitol agar (YEMA), malt extract agar (MEA}, potato carrot agar (PCA) and 

corn-meal agar (CMA) were used. Experiments were performed with three 

replications. Detailed procedure has been presented under materials and 

methods (Section 3.7.2). 

From the results (Table 4.1 & Fig 4.2), it was evident that RMA (Richard's 

agar) was best for both growth and sporulation of Alternaria alternata. After 10 

days of incubation on RMA, radial growth of mycelia was 90 mm in diameter and 

sporulation was also good. Radial growth of mycelia was 84.16 mm in CDA, after 

10 days of incubation. Poor sporulation was observed in CDA. In PDA sporulation 

was comperatively less, although good growth of mycelia was evident. Excellent 

sporulation(++++) was observed in PCA with moderate growth of mycelia 

(69.33mm in diameter). Good mycelia growth were also observed in CMA, MEA, 

OMA. YEMA showed good sporulation but comperatively poor mycelia growth. 

4.2.2. Mycelial growth of Alternaria alternata in different liquid media 

The growth of A. alternata was assessed after different periods of 

incubation at 28±1°C. The test fungus was inoculated in sterile PDB, PCB and 

RM media. Each medium (50 ml) was taken in a 250 ml conical flask following 

the methods as described in section 3.7.2. After 5, 10, 15, 20 and 25 days of 

incubation, fungal mycelia were harvested and strained through muslin cloth. 

Strained mycelia mat were blotted with blotting paper and then dried at 60°C in a 

hot air oven. Finally the dried mycelia were allowed to cool and weights of the 



Fig. 4.1 
A: Spores 
B : Germinating spores 

lOJ.!m 

C :Mature hyphae with Septa 
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dried mycelia (grown in different media) were taken in a precision single pan 

balance. The results were summarized in table 4.2 and shown in Fig 4.3. 

Table: 4.1. Mycelia growth and sporulation of Alternaria a/ternata in different 
solid media. 

Radial growth (mm)* and sporulation 
Medium 2 4 
of 

6 8 10 

growth Growth Sp** Growth Sp Growth Sp Growth Sp Growth 

16.66 36.66 57.50 + 76.83 ++ 90.00 
RMA ±0.34 ±0.92 ± 0.76 ±0.55 ±0.58 

28.16 14.83 56.16 70.16 ++ 84.16 
CMA ±0.57 ±0.17 ±0.74 ±0.45 ±0.45 

13.83 32.40 50.66 65.83 82.16 
PDA ±0.50 ±0.95 ±0.61 ±0.44 ±0.84 

12.00 27.66 48.16 64.33 ++ 80.33 
MEA ±0.29 ±0.88 ±0.93 ±0.67 ±0.60 

11.50 26.33 42.83 60.00 ++ 76.16 
OMA ±0.50 ±0.67 ±0.44 ±0.85 ±0.72 

11.83 26.16 41.66 + 55.50 ++ 69.33 
PCA ±0.44 ±0.72 ±0.73 ±0.36 ±0.12 

12.33 26.33 40.33 + 52.00 ++ 69.83 
YEMA ±0.34 ±0.67 ±0.57 ±0.87 ±1.83 

10.33 15.33 32.16 31.00 + 83.33 
CDA ±0.17 ±0.67 ±1.09 ±1.00 ±0.88 

CD (5%) 0.73 1.38 1.89 1.62 2.43 

*Mean of three replications. 
**Sp = Sporulation, - = Nil, + = poor, ++ =fair, +++ = good, ++++ = excellent. 
Data after.± represent standard error values. 
Incubation temperature= 28 ± 1°C, 
CD= critical difference. 
PDA = Potato dextrose agar 
OMA= Oat meal agar 
CDA = Czapeak Dox Agar 
RMA = Richard's agar medium 
YEMA =Yeast extract namitol agar 
MEA = Malt extract agar 
PCA = Potato carrot agar 
CMA = Corn meal agar 
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Table: 4.2. Growth of Alternaria alternata in different liquid media. 

Medium Mycelial dry weight (mg)* 

of growth 
5 days 10days 15days 20days 

PDB 126.66±0.73 330±1.00 463 ±1.15 480±1.15 

PCB 50.00±0.58 193±1.04 230±1.15 240±1.00 

RM 10.00±0.58 36 ±0.58 68±1.04 140±1.25 

CD (5%) 2.32 3.25 3.72 1.28 

• Mean of three replications. Data after± represent standard error values. 
Dry weight of inoculum was 10 mg. 

[ PDB=Potao dextrose broth; PCB= Potato carrot broth; RM=Rechard's medium] 
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25day 

410±1.07 

200±0.84 

78±0.70 

2.88 

From the results (Table 4.2), it was evident that PDB was best for growth 

of A. alternata. Mycelial dry weight was recorded as 480 mg after 20 days of 

inoculation in PDB medium. In PCB, mycelial dry weight was found 240 mg after 

20 days of incubation but in RM mycelial growth was poor. Increasing trend of 

growth was observed from 5 days after inoculation and it continued till 20 days. 

Growth was found to decline after 20 days in all the three media tested. 

4.2.3. Effect of different pH on mycelia growth of A. alternata 

Physiology of any organism is controlled by several factors. Among the 

different factors pH plays an important role on growth and sporulation of a 

fungus. Potato dextrose broth (PDB) was adjusted to pH 5, pH 5.5, pH 6, pH 6.5 

pH 7 and pH 8 by adding 1 (N) NaOH or 1 (N) HCL drop-wise into the medium 

before sterilization. After adjusting the pH in PDB the media was sterilized. Each 

250 ml Erlenmeyer flask contained 50 ml sterilized medium. Media of different pH 

were inoculated separately by A. alternata following the method as mentioned in 

section 3.7.2. and incubated at 28±1°C. Mycelial dry weight were taken after 5, 

10, 15, 20, and 25 days of inoculation and were tabulated in Table 4.3 and shown 

in Fig 4.4. It was found that A. a/ternata was able to grow within a wide range of 

pH, from 5.0 to 8.0 (table 4.3). The fungus however, failed to grow in alkaline 

environment, beyond pH 8.0. The optimum pH for growth was recorded at the pH 

6.5. Highest growth (473.4 mg) was recorded at pH 6.5. Moderate growth was 

observed at pH 5.5, 6.0 and 7.0. Poor growth was observed at pH 5.0 and at pH 
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8.0. The results indicated that slightly acidic pH to neutral pH was optimum for 

the growth of A. alternata. 

Table: 4.3. Effect of different pH on growth of Alternaria a/ternata 

Mycelia dry weight (mg) * 

pH 
5 days 10 days 15 days 20 days 25 days 

5.0 52.6 109.3 252.6 306.4 287.1 
±4.32 ±4.08 ±3.06 ±4.94 ±3.52 

5.5 64.5 165.8 286.3 335.6 298.4 
±2.06 ±2.83 ±2.00 ±2.40 ±3.66 

6.0 111.0 225.3 361.1 466.3 415.7 
±3.55 ±2.64 ±4.50 ±2.04 ±2.86 

6.5 125.7 308.6 445.5 473.4 422.6 
±2.80 ±3.43 ±2.74 ±3.22 ±2.00 

7.0 103.2 195.7 296.8 413.3 392.2 
±4.09 ±4.72 ±1.90 ±4.56 ±2.49 

8.0 24.4 55.2 92.4 102.1 73.3 
±4.08 ±2.40 ±1.01 ±3.13 ±2.54 

CD (5%) 7.12 8.53 7.63 9.50 2.60 

*Mean of 3 replications ; Data after± represent standard error values. 
Dry weight of inoculating mycelia block was 1 0 mg 

4.2.4. Effect of different incubation temperatures on mycelial growth of A. 
alternata 

The growth of A. a/ternata was assessed at different temperatures. Sterile 

media (50ml PDB) was taken in each flask of 250 mi. The sterile media in 

Erlenmeyer flasks were inoculated by the fungus (A. alternata). Inoculation was 

done following the method as described in section 3. 7 .2. The inoculated flasks 

were incubated at different temperatures viz.1 0°C, 150C, 20°C, 25°C, 28°C, 

30°C, 35°C and 40°C. After 5, 10, 15, 20 and 25 days of incubation, mycelia were 

harvested, strained through muslin cloth, blotted and finally dried at 60°C. 

Mycelial dry weights were taken in a precision balance (Sartorious) and were 

recorded in table 4.4. The results have also been presented graphically (Fig 4.5). 
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Results revealed that maximum growth was possible at 28°C at which the 

mycelia dry weight was recorded as 120.3 mg, 325.1 mg, 462.7 mg, 483.4 mg 

and 419.5 mg respectively after 5, 10, 15, 20 and 25 days after inoculation. Very 

poor growth was recorded at incubation temperature of 10 °C. However, results 

presented in Fig 4.5 indicate that A. a/temata was capable of growing at 

temperatures that ranges between 1 0°C to 40°C. 

Table: 4.4. Effect of different temperature on mycelial growth of Alternaria 
a/temata 

Temperature 
(OC) 

Mycelial dry weight (mg)* 

5 Days 10 Days 15 Days 20 Days 25 Days 

10 11.2 15.1 24.8 29.5 19.7 
±3.24 ±3.33 ±2.36 ±1.53 ±3.47 

15 16.6 22.1 32.4 38.3 29.2 
±2.77 ±3.86 ±3.95 ±1.27 ±4.87 

20 49.0 98.7 152.3 208.4 191.3 
±4.60 ±1.17 ±4.41 ±3.84 ±2.27 

25 89.8 182.3 241.7 369.5 345.2 
±4.03 ±3.19 ±3.92 ±4.46 ±4.38 

28 120.3 325.1 462.7 483.4 419.5 
±2.51 ±2.36 ±3.79 ±3.88 ±1.40 

30 70.6 151.0 189.4 224.2 213.0 
±3.48 ±4.35 ±2.04 ±3.80 ±4.97 

35 20.2 44.7 82.4 165.6 110.5 
±3.56 ±2.55 ±3.39 ±1.54 ±3.48 

40 15.3 34.9 55.8 64.2 51.0 
±3.55 +2.77 +3.65 +2.95 +3.14 

CD (5%) 1.74 4.11 3.97 4.64 4.26 

*Mean of three replicates; Data after± represent standard error values. 

Dry weight of inoculating mycelia block was1 0.0 mg 

4.2.5. Assessment of mycelia growth and sporulation of A. alternata and on 
different carbon sources: 

To study different carbon sources for the optimum growth and sporulation 

of the A .altemata a basal medium (Glucose 1%; Asparagine 0.2%; KH2P04 
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0.1%; MgS04, 7H20 0.05%; zn++, Mn++and Fe+++ 2 ~g/ml) was used for the 

purpose. The different carbon sources tested were glucose, sorbitol, sucrose, 

fructose and mannitol. The equivalent amount of carbon present in 1% glucose 

was used as standard and added separately to the basal medium. The medium 

(50 ml) was taken in 250 ml Erlenmeyer flasks and sterilized by autoclaving at 15 

lb. p.s.i. for 15 minutes. Three flasks were taken for each carbon source. After 

cooling, the media was inoculated by the pathogen using 4 mm mycelial discs in 

PDA and incubation was allowed for 5, 10, 15, 20, and 25 days. In control sets, 

no carbon sources were used in the basal medium. After incubation for the 

specified time periods, the mycelia were harvested, dried at 60 °C and weighed. 

The results were tabulated in Table 4.5. After each incubation period but before 

harvest of mycelia, sporulation of the fungus were also recorded in five different 

grades on the basis of visual observations. 

From the results (Table 4.5 and Fig.4.6) it was evident that A. alternata 

showed a gradual increase in growth until 20 days in all cases. Mycelial dry 

weight was maximum (500 mg) after 20 days of incubation when mannitol was 

used as carbon source. Next to mannitol, when fructose and sucrose were 

supplemented separately mycelial growth were 420.4 mg and 410.6 mg 

respectively after 20 days of incubation. When glucose was used as carbon 

source, the growth was minimum among the carbon sources tested and it was 

only 50 mg after 20 days of incubation. Mannitol was found as the best carbon 

source among the different carbon sources tested when overall growth pattern of 

A. alternata was observed. Sporulation was excellent in sucrose and mannitol 

after 20 days of incubation. In all other cases, sporulation was graded as good, 

fair, poor and nil. Generally good sporulation was found in glucose after 25 days 

of incubation but in fructose good sporulation was observed after 20 days of 

incubation. In case of sucrose and mannitol sporulation started after 10 days of 

incubation but in the other cases sporulation started after 15 days of incubation. 

In control set, insignificant growth was observed without any sporulation. 

4.2.6. Assessment of mycelia growth and sporulation of A. alternata and on 
different nitrogen sources: 

To assess the mycelia growth and sporulation of A. alternata on different 

nitrogen sources (both organic and inorganic), modified Asthana and Hawker's 

medium 'A' (Glucose 10g; KNO, 3.5; KH2P04 1.75g; MgS04,7H20 0.75; Agar 

agar 20g and distilled water 1 L) without agar agar was used as basal medium. 
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The quantity of various nitrogen sources was so adjusted to give the same 

amount of nitrogen as furnished by 35 g KN03 in the basal medium. The quantity 

of various nitrogen sources was prepared and dispersed separately in 50 ml 

medium and was taken in 250 ml Erlenmeyer flask. The flasks were sterilized by 

autoclaving at 151b.p.i. for 15 minutes. After cooling the flasks were inoculated by 

test fungi as described in section 3.7.2. All the medium (supplemented with 

different carbon sources) inoculated aseptically were incubated at 28±2° C for 5, 

10, 15, 20 and 25 days. In control set no nitrogen source were provided in the 

basal medium. After specified incubation periods, sporulations were checked and 

were recorded in five different grades based on visual observation. After that 

mycelia were harvested, dried at 60°C and weighed. The results were tabulated 

in the Table 4.6. 

Table: 4.5. Effect of different carbon sources on the growth and sporulation of A. 
a/ternata 

Incubation period (Days) 

Carbon 5 10 15 20 25 
source 

Mwt. Sp* Mwt. Sp Mwt. Sp Mwt. Sp Mwt. Sp 
(mg) • (mg) (mg) (mg) (mg) 

Glucose 50.00 100 110 + 125 ++ 100.00 +++ 
±0.89 ±1.17 ±0.80 ±0.90 ±1.29 

Sucrose 110.6 200.0 + 340.4 ++ 410.60 +++ 385.00 ++++ 
±0.99 ±1.15 ±1.14 ±0.66 ±0.68 

Fructose 100.0 190.1 310.2 + 420.40 ++ 390.00 +++ 
±1.04 ±0.95 ±1.25 ±0.76 ±1.46 

Sorbitol 80.00 170.6 280.3 + 300.40 ++ 310.00 ++ 
±0.81 ±0.59 ±0.85 ±0.83 ±0.87 

Mannitol 110.50 - 240.8 + 380.90 ++ 500.00 ++++ 495.80 +++ 
±0.45 ±0.85 ±0.87 ±1.29 ±0.31 

Control*** 10.30 12.6 13.90 14.10 13.11 
±1.08 ±0.95 ±0.30 ±0.80 ±0.49 

CD5% 2.03 2.01 12.55 1.66 2.58 

*Mean of three replicates. **Sp - Sporulation, - - Nil, + - poor, ++ - fair, +++ -
good, ++++ = excellent. ***Control Basal medium without any carbon source. 
Mwt(mg) =Mycelia dry weight in mg; Data after.±. represent standard error values 

From the results (Table 4.6 and Fig. 4.7) it was evident that A. a/ternata showed 

highest growth (360.00 mg) in peptone after 20 days of incubation. The other two 

organic nitrogen sources, yeast extract and beef extract also showed satisfactory 
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growth (340.00 mg and 235.00 mg respectively) after 20 days of incubation. 

Among the inorganic nitrogen sources tested, potassium nitrate and Sodium 

nitrate showed best results (286.00 mg and 275.00 mg respectively) after 20 

days of incubation. Media containing Ammonium sulphate as nitrogen source 

showed minimum mycelial growth (245.00 mg after 20 days) among all the 

nitrogen sources tested. In all cases, maximum increase in growth was observed 

within first 15 days of incubation and it declined after 20 days. Sporulation was 

found good after 15 days of incubation and continued until 25 days. In case of 

potassium nitrate and yeast extract, sporulation was found Good after 20 days of 

incubation. Insignificant growth without any sporulation was observed in control 

set. 

Table: 4.6. Effect of different nitrogen source on the growth and Sporulation of A. 
altern ala 

Incubation periods (Days) 

Nitrogen 50 100 150 200 250 
source 

Mwt. Sp** Mwt. Sp Mwt. Sp Mwt. Sp Mwt. 
(mg) (mg) (mg) (mg) (mg) 

Inorganic 
Potassium 150.0 220.5 + 265.2 +++ 286.0 +++ 250.0± 
nitrate ±1.00 ±0.66 ±0.70 ±0.98 1.32 

Sodium 130.6 186.2 + 210.4 ++ 275.0 ++ 225.0± 
nitrate ±0.74 ±0.76 ±0.90 ±0.92 0.76 

Ammonium 120.8 163.4± + 198.0 ++ 245.1 ++ 215.0± 
sulphate ±0.53 0.83 ±0.81 ±0.72 0.72 

Organic 230.1 298.6 + 340.0 ++ 360.0 ++ 310.0± 
Peptone ±1.27 ±0.61 ±1.53 ±1.25 1.15 

Yeast 210.4 250.0± + 290.3 ++ 340.0 +++ 300.0± 
extract ±1.00 1.26 ±1.12 ±1.44 1.15 

Beef extract 115.0 165.0 200.6 ++ 235.4 ++ 215.0± 
±0.81 ±1.63 ±0.70 ±0.72 0.72 

Control*** 5.90 9.1 10.6 11.5 14.80 
±0.32 ±0.92 ±0.31 ±0.55 ±0.67 

CD at 5% 1.58 2.05 1.32 0.99 0.77 

Sp 

+++ 

++ 

++ 

++ 

+++ 

++ 

Mwt (mg) = Mycelial dry weight in mg; *Mean of three replicates. Data after± represent 
standard error values.**Spn = Sporulation, - = Nil, + = poor, ++ = fair, +++ = good, 
++++ = excellent.***Control basal medium without nitrogen source. 
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4.2.7. Conditions affecting sporulation of Alternaria alternata 

Fungal spore germination is very important for understanding the 

host-pathogen interaction. For this, different incubation period, different pH and 

different temperatures are very important in determining the germination and 

germ tube elongation. 

4.2.7.1. Spore germination and germ tube elongation of A.alternata after 
different periods of incubation 

Spore germination, and germ tube elongation of A. a/ternata was studied after 

different periods of incubation in two different ways. Spore suspensions (1 x1 05 

ml"1
) prepared with sterile distilled water was used in one set. Spore suspensions 

(30iJI) was placed on microscopic slides in triplicates and allowed to incubate for 

2, 4, 6, 8, 10, and 12 hours at 28±1 °C, in a humid chamber as described under 

materials and methods (Section 3.7.3). The results were tabulated in Table 4.7 

and presented graphically in Fig. 4.8. 

Germination of spores started after 2 hours of incubation when sterile 

distilled water was used in spore suspension. An increase in the percent 

germination of spores and germ tube length were observed with increasing time 

interval. After 12 hour of incubation germination percentage and germ tube 

length was recorded as 100% and 340.10 iJm respectively (Table 4.7and Fig. 

4.8). 

Table: 4.7. Percent spore germination at different incubation period 

Incubation period (hour) %of spore Germ tube length 
germination 1 (IJm) 

2H 38.11±1.19 50.26±2.09 

4H 60.26±2.33 91.34±1.80 

6H 74.70±1.24 137.00±1.87 

8H 86.00±1.27 220.39±2.09 

10H 97.91±0.85 310.29±2.67 

12H 1 00.00±0.00 340.10±1.19 

CD at 5% 2.66 5.61 

1Mean of 3 replications. Calculated on the basis of 300 spores per slide. 
2 Mean of 3 replications and average of 60 germ tubes per slide. 

Data after::!: represent standard error values. 
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4.2.7.2. Spore germination of A. a/ternata at different temperatures 

Spore suspension of A. alternata was prepared as mentioned in the 

materials and methods (Section 3.7.3.1). Sterile distilled water was added to 

attain optimum concentration (1x105 ml"1
) of the spores. Spore suspension drops 

(30J.JI) were placed in different slides in triplicates and incubated at different 

temperatures (10°C, 15°C. 20°C, 25°C, 28°C, 30°C, 35°C, and 40°C). The results 

were noted in Table. 4.8. 

Table: 4.8. Effect of different temperatures on spore germination of A. alternata 

at different incubation period. 

Temperature 
Germination Percentage * 

Incubation period (days) 

2 4 6 8 10 12 

10°C 0.00 0.00 0.00 0.00 0.00 2.45 
±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±1.15 

15°C 0.00 0.00 0.00 0.00 5.11 20.36 
±0.00 ±0.00 ±0.00 ±0.00 ±0.62 ±0.40 

20°C 0.00 18.74 27.15 34.12 40.43 50.30 
±0.00 ±0.93 ±0.70 ±0.78 ±0.87 ±0.51 

25°C 27.26 50.28 69.14 79.56 85.50 96.00 
±0.62 ±0.96 ±0.93 ±0.64 ±0.78 ±0.64 

28°C 38.13 60.29 71.26 86.26 97.32 100.00 
±1.07 ±0.98 ±0.65 ±0.96 ±1.08 ±1.22 

30°C 0.00 28.54 36.32 50.34 55.16 60.11 
±0.00 ±0.98 ±1.27 ±1.08 ±0.64 ±0.95 

35°C 0.00 11.36 21.22 25.65 30.17 35.36 
±0.00 ±0.72 ±0.53 ±0.55 ±0.99 ±0.35 

40°C 0.00 0.00 0.00 0.00 0.00 0.00 
±0.00 ±0.00 ±0.00 ±0.00 ±0.00 ±0.00 

CD (5%) 1.02 1.26 1.48 1.15 1.07 1.09 

*Mean of 3 replications. Percentage calculated on the basis of 300 spores. 
Data after± represent standard error values. 
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Results revealed that only 2.45% germination took place after 12 hours of 

incubation at 1 0°C and no germination took place at 40 °C. Spore germination 

was optimum at 28 °C (100% after 12 h). Thus optimum temperature of spore 

germination was found to be 28 °C (Table 4.8 and Fig.4.9) 

4.3. Pathogenicity of Alternaria a/ternata in different niger varieties 

Pathogenicity of a fungus varies in different cultivated varieties. Differential 

pathogenicity of a fungus to different varieties gives us information about the 

degree of susceptibility or resistance of a particular variety to a particular 

pathogen. Hence, in the present study, pathogenicity of Alternaria a/ternata was 

tested on 6 different niger varieties viz. LV, JNC 6, GA-5, GA-1 0, RCR-18 and 

NRS-96-1. 

4.3.1. Pathogenicity test following whole plant inoculation technique 

The whole plant inoculation method as described by Dhingra and Sinclair 

(1995) was followed. Pathogenicity of Alternaria alternata was tested on whole 

niger plants of six different varieties as mentioned in section 3.1.1.1. Ten plants 

of each variety were taken for each treatment. The inoculation method and 

procedure of disease assessment has been described in materials and methods 

(Section 3.5 and 3.6 respectively) and results have been summarized in Table 

4.9 and Fig.4.1 0. 

From the data represented in Table 4.9 and Fig.4.1 0, it was quite clear 

that LV showed maximum disease development (Mean disease index/ plant was 

32.5) after 10 days of inoculation. Therefore, niger plants of LV could be 

considered as most susceptible variety against Alternaria a/ternata among the 

vaieties tested. Niger plants belonging to JNC-6 variety were also highly 

susceptible (MDI/plant=31.6 after 10 days of inoculation). Varieties like NRS-96-1 

and RCR-18 were most resistant (MDI/plant=5.3 after 10 days of inoculation) and 

resistant (MDI/plant=10.4 after 10 days of inoculation) respectively. The other two 

varieties (GA-5 and GA-1 0) were less susceptible than most susceptible varieties 

(LV and JNC-6). 
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Table: 4.9. Pathogenicity of Alternaria a/ternata on niger varieties. 

Incubation period (Days) 

Niger 2 4 6 8 10 
varieti 
es 

MDI/ MNLI MDI/ MNU MDI/ MNLI MDI/ MNLI MDII MNU 
plant* Plant Plan Plant plant plant plant plant plant plant 

t 

LV 2.8± 14.3± 4.6± 20.2± 8.4± 24.3± 10.1± 28.4± 14.3± 32.5± 
0.21 1.01 1.18 1.00 0.42 1.02 0.25 1.01 0.96 0.87 

JNC 6 
2.8± 13.2± 3.7± 16.6± 7.5± 22.5± 8.5± 24.3± 9.3± 31.6± 
0.53 1.27 0.55 0.91 1.1 1.36 1.04 1.27 0.57 0.78 

GA-5 
2.6± 12.5± 3.2± 14.4± 4.6± 16.2± 5.0± 18.4± 8.4± 22.0± 
0.17 1.10 0.96 0.76 1.1 1.07 0.85 0.93 0.83 0.95 

GA-10 
2.5± 11.8± 2.9± 12.2± 3.2± 12.6± 3.4± 13.3± 3.6± 14.6± 
0.20 1.14 0.10 1.14 0.4 1.46 0.57 0.79 0.81 0.64 

RCR- 1.7± 9.3± 1.8± 10.3± 2.0± 10.4± 2.2± 10.4± 2.3± 10.4± 
18 0.35 1.24 0.26 1.34 0.25 0.67 0.59 0.40 0.74 0.76 

NRS - 1.1± 5.2± 1.3± 5.3± 1.4± 5.3± 1.6± 5.3± 1.9± 5.3± 
96-1 0.30 1.12 0.35 1.19 0.20 0.45 0.12 0.71 0.21 0.20 

CD at 0.51 0.41 1.39 2.62 1.6 1.09 1.81 2.10 2.01 2.06 5% 

MDI= Mean disease index; MNL =Mean number of lesions 

*Mean of 3 replications. 

Data after:!: represent standard error values. 
** Average of 50 lesions. 
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4.4. Experiments on Serological studies 

Serological techniques are powerful tools in virulence studies. It play a 

key role in early detection of plant pathogenic microorganisms. The serological 

techniques determine, on one hand, the pathogenic properties of isolates, and on 

the other hand, the susceptibility or resistance of host cultivars. In the present 

investigation, attempt has been taken to determine the presence of common 

antigens, if any, among the niger varieties and A. a/ternata. Several workers have 

shown that the possibility of susceptibility is greater when cross-reactive antigens 

are more (Alba et al., 1983; Purkayastha and Banerjee, 1990; Chakraborty and 

Saha, 1994. Plant antigens were prepared from healthy leaves of six niger 

varieties (including susceptible and resistant cultivated varieties). Similarly, fungal 

antigen was prepared from a virulent isolate of A. a/ternata. Polyclonal antisera 

were raised in separate male white rabbits against antigens of selected 

representative type i.e. one resistant (NRS-96-1), one susceptible (LV) niger 

variety and pathogen (A. alternata). Normal sera were collected from rabbits by 

marginal ear vein puncture before immunization. The details of the antigen 

preparation procedures have been described in section 3.8 & 3.9 of materials 

and methods. The antigens of respective varieties were designated by lowercase 

letter 'a' suffixed with first 2-4 letters of the variety codes of niger plants (i.e. LVa, 

JNC6a, GA5a, GA 1 Oa, RCRa and NRSa). Codes of fungi were ~I' for Alternaria 

a/ternata (pathogen) and 'Gv' for G/ioc/adium virens (nonpathogen). Antisera of 

different niger varieties and fungi were designated by upper case letter 'A' 

suffixed with respective codes of the niger varieties or fungi. Three different 

antisera (LVA, NRSA, AlA) and normal sera (NS) were used in the present study. 

Procedures of preparation of the antisera and normal sera have been discussed 

in the materials and methods (Section 3.1 0). 

4.4.1. Serological relationship between different niger varieties and 

Alternaria alternata by immunodiffusion (I D) technique 

The standard method as described by Ouchterlony (1958) was followed to 

determine the serological relationship between host and pathogens by agar gel 

double diffusion. First, semi quantitative estimation of antibody activity of the 

three different antisera against their homologous antigens as well as titre values 

of antigens of LVa, NRSa and Ala against their homologous antisera were 

determined (Table 4.1 0). Following determination of titre values the antigen of the 

pathogen A. alternata, antigen of non-pathogen G/ioc/adium virense and leaf 
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antigens of six different niger varieties (LV, JNC-6, GA-5, GA-10, RCR-18 and 

NRS 69-1) were used in the experiment. Preparation of the antigens, antisera 

and details of the procedure has already been discussed in the materials and 

methods (Section 3.9, 3.10 & 3.12). The results have been presented in Table. 

4.11. 

Table: 4.1 0. Semi-quantitative estimation of antigens and antisera of niger varieties 
varieties and A. alternate 

Host and pathogen 

Host variety 

NRS-69-1 

Local variety 

Pathogen 

Alternaria alternata 

Incubation time- 72h 

Temperature- 25±1° C. 

Titre of antigen against 
homologous antiserum 

8 

8 

16 

Titre of antiserum 
against homologous 

antigen 

16 

16 

32 

From the results noted in Table 4.11, it was observed that common 

antigenic relationship were present not only in cases of homologous reactions i.e. 

between antisera and antigens of A. alternata (Plate 4.3 fig. b), LV (Plate 4.3 fig. 

a & f) and NRS 96-1 (Plate 4.3 fig.e) but also in cross reactions between antisera 

of A.alternata (AlA) and antigens of four niger leaves (LVa, JNCa, GA5a, and 

GA 1 Oa). Very low intensity precipitin band was observed between antisera (AlA) 

and antigen (RCRa) (Plate 4.3, fig. c). No precipitation band was observed when 

antigen NRSa was used against antisera of A.alternata (AlA) (Plate 4.3, fig. c). 

Common precipitation bands were also found in reactions between antisera LVA 

and antigen Ala (Plate 4.3, fig. d). Where the antisera (NRSA) of NRS 96-1 

variety was used, common precipitation bands were visible with the antigens 

LVa, JNCa, GA5a, GA10a, RCRa, and NRSa (Plate 4.3 fig. e). No precipitation 

bands were observed in any reaction involving antigen of G/iocladium virens 

(Gva) or normal sera (NS) (Plate 4.3, fig. d & f). 
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PLATE 4.3 

Agar gel double diffusion test using different antigens and antisera 

fig. a: Leaf homologous reaction where peripheral wells contained antigen of LV 
(LVa) and central well contained antisera of LV (LVA). 

fig.b: Fungus homologous reaction where peripheral well contained antigen of 
A.alternata (Ala) and central well contained antisera of fungus (AlA). 

fig. c: Peripheral wells contained antigens of NRS 96-1 (NRSa), RCR-18 
(RCRa), JNC-6 (JNCa), GA10 (AG10a), LV (LVa), GAS (GASa) and 
central well contained antisera of fungus A.alternata (AlA). 

fig . d : Peripheral wells contained antigen of LV (LVa), Normal sera (NS), 
G/iocladium virense (Gva), A.alternata (Ala) and central well contained 
antisera of LV (LVA). 

fig. e : Peripheral wells contained antigens of NRS 96-1 (NRSa), RCR-18 
(RCRa), GA10 (AG10a), JNC-6 (JNCa),LV (LVa), GAS (GASa) and 
central well contained antisera of resistant variety NRS 96-1 (NRSA). 

fig. f : Peripheral wells contained antigens of GA10 (AG10a), GAS (GA5a), 
Normal sera (NS), LV (LVa), JNC-6 (JNCa), and central well contained 
antisera of LV variety (LVA). 
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Table: 4.11. Common antigenic relationship between niger varieties and 
Altrenaria altrenata (Based on agar gel double diffusion) 

Antisera of pathogen and host Antigen of pathogen, ____ __; __ ..=.... __________ _ 

host and non-pathogen Alternaria alternata Local variety NRS-69-1 

Pathogen 
Alternaria altemata (Ala) 

Susceptible varieties 
Local variety (LV a) 

JNC-6 (JNCa) 
GA-5 (GA5a) 

GA-10 (GA10a) 

Resistant varieties 
NRS-69-1 (NRSa) 
RCR-18 (RCRa) 

Non pathogen 
G/iocladium virens (Gva) 

(AlA)* (LVA) (NRSA) 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

Common precipitation band present = +;Common precipitation band absent = -
*Codes of different antigens and antisera are in parenthesis. 

Immunodiffusion tests clearly showed the presence or absence of 

common antigens between hosts and pathogen. Many of the antigen antiserum 

reactions (precipitin bands) could not be clearly distinguished. Hence, for better 

resolution it was decided to separate the antigens by electrophoresis before 

exposing them to antisera. 

4.4.2. Serological relationship between different niger varieties and 
Alternaria alternata by immunoelectrophoresis (IE). 

A combination of electrophoresis and radial immunodiffusion in agar gel 

is immunoelectrophoresis. In agar gel, movement of molecules in an electric field 

is similar to that in liquid medium, with the advantage that free diffusion during 

and after electrophoresis is lessened (Clausen, 1969). Immunoelectrophoresis 

was done using the antisera AlA (of A.alternata), LVA (of Local Variety) and 

NRSA (of NRS 96-1 variety) and different niger plant antigens (LVa, JNCa, 

GA5a, GA10a, RCRa, NRSa), pathogen antigen{Aia), and antigens (Gva) of non

pathogen G/iocladium virens. The detail of the procedure has already been 
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discussed in the materials and method (Section 3.12.2). The results of the 

experiments were noted in Table 4.12 and Table 4.13. 

Table: 4.12. Comparison of precipitation arcs found in immuno-electrophoresis 
of Niger varieties (Susceptible and resistant), pathogen (Alternaria 
aternata) and non-pathogen (G. virens). 

Total No of precipitation arcs 

Antigen of pathogen, Antisera of pathogen and host 

host and non-pathogen 
Alternaria alternata Local variety NRS-69-1 
(AlA)* (LVA) (NRSA) 

Pathogen 

Alternaria alternata (Ala) 4 1 0 

Susceptible varieties 

Local variety (LV a) 1 5 3 

JNC-6 (JNCa) 1 5 3 

GA-5 (GA5a) 1 4 2 

GA-1 0 (GA 1 Oa) 1 4 2 

Resistant varieties 

NRS-69-1 (NRSa) 0 3 4 

RCR-18 (RCRa) 0 4 4 

Non pathogen 

Gliocladium virens (Gva) 0 0 0 

*The codes of different antigen and antisera are in the parenthesis. 

From Table 4.12, 4.13 and Fig. 4.11 it was evident that the antigen of A. 

a/temata shared one precipitin arc or band when treated with the antisera of LV 

variety (LVA). Antigen of NRS 96-1 variety and RCR-18 shared respectively 3 

and 4 precipitin arcs when treated with the antisera of LV variety (LVA). Antigens 

each of LV, JNC-6, shared five precipitin bands and GA-5, and GA-10 shared 

four precipitin bands when reacted with antisera of LV (LVA). 
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Antigens of LV, JNC-6, GA-10 and GA-5, shared precipitation arcs each 

in all the cases when reacted with antisera of A. altern at a (AlA) while antigens of 

NRS 69-1 variety (NRSa), and RCR-18 (RCRa) variety showed no precipitation 

arcs. Antigen (Ala) of A. alternata shared four precipitin bands with antisera (AlA) 

of A. alternata. Antigen (Ala) of A.afternata shared one precipitin band with 

antisera LVA although it shared no precipitin band with antisera (NRSA) of NRS 

69-1 variety (Plate 4.4, fig. e & c). 

Table: 4.13. Immunoelectrophoretic test of antigens and antisera of niger 
varieties and Alternaria alternata 

Precipitation arcs Antigen of 
pathogen, host Antisera of A. Antisera of Local Antisera of NRS-69-

and non- a/ternata (AiaA) Variety (LVA) 1 (NRSA) 

pathogen 1 2 3 4 1 2 3 4 5 1 2 3 4 5 

Pathogen 
A. a/ternata + + + + + 
(Ala) 

Susceptible 
varieties 
Local Variety + + + + + + + + + (LVa) 

JNC-6 (JNCa) + + + + + + + + + + 

GA-5 (GA-5a) + + + + + + + 

GA-10 (GA-10a) + + + + + + + 

Resistant 
varieties 
NRS-69- + + + + + + + 
1(NRSa) 

RCR-18 (RCRa) + + + + + + + + 

Non pathogen 

G/iocladium 
virens (Gva) 

Common precipitation band present(+) 
Common precipitation band absent(-) 
*The codes of different antigens and antisera are in the parenthesis. 



LVa ~· 
LVa 

~· 
I 

?frO~=---; 
I I AlA I 

LVa JNCa 
/o~. 

' , ' 

LVa 0 .,,, GA10a 
~, ~ ~5 

LVa ~' GAS a ~· 
GA10a 0 ,,, Ga10a 0 

I §;0~· tvA! I NBSA I 

~~· RCRa RCRa ' ' 

GAS a 

Ok' 
JNCa ~ )ffi· 

~ --5 

I t:IB~8 I I :veys:-. I)(A I 

u~' JNCa RCRa ' " 
LVa ~' NRSa u 

A<A 
R A 

0 Ala 0 RCRa 

Ala 

~ 
NRSa 0 

I AlA I 

Ala 
·~, 

Ala 
~o~ 

LVa ~' LVa ~· 
I NRSA I I AlA I -~~o ~3 4 .--:::ro~ " , ' 

NRSa Ala 

Fig. 4.11 : lmmunogram showing immunoelectrophoretic patterns of antigens and 
antisera of A.a/ternata and niger varieties. Different antisera used in the 
central rectangular wells are of Alternaria a/temata (AlA), LV (LVA), and 
NRS 69-1 (NRSA) while different antigens were used in the peripheral 
wells are LV (LVa), NRS69-1 (NRSa), JNC 6 (JNCa), GA-5(GA5a), 
GA-10 (GA10a),RCR 18 (RCRa) 
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of A.alternata and niger varieties 

fig . a : Central well contained antisera of A.alternata {AlA) and peripheral wells 
contained antigen of A.alternata(Aia). 

fig. b : Central well contained antisera of LV (LVA) and peripheral wells contained 
antigen of A. alternata (Ala) and nonpathogen Gliocladium virens (Gva) 

fig . c : Central well contained antisera of NRS 69-1 (NRSA) and Peripheral wells 
contained antigen of LV (LVa), and antigen offungus A.alternata (Ala). 

fig . d : Central well contained antisera of LV (LVA) and peripheral wells contained 
antigen of LV (LVa) 

fig. e : Peripheral well contained antigen of LV (LVa), NRS 69-1 (NRSa) and central 
well contained antisera of LV (LVA). 
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4.4.3. Detection of cross-reactive antigens between leaf antigens of 
different niger varieties and antisera of Alternaria alternata by indirect 
ELISA 

Several formats of enzyme linked immunosorbent assays have become 

popular as a diagnostic tool (Born and Boland, 2000; Kennedy et a/. 2000, 

Sumarah and Miller, 2005; Babitha et a/., 2006). Among the different formats 

indirect-ELISA technique has been used by several authors (Chakraborty and 

Saha, 1994; Olsson, 1995; Kratka eta/., 2002; Priou eta/., 2006). Cross reactive 

antigens have been successfully detected between different host parasite 

interactions by indirect-ELISA (Dasgupta et a/., 2005; Chakraborty and Sharma, 

2007). Cross reactive antigens determine the susceptibility or resistance of a host 

in a host parasite combination. Therefore, it was considered worthwhile to study 

cross-reactive antigens between A. a/ternata and niger varieties by using indirect 

ELISA format, since this technique is one of the most sensitive serological 

technique to detect and quantify low concentration of antigens. In the present 

study, leaf antigens of the six niger varieties have been included. In addition, 

mycelial antigen of the pathogen A. alternata and a non pathogen G/ioc/adium 

virens have been used as antigen while antisera of two niger varieties (LV and 

NRS 96-1 variety) and the fungal pathogen A. a/ternata were used to perform 

indirect-ELISA. All the antisera as well as normal sera were diluted to 1/125 

and/or 1/250 dilution and were tested against three different concentrations (5 J.lg 

ml ·1, 10 J.lg ml ·1 and 20 J.lg ml "1) of each antigen separately. The detailed 

procedures of indirect ELISA as well as the preparation of antigens and antisera 

have already been discussed in the materials and methods (Section 3.13, 3.9 & 

3.1 0). An ELISA reader (Mios Junior, Merck) determined the absorbance of all 

the combinations at 492 nm and the results have been presented in Table 4.14 

and Fig.4.12. 

From Table 4.14, it was clear that all the three concentrations of the 

antigen A. alternata showed higher absorbance values when tested with the 

antisera of the susceptible variety, LV (0.998 at antigen concentration 20 JJg/ml at 

the antisera dilution of 1/125) than when tested with antisera of the resistant NRS 

69-1 (0.236 at antigen concentration 20 JJg/ml at the antisera dilution of 1/125). 

The reciprocal cross of these combinations also showed higher absorbance 

values produced by antigens of LV (0.522 at antigen concentration 20 JJg/ml at 

the antisera dilution of 1/125) than produced by antigens of NRS 69-1 (0.164 at 

antigen concentration 20 J.lg/ml at the antisera dilution of 1/125) when tested with 
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antisera of A.alternata. This clearly indicates that cross-reactivity was higher 

between pathogen and susceptible variety than between pathogen and resistant 

variety. Results obtained from all the combinations showed that the absorbance 

values of normal serum control were lower than the corresponding test values. 

Table: 4.14. Indirect ELISA (A,92) values of different antigens (antigens of 6 Niger 

varieties and Alternaria a/ternata) and three different antisera. 

Antigen of Normal sera (NS) and antisera (AS) of susceptible and resistant niger 
host varieties and ~atho9en 
varieties, ~g Local variety (LV) NRS-69-1(NRSA) A.alternata (AlA) prot 
pathogen 

ein NS AS AS NS AS AS NS AS AS and 
nonpathog 

/ml 1/125 1/125 1/250 1/125 1/125 1/250 1/125 1/125 1/250 

en 
Local 20 0.040 1.118 1.063 0.040 0.750 0.695 0.040 0.522 0.462 
variety 

10 0.035 0.972 0.916 0.035 0.742 0.673 0.035 0.400 0.345 (LVa) 
5 0.020 0.905 0.905 0.020 0.720 0.660 0.020 0.365 0.305 

JNC-6 20 0.026 1.110 1.057 0.026 0.785 0.682 0.026 0.356 0.480 
(JNCa) 

10 0.022 0.965 0.910 0.022 0.761 0.654 0.022 0.386 0.331 

5 0.018 0.945 0.893 0.018 0.733 0.644 0.018 0.327 0.275 
GA-5 20 0.031 0.997 0.942 0.031 0.843 0.785 0.031 0.385 0.335 
(GA5a) 

10 0.026 0.984 0.931 0.026 0.832 0.776 0.026 0.363 0.311 

5 0.021 0.965 0.915 0.021 0.822 0.769 0.021 0.342 0.292 
GA-10 20 0.034 0.865 0.810 0.034 1.011 0.993 0.034 0.265 0.205 
(GA10a) 

10 0.030 0.832 0.812 0.030 0.994 0.890 0.030 0.249 0.199 

5 0.026 0.823 0.722 0.026 0.963 0.883 0.026 0.231 0.181 
RCR-18 20 0.028 0.730 0.670 0.028 1.116 1.061 0.028 0.198 0.138 
(RCRa) 

10 0.022 0.718 0.663 0.022 1.103 1.044 0.022 0.177 0.125 

5 0.020 0.695 0.643 0.020 1.083 1.023 0.020 0.164 0.114 
NRS-69-1 20 0.025 0.716 0.660 0.025 1.134 1.078 0.025 0.193 0.140 
(NRSa) 

10 0.025 0.688 0.636 0.025 1.110 1.055 0.025 0.173 0.123 

5 0.018 0.662 0.616 0.018 1.086 1.025 0.018 0.153 0.103 
A. altern ala 20 0.024 0.998 0.938 0.024 0.236 0.172 0.024 1.029 0.969 
(Ala) 

10 0.020 0.980 0.924 0.020 0.193 0.140 0.020 0.993 0.940 

5 0.017 0.963 0.913 0.017 0.186 0.135 0.017 0.987 0.937 

9 0.027 0.140 0.085 0.027 0.146 0.095 0.027 0.165 0.110 
G. virens 

10 0.025 0.126 0.073 0.025 0.132 0.051 0.025 0.149 0.097 (Gva) 
5 0.023 0.110 0.059 0.023 0.118 0.063 0.023 0.133 0.083 

*Codes of antigens and antisera in the parenthesis. NS 1/125-normal sera 
dialuted to 1:125, AS 1/125=antisera diluted to 1:125, AS 1/250 =antisera diluted 
to 1:250. 
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Fig 4.12: Indirect ELISA (A492) results of different combinations of leaf antigens 

(20 1-JI ) against three different antisera. 

[Antigens of different niger varieties with their codes in parentheses are : Local 

variety (LVa), JNC-6 (JNCa), GA-5 (GA5a), GA- 10 (GA 1 Oa), RCR 18 (RCRa), 

NRS 69-1 (NRSa). Three different antisera were of the Local Variety (LVA), NRS 

69-1 (NRSA) and A. Alternata.] 
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4.4.4. lmmunogold labelling followed by silver enhancement for cellular 
localization of cross-reactive antigens 

For cellular location of different proteins or antigens immunogold 

labeling followed by electron microscopy is a powerful tool (Lee et a/., 2000; 

Trillas et a/., 2000 and Nahalkova et a/., 2001 ). To visualize immunogold 

labels in light microscope, silver enhancement is essential. Colloidal gold 

labels are normally visible only at electron microscope level. Silver enhancer 

enhances the colloidal gold label by precipitation of metallic silver to give a 

high contrast signal visible under light microscope. Fluorescent antibody 

labelling with fluorescein isothiocyanate (FITC) is also known to be one of the 

powerful techniques to determine the cell or tissue location of antigens or 

proteins. However, autofluorescence present in the plant tissues may mislead 

the proper understanding of the actual cellular location of CRA or any proteins. 

Moreover, a fluorescence microscope is more expensive than light 

microscope. Hence it was considered worthwhile to perform immunogold 

labeling followed by silver enhancement for tissue location of CRA under light 

microscope. Earlier serological experiments like immunodiffusion, 

immunoelectrophoresis and indirect-enzyme linked immunosorbent assay 

(indirect ELISA) clearly indicated the presence of cross reactive antigens 

(CRA) between niger varieties and A. alternata. To find out tissue and cellular 

location of CRA shared by the pathogen and niger leaves, immunogold 

labeling studies followed by silver enhancement were performed. Leaf 

sections (cut through midrib) of susceptible (LV) and resistant (NRS 96-1) 

niger varieties and mycelia and spores of A.a/ternata were used as antigens. 

The antisera of LV (susceptible variety), NRS-96-1 variety (resistant variety) 

and the pathogen A.alternata were used in the experiment. To determine the 

exact location of CRA, both leaf section and fungal mycelia were treated with 

antisera and subsequently immunogold labeling and silver enhancement of 

the host and pathogen was done. The procedure has been discussed in the 

materials and methods section in details (Section 3.14). 

Normal untreated section of niger leaf when observed under light 

microscope, showed no precipitation and the cells were green in colour. When 

immunogold labeling and silver enhancement were performed on leaf sections 

treated with normal sera, the natural greenish colour (Plate 4.5, fig a) 

disappeared but no precipitation was observed on the cells (Plate 4.5 fig.f). 

Leaf sections of susceptible variety (LV) when treated with antisera LVA (i.e. 
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with homologous antisera) and subsequent immunogold labeling followed by 

silver enhancement, showed maximum precipitation in the epidermal regions, 

mesophyll tissues and vascular bundle elements of the leaves (Plate 4.5 fig. 

b). Similar result was observed when leaf sections of NRS 96-1 were treated 

with homologous antisera (Plate 4.5 fig.d). Heavy precipitation was also 

observed when a leaf section of LV was treated with antisera of NRS 96-1 

variety and vice versa. 

In heterologous reaction, when the leaf section of susceptible variety 

(LV) was treated with antisera of A. a/ternata and labeled with immunogold 

particles enhanced by silver precipitation, darkening was observed mainly in 

the epidermal regions. Some precipitation was also found distributed in 

mesophyll tissues and vascular bundle elements but these were comparatively 

less dark than observed for homologous reaction (Plate 4.5 fig.c) indicating 

the presence of CRA. When leaf section of resistant variety (NRS 96-1) was 

treated with the antisera of pathogen (A. a/ternata) faint precipitation was 

observed after immunogold labeling and silver enhancement (Plate 4.5 fig.e). 

lmmunogold labeling and silver enhancement of mycelia and spores of 

the pathogen A. alternata showed that these were grayish in normal condition. 

When treated with antisera of A. a/ternata (i.e. homologous treatment) mycelia 

and spores took dark color after immunogold labeling and silver enhancement. 

When treated with antisera (LVA) of susceptible variety, mycelia showed 

darkening mainly in the hyphal tips and patches in mycelium and spores but 

not as much as homologous reaction. Spores and mycelia when treated with 

antisera of resistant variety (NRS 96-1) showed almost no precipitation and 

retained normal grayish colour. 



lijijiJJj 
lmmuno-gold labeling and siver enhansment of niger leaf tissues for detection 
of cross- reactive antigens and homologous antigen. 

fig. a : Untreated leaf section (LV) 

fig. b : Leaf section of LV treated with antisera of LV (LVA) 

fig. c : Leaf section of LV treated with antisera of Alteraria a/ternata (AlA) 

fig. d : Leaf section ofNRS 69-1 treated with antisera ofNRS 69-1 (NRSA) 

fig. e: Leaf section NRS 69-1 treated with the antisera of A. a/ternata (AlA) 

fig. f : Leaf section treated with normal sera 
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4.5. Studies on defense related enzymes 

When plants are infected by pathogens, they initiate various defense 

reactions such as the production of phytoalexines, antimicrobial proteins, reactive 

oxygen species etc. These reactions do not allow the infection to proceed, if the 

reaction occurs in a timely manner. However, if the defense reaction occur too 

late or are suppressed, the infection process will proceed successfully (Somssich 

and Hahlbrock, 1998). Hence, it is important for plants to detect infecting 

pathogens effectively and deliver such information intracellularly I intercellularly to 

activate their defense machinery (Shibuya and Minami, 2001 ). To provide 

protection against pathogens certain biotic and abiotic inducers have been 

applied exogenously by several workers. In the last two decades extensive 

research work has been performed for management of diseases in plants by 

application of a variety of biotic and abiotic inducers. 

During the course of the present study, most susceptible niger variety 

(LV) among the six varieties of niger, was induced for resistance against A. 

a/ternata by the application of different chemical inducers and botanicals. Details 

of the application procedures of different inducers have been discussed in the 

materials and methods (Section 3.15). Salicylic acid (SA) acts as an endogenous 

signal in the induction of systemic acquired resistance (SAR) (Gaffney et a/., 

1993) and produces pathogenesis-related proteins (PRs) like peroxidase (PR-9) 

along with chitinase (PR-3) and 13-1 ,3-glucanase (PR-2). Other than these the 

enzymes mentioned above polyphenol oxidase (PPO) and phenyl alanine 

ammonia lyase (PAL) were also studied following inducer treatments. 

Niger plants were grouped into four different categories on the basis of 

treatment by inducers and inoculation by the pathogen. Four groups of plants 

were 'treated-inoculated', 'treated-uninoculated', 'untreated-inoculated' and 

'untreated-uninoculated'. 

Most of the defense related enzymes have several isozymes. Some 

isozymes are present constitutively while some other isozymes are known to be 

inducible. Inducible isozymes are of great importance in the study of induced 

resistance in plants as they are indicators of resistance induction. In the present 

study, it was considered worthwhile to find inducible isozymes, if any, of three 

different enzymes such as polyphenol oxidase, 13-1, 3-glucanase and peroxidase. 

The detailed procedures of total soluble protein separation by polyacrylamide gel 

electrophoresis and respective enzyme specific staining techniques have been 

discussed in materials and methods (Section 3.17, 3.18 respectively). 
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4.5.1. Peroxidase (PO) 

The role of the defense enzyme (peroxidase) was studied in niger plants 

following application of some chemical and botanical inducers. Peroxidase is a 

stress related defense enzyme, induced in plants under various environmental 

changes such as heavy metals, salts, temperature (Kiwan and Lee, 2003), air 

pollution, (Lee eta/., 2000) and pathogen infection. In the present study, role of 

peroxidases in defense reaction have been studied to find out a suitable inducer, 

if any, for control of the disease caused by A. Alternata in niger plants. The 

detailed procedures of enzyme extraction and assay have been discussed in 

materials and methods (Sections 3.16.1 ). 

4.5.1.1. Peroxidase activity with chemical and botanical inducers 

2-Amino butyric acid (2-ABA), 2,1 ,3-Benzothiodiazole (BTH), 2,3-

Dihydroxybenzoic acid (DHB) and Salicylic acid (SA) were used as chemical 

inducers and aquous leaf extract of Acalypha indica, Catharanthus roseus were 

used as botanical inducers to induce resistance in susceptible niger plants (LV). 

Peroxidase activity was studied after induction and/or inoculation of niger plants. 

From the results (Table 4.15 Fig. 4.13) it was observed that 2-Amino 

butyric acid is the best inducer of peroxidase activity which was increased 

approximately 9 fold on the second day after inoculation with A. a/ternata. 

Untreated plants that were inoculated with A. a/ternata showed only marginal 

increase in enzyme activity. SA, 8TH treated plants showed almost similar 

increase in enzyme levels which increased further after inoculation. DHB induced 

lowest peroxidase activity in case of both treated-uninoculated and treated

inoculated plants. Untreated-uninoculated control plants showed no change in 

peroxidase level. 

From the results (Table 4.15 Fig. 4.14) it was also found that plants 

treated with Acalypha indica leaf extract and challenge-inoculated by A. alternata 

showed maximum increase in peroxidase level. Catharanthus roseus leaf extract 

induced plants showed less peroxidase activity than Acalypha indica leaf extract. 

Both A. indica and C. roseus showed very good PO activity. Activity gradually 

increased and reached a peak on the 4th day with approximately 8 fold increase 

in comparison to control. Challenge inoculated plants showed higher enzyme 

activity than uninoculated but treated plants. 
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Table: 4.15. Peroxidase activity of Niger plants (LV) pre-treated with chemical 
and botanical inducers followed by challenged inoculation of 
Alternaria alternata 

Treatment Peroxidase activity [.ll.2•o min"1 g·1 fresh weight tissue] 
1 unit= 0.001absorbence 
Incubation periods [da~s] 

Od 2d 4d 6d 

Control 50±1.26 50±1.22 50±1.15 50±1.24 

Alternaria a/ternata 50±1.32 100±2.61 150±2.33 50±2.23 

2-Amino butyric acid 
50±1.12 450±2.22 200±3.24 150±2.25 

(2-ABA) 
2-Amino butyric acid+ 

50±1.17 500±2.53 300±2.21 250±1.13 
A. a/ternata 
2,1 ,3-Benzothiodiazole 

50±1.24 150±3.61 200±2.26 100±1.26 
(BTH) 
2,1 ,3-Benzothiodiazole 

50±1.36 200±3.26 300±1.15 100±1.65 
+ A. alternata 
2,3-Dihydroxybenzoic 

50±1.15 150±3.22 200±1.26 150±2.65 
acid (DHB) 
2,3-Dihydroxybenzoic 

50±1.25 200±1.17 250±3.33 150±2.85 
acid + A. alternata 

Salicylic acid (SA) 50±1.13 200±2.45 250±3.65 200±2.71 

Salicylic acid + 
50±1.33 250±2.36 300±3.22 200±2.65 

A. a/ternata 

Acalypha indica 50±1.26 150±3.26 200±2.21 150±2.43 

Acalypha indica + 
50±1.38 200±4.12 450±2.32 300±2.21 

A. a/ternata 

Catharanthus roseus 50±1.22 150±2.10 200±2.56 100±3.10 

Catharanthus roseus + 
50±1.34 200±2.44 400±3.18 250±2.61 

A. alternata 
Data is the mean of three replicates; Data after± indicates standard error values. 

4.5.1.2. Study of peroxidase isoform patterns 

The peroxidase isozyme analysis was performed following procedures as 

described in materials and methods (Section 3.18.1 ). Among the tested abiotic 

inducers, 2-ABA was found to be the most effective than others as evident from 

Fig. 4.13. Hence, peroxidase isoform patterns were studied in susceptible niger 

plants (LV) treated with 2-ABA. After 2 days, in case of 2-ABA treated plants 

three major bands (approximate Rf 0.70, 0.72 and 0.75) were observed (Plate 

4.6, lane 3 & 4). lsozymes were less intense in control (Untreated-Uninoculated) 
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Fig. 4.13: Peroxidase activity in inoculated and treated inoculated niger 
plant (LV). 

A: Treated with 2-Amino butyric acid (2-ABA) 
B: Treated with 2,1 ,3-Benzothiodiazole (BTH) 
C: Treated with 2,3-Dihydroxybenzoic acid (DHB) 
D: Treated with Salicylic acid (SA) 
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and treated-uninoculated set. Two particular bands with approximately Rf 0. 70 

and Rf 0.75 showed maximum intensity in the treated-inoculated leaf samples 

(Plate 4.6: Lane 4). The peroxidase isozymes induced by pathogen infection 

appeared to be different from that induced following treatment with 2-ABA and 

then challenge-inoculated with pathogen. 

4.5.2. Polyphenoloxidase (PPO) 

Polyphenol oxidase (PPO) is a copper-containing defense related enzyme 

and it is related to phenyl-propanoid pathway. PPO uses molecular oxygen to 

oxidize o-diphenols to o-quinones (diphenolase activity), which has inhibitory 

activity against phytopathogenic microorganisms (wang and Peter, 2004 

Mahadevan and Sridhar, 1996). It has been reported that PPO activity can be 

significantly increased by exogenous application of SA (Meena et a/., 2001) and 

by application of different elicitors (Nandeeshkumar eta/. 2008). 

4 .5.2.1. Polyphenol oxidase activity with chemical and botanical inducers 

Four different chemical inducers (2-ABA, BTH, DHB, and SA) have been 

used for induction of PPO in susceptible niger plants (LV). The detailed 

procedure of application has been discussed in materials and methods (Section 

3.15). Enzyme activity was measured after 2, 4, 6, days after treatment and 

results were recorded. Methods of measuring the enzyme activity have been 

discussed in materials and methods (Section 3.16.2). 

It was evident from the results presented in Table 4.16, Fig. 4.15 & Fig. 

4.16 that activity of PPO increased to high Javel when treated with 2,3-

Dihydroxybenzoic acid (DHB) and was challenge inoculated by A.alternata. The 

uninoculated but treated plants showed a low increase in enzyme activity which 

was less than the activity showed by inoculated but untreated plants. Control set 

showed no significant change in PPO activity. Two different aqueous leaf extracts 

(Acalypha indica, and Catharanthus roseus) were used to induce PPO activity in 

niger plants. The detailed procedures of application of phyla-extracts in order to 

induce PPO in niger plants have been discussed in materials and methods 

(Section 3.15). 

Results (Table 4.16 & Fig 4.15 & 4.16) revealed that when plants treated 

with the phytoextract of C. roseus and were challenged inoculated with A. 

a/ternata, showed a significant increase in PPO activity than the treated

uninoculated and untreated-inoculated plants. It was observed that the enzyme 



Lane -1 Lane- 2 Lane- 3 Lane- 4 

R, 0.70 
R,0.72 
R, 0.75 

Peroxidase isoform patterns studied on susceptible niger variety (LV} treated 
with chemical inducer 2-ABA followed by inoculation with A. Alternata. 

Lane-1 : Untreated- uninoculated (Control) 

Lane-2: Untreated and inoculated (with A.alternata) 

Lane-3: Treated (with 2-ABA ) uninoculated 

Lane-4: Treated (with 2-ABA) and inoculated (with A. alternata) 
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activity in this case was higer then the 2,3-Dihydroxybenzoic acid (DHB) treated 

inoculated plants. 

Table: 4.16. Polyphenol oxidaseactivity of Niger plants (LV) pre-treated with •. 
chemical and botanical inducers followed by challenge-inoculation 
of Alternaria alternata 

PPO activity = K x (M min"1
) JllllOI min·' g·' fresh 

weight tissue 

Treatment 
(K= 0.272 for pol~phenol oxidase) 

Incubation periods [da~s] 
Od 2d 4d 6d 

Control 0.03±0.01 0. 03±0.02 0.03±0.02 0.03±0.00 

Alternaria alternata 0.03±0.02 0.06±0.03 0.09±0.03 0.04±0.04 

2-Amino butyric acid 0.03±0.02 0.12±0.03 0.34±0.04 0.26±0.03 
(2-ABA) 
2-Amino butyric acid+ 

0.03±0.01 0.28±0.04 0.44±0.01 0.29±0.02 
A. altern ala 
2,1 ,3-Benzothiodiazole 0.03±0.01 0.24±0.02 0.41±0.02 0.26±0.02 
(BTH) 
2,1 ,3-Benzothiodiazole 0.03±0.00 0.29±0.05 0.60±0.03 0.50±0.01 
+ A. altern ala 
2,3-Dihydroxybenzoic 

0.03±0.03 0.32±0.02 0.46±0.05 0.42±0.03 
acid (DHB) 
2,3-Dihydroxybenzoic 0.03±0.02 0.06±0.03 1.10±0.02 0.95±0.03 
acid + A. alternata 

Salicylic acid (SA) 0.03±0.01 0.26±0.01 0.50±0.03 0.42±0.04 

Salicylic acid + 
0.03±0.02 0.37±0.05 0.65±0.03 0.54±0.05 

A. alternata 

Acalypha indica 0.03±0.02 0.25±0.04 0.58±0.05 0.45±0.03 

Acalypha indica + 0.03±0.01 0.37±0.02 0.80±0.04 0.75±0.03 
A. alternata 

Catharanthus roseus 0.03±0.01 0.27±0.06 0.58±0.03 0.46±0.02 

Catharanthus roseus + 0.03±0.03 0.59±0.02 1.18±0.04 1.76±0.02 
A. alternata 

Data is the mean of three replicates. 
Data after± indicates standard error values. 
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Fig. 4.15: Polyphenol oxidase activity in inoculated and treated inoculated 
niger plant (LV). 

A: Treated with 2-Amino butyric acid (2-ABA} 
B: Treated with 2,1 ,3-Benzothiodiazole (BTH} 
C: Treated with 2,3-Dihydroxybenzoic acid (DHB) 
0: Treated with Salicylic acid (SA) 
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Lane -1 Lane- 2 

PLATE 4.7 

Lane- 3 Lane -4 

R, 0.75 
R, 0.78 
R, 0.80 

Polyphenoloxidase isoform pattern studied on susceptible niger variety (LV) 
after different treatments. 

Lane-1: Untreated- inoculated 

Lane-2: Treated (with leaf extract of C. roseus)-uninoculated 

Lane-3:Treated (with C. roesus)-inoculated (withA.Aiternata) 

Lane-4: Untreated-uninoculated (Control) 
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the increase was much less in comparison to treated-inoculated sets. In control 

sets no significant increase in enzyme activity was found. 

Induction of 13-1 ,3-glucanase activity was also studied following 

exogenous application of botanical inducers (leaf extracts of Acalypha indica, and 

C. roseus ) in niger plants (LV) following methods as described in materials and 

methods (Section 3.15.2). 

From the results (Table 4.17 & Fig.4.18) it was found that plants treated 

with C. roseus leaf extract and challenge-inoculated by A.alternata showed 

maximum increase in 13-1 ,3-glucanase activity after second day of treatment and 

thereafter it declined. Leaf extracts of Acalypha indica showed increase in 

enzyme activity like SA treated plants but it reached the peak much earlier than 

the SA !rea treated plants. Control plants did not show any significant change in 

enzyme levels during the experiment. 

4_5.3.2. Study of P-1, 3-glucanase isoform patterns 

Study of 13-1 ,3-glucanase isozymes were carried out in susceptible niger 

plants (variety LV) following pre-treatment (separately with Catharanthus roseus 

leaf extract or SA} and then inoculated (by A. Alternata). Procedure of total 

soluble protein separation by PAGE and 13-1 ,3-glucanase enzyme specific 

staining technique have been discussed in materials and methods (Section 3.17 

& 3.18.3 respectively). Separation of 13-1, 3-glucanase isozymes in 

polyacrylamide gels are shown in Plate 4.8. Expression of 13-1 ,3-glucanase 

isozymes were observed with different colour intensity of the bands that varied 

with the treatments (Plate 4.8, lane 1-3). Two isozyme bands were visible with 

the Rr value of 0.08 and 0.13 in each treatment except control. The Rr- 0.13 band 

was found highly induced when treated with C. roseus and inoculated with A. 

alternata. In untreated-uninoculated (control) the band (of Rr value of 0.13) was 

very faint (Plate 4.8,Lane 4). In case of untreated-inoculated plants, the two 

bands were present but with much less intensity (Photograph not shown). 
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Table: 4.17. 13-1,3 glucanase activity of Niger plants (LV) pre-treated with 
chemical and botanical inducers followed by challenge-inoculation 
by Alternaria alternata 

13-1,3-glucanase activity 

Treatment 
(nmol min-1mg-1 fresh weight tissue) 

Incubation ~eriod [day:s] 
0 2 4 6 

Control 0.9±0.11 0.9±0.12 0.9±0.15 0.9±0.13 

Alternaria alternata 0.9±0.15 1.4±0.14 1.9±0.23 1.0±0.10 

2-Amino butyric acid 0.9±0.12 2.6±0.24 2.9±0.22 2.2±0.26 (2-ABA} 
2-Amino butyric acid+ 0.9±0.16 2.91±0.22 4.81±0.36 4.1±0.21 
A.alternata 
2,1 ,3-Benzothiodiazole 0.9±0.12 3.2±0.15 6.9±0.32 5.0±0.31 
(8TH) 
2,1 ,3-Benzothiodiazole 0.9±0.10 4.2±0.12 9.1±0.24 5.8±0.36 
+ A. alternata 
2,3-Dihydroxybenzoic 0.9±0.14 2.1±0.21 5.8±0.16 4.5±0.15 
acid (DHB) 
2 ,3-Dihydroxybenzoic 0.9±0.16 3.0±0.26 7.1±0.20 5.8±0.10 
acid + A. altern at a 

Salicylic acid (SA) 0.9±0.15 6.1±0.36 11.7±0.21 7.4±0.25 

Salicylic acid + 
0.9±0.13 8.1±0.45 14.4±0.12 13.1±0.21 

A. alternata 

Acalypha indica 0.9±0.12 11.5±0.22 8.7±0.33 8.1±0.32 

Acalypha indica + 0.9±0.10 15.4±0.24 10.3±0.25 8.7±0.36 
A. alternata 

Catharanthus roseus 0.9±0.14 12.8±0.17 8.0±0.31 8.0±0.16 

Catharanthus roseus + 
0.9±0.15 24.4±-0.25 10.3±0.45 8.7±0.36 

A.alternata 

Data is the mean of three replicates 
Data after± indicates standard error values. 

4.5.4. Chitinase 

Chitinase is one of the most important enzyme in plant defense system because 

it is a glycosyl hydrolase which catalyzes the degradation of chitin, the major 

component of the cell wall of plant pathogens. This enzyme is released in plant 

during pathogen infection so it also belongs to Pathogenesis-related protein 

family. In the present study, chitinase activity and isozyme pattern of chitinase 

were performed. 



"' ~ 
"' 
~ 
~ 
.!!!' 

"' .~ ~ 
> .J:. 
·;:; "' u ~ 
"' "' "' -: E c: 
~ ·e 
c: -: 
w 

"" "' "' 0 
u 
2 

"" "" .§. 

"' ~ 
"' "' 
~ 
.!!!' 
"' .~ ~ 

.J:. > 
"' ·;:; 

u "' ~ 
"' -"' -: 
E .E 
> E ... 
c: -: 
w "" "' "' 0 

u 
~ 

"" "" .§. 

Fig. 

-+- Control Control 
- ,_ A .alternata - ,_ A .alternata 
--- 2-ABA 
-liE- 2-ABA+A.alternata --BTH 

-liE- BTH+A.alternata 

25 25 "' ~ 
"' "' ·;:; 

20 ~ 
.!!!' 20 

"' ~ ~ 

·~ 
.J:. 

15 J 15 - "' u ~ "' "' -: E .E 
> E 10 ... 
c: -: 10 w 

"" "' "' 0 

5 " u 

K~ 
2 5 
"" 
"" E 

0 K 

Od 2d 4d 6 d 
0 + 

Od 2d 4d 6d 
Incubation period (days) 

~ Incubation Period [days] ~ 
-+-Control 

-+- Control 
- - A.alternata 

~ ,_ A .alternata 

-- oHB ---+- Salicylic Ac id 
-liE- DHB+A.alternata -liE- SA+A.alternata 

25 

I 25 

"' ~ 
"' 20 

20 ~ "' ·;:; 
.J:. 

> "' .t: ~ 
> - 1 5 

15 ·;: ..... 
u 
~ .~ 

"' E E .... 
> .. 

10 l 10 - ... 
c: 

"' w 
"' 0 

.~ 
u 
2 

5 J 5 - "" "" .§. 

0 l 0 

Od 2d 4d Gd Od 2d 4d 6 d 

Incubation Per iod (days) [g Incubation Period (d a ys) [Q] 
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p - 1,3 glucanase isoform pattern studied on susceptible niger variety (LV) 
treated with leaf extract of Catharanthus roseus following inoculation with 
A.alternata. 

Lane- 1: Treated with C.roesus and inoculated with A.alternata 

Lane- 2: Treated with SA and inoculated with A.alternata 

Lane-3: Treated with Botanical inducer Catharanthus roseus and inoculated with 
A.alternata 

Lane- 4: Untreated- uninoculated (Control ) 



102 

4.5.4.1. Chitinase activity with chemical and botanical inducers 

Four different chemical inducers (2-ABA, BTH, DHB and SA) were used to 

induce defense response in niger plants (LV). Different level of chitinase activity 

was observed in different treatments. The detailed procedure of inducer 

application has been discussed in materials and methods (Section 3.15.2) and 

the procedure of determining enzyme activity has been discussed in materials 

and methods (Section 3.16.5). 

Results (Table 4.18 & Fig.4.19) indicated that among chemical inducers 

BTH treated plants showed maximum chitinase activity on fourth day following 

challenge inoculation with A.alternata. Challenge inoculated plants showed 

higher activity than uninoculated plants. 2-ABA also induced enzyme activity in 

niger plants. DHB and SA induced more or less similar chitinase activity. In all 

cases enzyme activity was found to be highest on the fourth day in the treated 

plants, however, after fourth day it declined. In untreated-inoculated plants 

chitinase activity increased marginally. 

Like chemical inducers plants were also treated with two botanical 

inducers (Achalypha indica and Catharanthus roseus). From the results (Table 

4.18 & Fig 4.20) it was clear that plants treated (with leaf extract of C. roseus) 

and challenge-inoculated (with A.alternata) showed maximum increase in 

chitinase activity. Leaf extract of A.indica also induced enzyme activitybut but 

much less than C. roseus. In control (Untreated-uninoculated) no significant 

changes in enzyme activity was observed. 

4.5.4.2. Study of Chitinase isoform patterns 

Study of chitinase isozymes were carried out in two different methods 

(method 1 & method 2 as mentioned in section 3.18.4). Procedure of protein 

separation by PAGE has been discussed in materials and methods (Section 

3.17). Susceptible niger plants (variety-LV) were pre-treated, separately, with 

three different inducers (BTH, DHB and SA) and two leaf extracts (C. roseus and 

A. indica) and then challenge-inoculated by A.a/ternata. 

Separation of Chitinase isozymes in polyacrylamide gels treated with 

glycol chitin and fluorescent brightner shown in Plate 4.9. Expression of chitinase 

isozymes were observed with the fluorescent intensity of the bands that varied 

with the treatments. Alternatively, in Plate-4.1 0 expression of the enzyme activity 

have been shown as dark black bands. 
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Table: 4.18. Chitinase activity of Niger plants (LV) pre-treated with chemical and 
botanical inducers followed by challenge-inoculation by Alternaria 
alternata 

Chitinase activity 

Treatment (IJmol GlcNAc min-1 g·1 fresh tissues) 

Incubation period [days] 
0 2 4 6 

Control 0.8±0.15 0.8±0.12 0.8±0.14 0.8±0.14 

Alternaria alternata 0.8±0.12 1.4±0.15 1.9±0.26 1.6±0.25 

2-Amino butyric acid 
0.8±0.15 2.8±0.15 4.9±0.34 3.1±0.16 

(2-ABA) 
2-Amino butyric acid+ 

0.8±0.14 4.8±0.21 6.4±0.22 5.2±0.54 
A. alternata 
2,1 ,3-Benzothiodiazole (BTH) 0.8±0.12 2.7±0.36 5.2±0.45 5.0±0.39 
2,1 ,3-Benzothiodiazole + 

0.8±0.12 3.6±0.0.21 7.0±0.36 7.0±0.32 
A.alternata 
2,3-Dihydroxybenzoic acid 

0.8±0.15 2.0±0.31 3.1±0.32 2.9±0.37 
(DHB) 
2,3-Dihydroxybenzoic acid + 

0.8±0.13 2.2±0.21 5.0±0.62 5.0±0.26 
A. alternata 

Salicylic acid (SA) 0.8±0.14 3.1±0.10 4.2±0.51 3.6±0.22 

Salicylic acid + A. alternata 0.8±0.15 3.6±0.15 6.0±0.12 5.2±0.44 

Acalypha indica 0.8±0.12 2.8±0.23 3.6±0.16 3.1±0.56 

Acalypha indica + A. alternata 0.8±0.14 3.9±0.45 4.2±0.26 4.0±0.42 

Catharanthus roseus 0.8±0.14 4.1±0.32 6.0±0.39 5.8±0.17 

Catharanthus roseus + 0.8±0.12 5.5±0.62 9.9±0.65 8.4±0.23 
A. alternata 

Data are mean of three replications 

Data after± indicate standard error values. 

One chitinase isozyme band was visible at R1 of 0.62 in each treatment 

but the intensity of the fluorescent bands were different in different treatments 

(Plate 4.9). Different treatments were treated with SA & inoculated (lane 3), 

treated with BTH & inoculated (lane 4) and treated with leaf extract of C. roseus & 

inoculated (lane 5). Catharanthus roseus treated and challenge-inoculated (with 

A.alternata) niger plants showed maximum lytic activity of chitinase as compared 

to other treatments (Plate 4.9). Similar results were also observed in alternative 
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Fig. 4.1 9: Chitinase activity in inoculated and treated inoculated niger 
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A : Treated with 2-Amino butyric acid (2-ABA) 
B: Treated with 2,1,3-Benzothiodiazole (BTH) 
C: Treated with 2,3-Dihydroxybenzoic acid (DHB) 
D: Treated with Salicylic acid (SA) 
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Rr0.62 

PLATE4.9 

Chitinase isoform pattern studied on polyacrylamide gel (PAGE) and treated 
with glycol chitin as a substrate and fluorescent brightener used for the 
resolution of lytic zones (Fiurescent bands). 

Lane-1: Untreated- uninoculated (Control) 

Lane- 2: Untreated- inoculated with A. alternata 

Lane- 3: Treated with SA and inoculated with A.alternata 

Lane-4: Treated with BTH and inoculated with A.alternata 

Lane-5:Treated with Botanical inducer Catharanthus roseus and inoculated with 
A.alternata 
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method (method 2) where bands were black coloured and intense bands 

indicated more activity than the less intense bands (Plate 4.10 & 4.11). In plate-

4.11 untreated-uninoculated (control) in lane 1 showed faint band but in the 

inducer treated-inoculated plants, enzyme activity were found more as observed 

in the form of intense bands (Lane 2, Lane 3 and Lane 4). 

4.5.5. Phenylalanin ammonia layase (PAL) 

Phenyl alanine ammonia layase (PAL) is responsible for the conversion 

of L- phenylealaline to trans-cinnamic acid through phenyl propanoid pathway. 

Cinnamic acid serves as a precursor for the biosynthesis of coumarins, 

isoflavonoids and liglin. These compounds play an important role in disease 

resistance mechanism. Changes in PAL activity in fungal, viral and bacterial 

infections of plants was reported by Mahadevan and Manickam, 1996). PAL 

activity washas also been reported to increase by exogenous application of 

Benzothiadiazole (Gerlach et a/., 1996), SABA (Newton et a/., 1997) and 

aqueous leaf extract of Azadirachta indica (Paul and Sharma, 2002). 

4.5.5.1. PAL activity with chemical and botanical inducers 

In the present study, different chemical inducers (2-ABA, BTH, DHB and 

Salicylic acid) and two leaf extracts (Acalypha indica and Catharanthus roseus ) 

were used to study PAL activity in susceptible niger variety (LV). Fresh young 

plants were used for induction of PAL. A corresponding control set was also 

maintained for each treatment. The detailed procedure of application of chemical 

and botanical inducers has been discussed in materials and methods (Section 

3.15.2) and the procedure of enzyme assay has been discussed in Section 

3.16.4. 

About seven fold increase in PAL activity was observed after 4th day in 

BTH treated plants that were challenge-inoculated with A.alternata. Maximum 

induction of PAL was observed in Acalypha indica treated plants followed by 

inoculation with A.a/temata. While 2-ABA treated plants showed only marginal 

increase (Table 4.19, Fig 4.21& 4.22). Treated plants recorded higher enzyme 

activity than treated-uninoculated plants. SA, DHB and Catharanthus roseus 

treated plant followed by challenged-inoculated with A.afternata showed 

significant increase in enzyme activity in comparison to 2-ABA treated plants. 



PLATE 4.10 

Chitinase isoform pattern studied on agar plate polyacrylamide gel (PAGE) assay 
where agar plate were treated with glycol chitin as a substrate and fluorescent 
brightener used for the resolution of lytic zones (black bands) 



Lane -1 Lane- 2 Lane- 3 Lane- 4 

PLATE 4.11 

Chitinase isoform pattern studied on agar plate polyacrylamide gel (PAGE) 
where agar plate were treated with glycol chitin as a substrate and 
fluorescent brightener used for the resolution of lytic zones (black bands). 

Lane-1 : Untreated- uninoculated (Control) 

Lane- 2 : Treated with SA and inoculated with A.alternata 

Lane- 3 : Treated with BTH and inoculated with A.alternata 

Lane -4:Treated with Botanical inducer Catharanthus ro seus and 
inoculated with A.alternata 
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PAL activity increased gradually until 4th day in all treatments following 

challenge-inoculation by A.alternata and then declined. No change in activity was 

recorded in the untreated-uninoculated control plants. PAL activity was also 

observed in case of untreated-inoculated plants. 

Table: 4.19. PAL activitiy of Niger plants (LV) pre-treated with chemical and 
botanical inducers followed by challenge-inoculation by Alternaria 
alternata 

PAL activity 
(IJmol min-1 g·1 fresh tissues) 

Treatment Incubation period [days] 
0 2 4 6 

Control 0.37±0.01 0.37±0.01 0.37±0.02 0.37±0.01 

Alternaria alternata 0.37±0.01 0.65±0.02 0.92±0.01 0.60±0.03 

2-Amino butyric acid 0.37±0.00 1.00±0.02 1.43±0.03 1.22±0.02 
(2-ABA) 
2-Amino butyric acid+ 0.37±0.02 1.27±0.03 1.64±0.03 1.42±0.02 
A.altemata 
2,1 ,3-Benzothiodiazole 

0.37±0.00 1.20±0.01 1.50±0.02 1.32±0.01 
(8TH) 
2,1 ,3-Benzothiodiazole + 0.37±0.00 1.69±0.01 2.8±0.02 2.40±0.03 
A.altemata 
2,3-Dihydroxybenzoic 0.37±0.01 1.30±0.04 1.58±0.04 1.40±0.04 
acid (DHB) 
2,3-Dihydroxybenzoic 

0.37±0.01 1.67±0.03 1.80±0.03 1.60±0.02 
acid + A. alternata 

Salicylic acid (SA) 0.37±0.02 1.00±0.03 1.55±0.05 1.23±0.02 

Salicylic acid + 0.37±0.00 1.72±0.01 1.8±0.04 1.70±0.04 
A. alternata 

Acalypha indica 0.37±0.01 1.69±0.04 1.7±0.01 1.65±0.05 

Acalypha indica + 
0.37±0.01 1.78±0.02 4.85±0.02 4.10±0.03 

A.alternata 

Catharanthus roseus 0.37±0.01 1.12±0.02 1.46±0.01 1.40±0.02 

Catharanthus roseus + 0.37±0.02 1.70±0.01 1.90±0.03 1.80±0.03 
A.alternata 

Data is the mean of three replicates. 
Data after ± indicates standard error values. 
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Fig. 4.21: Phenylalanine ammonia lyase activity in inoculated and treated 
inoculated niger plant (LV). 

A: Treated with 2-Amino butyric acid (2-ABA) 
B: Treated with 2, 1 ,3-Benzothiodiazole (BTH) 
C: Treated with 2,3-Dihydroxybenzoic acid (DHB) 
0 : Treated with Salicylic acid (SA) 
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A: Treated with Acalipha indica 
B: Treated with Catharanthus roseus. 
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4.6 Foliar application of chemical and botanical inducers, for controlling 
leaf blight disease caused by A.a/ternata in niger plants 

Susceptible niger plants (variety LV) were treated with several chemical 

and botanical inducers separately and challenge-inoculated by A.alternata. In 

control set, sterile distilled water was sprayed instead of inducer. Mean foliar 

disease index I plant were calculated after 2, 4, 6 and 8 days of inoculation 

following the method as described by Sinha and Das (1972). Procedures of 

inducer application, foliar inoculation technique and assessment of disease have 

been discussed in materials and methods (Section 3.15.2, 3.5 & 3.6 

respectively). The results were noted in Table 4.20. 

Table: 4.20. Disease incidence following application of chemical and botanical 
inducers in susceptible niger variety (LV) against A. alternata. 

Mean foliar disease index/plant* 
Treatments 

2d 4d 6d 

Alternaria alternata 2.81±0.10 4.66±0.08 8.49±05 

Catharanthus rose us + A. alternata 0.94±0.04 1.10±0.50 1.13±0.08 

2-Amino butyric acid 0.98±0.06 1.22±0.16 1.24±0.09 
(2-ABA) + A.alternata 
2,1,3-Benzothiodiazole(BTH) + 1.06±0.07 1.36±0.10 1.38±0.14 
A. alternata 

Acalypha indica + A. a/ternata 1.12±0.09 1.37±0.06 1.40±0.16 

Salicylic acid (SA) + A. alternata 1.13±0.08 1.39±0.09 1.40±0.10 

2,3-Dihydroxybenzoic acid (DHB) 1.25±0.06 1.43±0.11 1.46±0.06 
+ A. a/ternata 

CD at 5% 1.16 0.41 0.12 

*Mean of three replicates; Data after± indicates standard error values 

From the results (Table 4.20) it was evident that all the six inducers (both 

chemical and botanical) when applied, showed significant reduction in mean foliar 

disease index/plant. It may be noted here that none of the tested leaf extracts 

showed antifungal activity towards A.a/ternata when tested in vitro. Niger plants 

treated with Catharanthus roseus aqueous leaf extracts showed maximum 

control of the disease with mean foliar disease index of only 1.13 followed by 2-

ABA with mean foliar disease index of 1.24 after 16 days of inoculation. BTH and 

A.indica treated plants also showed significant reduction in disease index in 
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comparison to untreated-inoculated (control), where mean foliar disease index 

was found to be 8.49 after 16 days. 

4.7. Evaluation of some biocontrol agents for controlling A. alternata 

Microbial biocontrol agents are eco-friendly alternative to hazardous 

fungicides used in agriculture (Bucki et a/., 1998; Meena et a/., 2000; 

Ramamoorthy and Samiyappan, 2001; Jadeja, 2003 and Perello eta/., 2006). 

Several microorganisms have been identified that can be utilized as antagonists 

to fungal pathogens. Two genera (one fungus viz. Trichoderma and one bacteria 

viz. Bacillus) have been used in the present study for evaluation of their efficacy 

against the niger leaf blight disease caused by A. alternata. 

Four Trichoderma strains [Trichoderma viride, T. harzianum, T. virens 

(lsolate-1) and T. virens (lsolate-11)], one fungus isolated from rubber rhizopher 

(Aspergillus flavus) and two different isolates of bacteria Bacillus subtilis (lsolate-

1) and Bacillus subtilis (lsolate-11) were used in the present study. In dual culture 

technique (as mentioned in Section 3.19.1) radial growth and percent inhibition 

over control were calculated after 4 days of inoculation. The results (Table 4.21 

and Fig.-4.23 and Plate-4.12) clearly indicated that Aspergillus f/avus was the 

best biocontro\ agent and showed maximum (95%) inhibition but Bacillus subtilis 

(isolates \) showed minimum (45.2%) inhibition among the fungal antagonists 

tested. 

Table: 4.21. Effect of antagonist on the growth of A.alternata tested in vitro by 
dual culture technique. 

Colony diameter (mm) of A. Percent 
Antagonists a/ternata in PDA ••• after 4 inhibition over 

days of incubation* control** 

Trichoderma viride 23.4±1.15 70.9±1.31 

T. harzianum 20.0±1.59 75.1±1.18 

T. virens (Isolate I) 22.5±1.14 72.0±1.49 

T. virens (Isolate II) 27.5±0.47 65.8±1.1 0 

Aspergillus flavus (Af) 6.8±0.89 95.0±0.85 

Bacillus subtilis (Isolate \) 44.1±1.36 45.2±1.65 

Bacillus subtilis {Isolate II) 15.6±0.86 80.6±1.34 

CD at 5% 2.61 3.16 

*Control diameter= 80.5 mm; •• Mean of three replications; ***PDA: extract= 9:1. 



Growth of T.viride • Growth of A.alternata Growth of T.harzianum • Growth of A.altemota 
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Fig. 4.23 Effect of antagonist on the growth of Alternaria alternata 



Control of Alternaria alternata by fungal antagonists 

fig . a: Culture of Control plate (Alternaria alternata) 

fig . b :Dual cu lture of Trichoderma harzianum and Alternaria alternata 

fig . c : Dual culture of Trichoderma Viride and Alternaria alternata 

fig. d : Dual culture of Trichoderma virens (lsolate-l)and Alternari alternata 

fig. e: Dual culture of Trichoderma virens (lsolate-11 ) and Alternaria alternata 

fig. f : Dual culture of Aspergillus flavous and Alternaria alternata 

fig . g :Dual culture of Bacillus subtilis (lsolate-1) and Alternaria altemata 

fig . h: Dual culture of Bacillus subtilis (lsolate-11) and Alternaria alternata 
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For this, the pathogen was allowed to grow in PDA mixed with culture 

filtrates (9: 1) as described under materials and methods (Section 3.19.2). Radial 

growth of the test fungi were measured after 4 days of inoculation. Percent 

inhibitions with respect to control were calculated in each case and the results 

were tabulated in Table 4.22. From results it was observed that culture filtrate of 

five antagonists, (viz. T. viride, T. harzianum, T. virens (lsolate-1) T. virens 

(Isolate-H) and A.flavus) completely inhibited the growth of the pathogen 

A. a/ternata. 

Table: 4.22. In vitro effect of crude culture filtrates of fungal antagonists on the 
growth of A. a/ternata. 

Radial growth (mm)* 
Percent 

Antagonists 
of A. alternata in culture inhibition over 

filtrate supplemented PDA*** 
after 4 days of inoculation 

control** 

Trichoderma viride 0 100 

Aspergillus flavus (Af) 0 100 

T. harzianum 0 100 

T. virens (Isolate I) 0 100 

T. virens (Isolate II) 0 100 

* Mean of three replications. Data after± represent standard error values. 

**Control diameter= 9.0 em after 10 days of inoculation. 
*** PDA : Culture filtrate= 9:1. 

4.7.2. In vivo effect of crude culture filtrate of fungal antagonists 

Antagonistic activity of culture filtrates of T. viride, T. harzianum, T. 

virens (lsolate-1) and T. virens (lsolate-11) against A. a/ternata were tested in 

susceptible variety of niger plants (LV). The plants were sprayed with crude 

culture filtrates containing spores of the antagonists. In each experimental 

set ten plants were kept. The plants in each set were inoculated with A. 

a/ternata following the technique as described in materials and methods 

(Section 3.5.). The whole experiment was performed in triplicate. Mean 

disease index I plant was calculated after 2, 4, and 6 days of inoculation 

following the procedure as described by Sinha and Das (1972) and was 

tabulated in Table 4.23 and graphically represented in Fig.4.24. From the 

results it was clear that crude culture filtrate of Aspergillus flavus showed 
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Fig. 4.24 Graphical representation of control of Leaf blight disease of niger 

(LV variety) caused by A. alternaria by foliar treatment of crude culture filtrate 

of some fungal antagonists. 
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maximum reduction of disease with mean disease index of 1.59 followed by T. 

harzianum with mean disease index of 2. 76. Other two antagonists T. viride 

and T. virens (lsolate-1) also showed control of the disease after 6 days of 

inoculation. 

Table: 4.23. In vivo control of leaf blight of niger caused by A. alternata by foliar 
treatment of crude culture filtrate of some fungal antagonists 

Mean disease index/plant* 

Antagonists Incubation periods (Days) 

2 4 6 

Aspergillus flavus (Af) 0.96±0.29 1.23±0.59 1.59±0.40 

Trichoderma harzianum 0.98±0.23 2.54±0.19 2.76±0.21 

T. viride 1.10±0.59 2.87±0.44 3.10±0.42 

T. virens (Isolate I) 1.20±0.42 3.59±0.39 4.10±0.60 

T. virens (Isolate II) 1.25±0.16 3.96±0.32 4.62±0.12 

Control 2.90±0.15 4.68±0.47 8.50±0.15 

CDat5% 0.56 0.39 0.72 

*Mean of three replications. Data after± represent standard error values. 

4.8. Screening of potential antifungal phytoextracts against A. a/ternata 

Twenty botanical extracts (both aqueous and ethanol) were tested for 

their antifungal properties in vitro following slide germinatiom bioassay. The 

procedure of preparation of both aqueous and ethanolic extracts of the plants 

have been discussed in meterials and methods section 3.20.1 

4.8.1. Slide germination bioassay to screen potential Botanicals for 
controlling A. a/ternata 

The slide germination bioassay has been discussed in meterials and 

methods (section 3.20.1.2). The percent germination and percent inhibition of 

spores against respective plant extracts were calculated and results of some 

effective plant extracts have been presented in the Table 4.24. 

It was evident from the results (Table 4.24) that both the aqueous and 

ethanolic bulb extracts of Allium sativum completely inhibited spore germination 

of A.alternata. Other plant extracts showed significant effects were of Datura 
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stramonium, Hibiscus rosa-sinensis, Pleuromia rubra, Leucus indica, Borreria 

a/ala and Xanthium strumarium. 

Table: 4.24. Effect of plant extracts on spore germination of A. a/ternata after 
48 hours of incubation. 

Plant species tested 
Aqueous extract 50% ethanol extract 

(Family of the plant) Percent* Percent* Percent Percent 
germination inhibition germination inhibition 

Allium sativum 0.0±0.00 100.0±0.00 0.0±0.00 100.0±0.00 

Datura stramonium 11.3±3.04 88.7±2.66 4.9±0.10 95.1±2.54 

Hibiscus rosa-sinensis 0.0±0.00 100±0.00 5±0.53 95.0±0.00 

Plumeria rubra 0±0.00 100±0.00 9.9±0.40 90.1±1.08 

Leucus indica 12.1±3.30 87.9±1.27 19.6±0.25 80.4±2.27 

Borreria a/ata 9.8±0.22 90.2±2.35 8.2±0.42 91.8±2.21 

Xanthium strumariurn 0±0.00 100±0.00 5.8±0.20 94.2±1.86 

Control 100.0±0.00 0±0.00 100.0±0.00 0±0.00 

CD( 5%) 3.10 3.16 0.74 4.38 

Data are mean of 3 replications. Data after.± represent standard error values. 

4.8.2. Antifungal effect of selected plant extracts on growth of A.alternata 
following poisend food technique 

Aquous and ethanolic leaf extracts of three plants (P/umeria rubra, Datura 

stramonium and Xanthium strumarium) were tested following poisoned food 

technique (as described in Section 3.20.3) to test their antifungal activity. 

Radial measurement of inhibition zones of different plant extracts were 

noted in Table 4.25. From the results it was clear that both aqueous and 

ethanolic extracts of P/umeria rubra showed most inhibitory effect against A. 

a/ternata with 83% and 72% inhibition respectively. Aqueous and ethanolic 

extracts of Xanthium strumarium showed 77% and 69% percent inhibition of 

radial growth respectively. Leaf extracts of Datura stramonium showed least 

inhibition among the plant extracts tested(PWe 'fo13} 

4.9. Foliar application of selected botanicals, for controlling leaf blight 
disease caused by A. a/ternata 

The young niger plants of susceptible variety (LV) were sprayed (in separate 

sets) with the crude aqueous extracts (2 g in 10 ml distilled water) of Allium 

sativum, Plumeria rubra and Xanthium strumarium. After 24 hours of spraying, 
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Poisoned food technique done by different plant extracts. 

fig . a: Control plate (without extract) 

fig . b: Aqueous extract of Pleuromia rubra 

fig. c : Ethanolic extract of Pleuromia rubra 

fig. d : Ethanolic extract of Datura stramoneum 

fig. e: Ethanolic extract of Xanthium strumarium 

fig. f : Aueous extract of Xanthium strumarium 
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the plants were inoculated with the spore suspention of A.alternata. In control set, 

sterile distilled water was sprayed. After 24 hours, the plants in each treatment 

were inoculated with A. a/ternata following the whole plant inoculation method as 

described in section in 3.5. Mean disease index/plant was calculated after 2, 4, 6 

and 8 days of inoculation and compared with the control set following the 

procedure of Sinha and Das (1972). The results were presented in the Table 4.26 

& Fig. 4.25. 

Table: 4.25. Effect of antifungal activity of selected plant extracts on the growth 

of A. a/ternata tested by poisoned food technique 

Plant extracts 

Plumeria rubra 
Aqueous extract 

50% ethanol 
extract 

Datura stramonium 
Aqueous extract 

50% ethanol 
extract 

Xanthium 
Aqueous extract 

strumarium 50% ethanol 
extract 

CD at 5% 

Radial measure of 
· A. alternata in 

PDA*** after 5 days 
of inoculation 
(mm)* 

6±1.53 

10±1.15 

26±1.00 

13±0.85 

8±1.15 

11±1.13 

2.79 

Percent 
Inhibition 
over control** 

88±1.15 

80±1.53 

48±2.08 

74±1.15 

84±0.58 

78±2.00 

2.37 

*Control diameter = 50 mm; ** Mean of three replications; ***PDA : extract = 9:1. 

From the result it was evident that all the three aqueous extracts showed 

significant reduction in mean disease index. A. sativum bulb extracts showed 

maximum control of the disease with mean disease index of only 1.30 followed by 

P. rubra leaf extract with mean disease index of 1.31 after 8 days of inoculation. 

In control set, disease occurrence was always found to be higher than the 

experimental sets. 
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Table: 4.26. In vivo control of Leaf blight of niger (LV) caused by A. alternata 

by foliar treatment with crude aqueous plant extracts. 

Mean disease index I plant* 
Plant species 

Incubation period (Days) 
tested 

2 4 6 8 

Allium sativum 0.0±0.00 0.95±0.08 1.28±0.04 1.30±0.41 

Plumeria rubra 0.24±0.03 1.16±0.9 1.29±0.10 1.31±0.05 

Xanthium 
0.93±0.04 1.64±0.20 2.10±0.18 2.25±0.28 strumarium 

Control 2.8±0.19 4.65±0.21 8.43±0.41 1 0.4±0.5 

CD at 5% 0.31 0.48 0.41 0.57 

* Mean of three replications. Data after± represent standard error values. 
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Fig 4.25 Graphical presentation of leaf blight disease of niger (LV) 

caused by A. alternata by foliar treatment with crude plant extract. 


