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Chapter 4 
RESULTS 

----------------------------------------------------------------------------------------------------------------------------------------------------- 

4.1 Foliar fungal Disease incidence of som plants (Persea bombycina Kost) 

Som plant is vulnerable to many foliar diseases that affect the normal growth of 

the plant, quantity and quality of leaves and ultimately cocoon yield production. Leaf 

spot, red rust, leaf blight and grey blight are the major foliar diseases of som. 

4.1.1 Leaf Blight 

Leaf blight disease is one of the major foliar fungal diseases of som plant, caused 

by Colletotrichum gloeosporioides. It leads to premature leaf fall and causes 

approximately 6.3% of the total leaf yield loss.  The disease appears on young and 

mature leaves in the form of brown colour, round to oval spots that irregularly spread 

to the entire leaf. As the disease progresses, the spots get collapsed and malformed. 

The infected areas dry up and become brown to black in colour. At the advanced stage 

of disease development, brownish colour (stromatic masses or sclerotia) lesions / 

streaks appears on the twigs also. The top of the branch or the entire brunch may 

wither away (Figure 3). Maximum blight infection was noted during the month of 

April-August in nursery grown plant at experimental station. The disease incidence 

was recorded for all the eight morphotypes of som plants which were maintained in 

nursery as well as grown in the experimental field. Results as described in figure 5 

revealed that the percentage disease index was lowest in S7 morphotype and highest 

in S3 and S6morphotype. 

4.1.2 Grey Blight 

Grey blight caused by Pestalotiopsis disseminata has been reported as a major 

epidemic disease of muga host plant, causing 13.8-41.6% leaf yield loss. Main 

symptoms were noticed as appearance of small, oval and discolour lesions scattered 

irregularly on young and mature leaves. In subsequent days following infection, 

brown or grey spots developed irregularly and in advanced stages the spots gets 

collapsed, malformed and the entire leaf withered and dried off (Figure 4).Under 

nursery condition, presence of grey blight disease was recorded and percentage 

disease incidence (PDI) was determined and presented in figure 5. It was recorded 

that establishment of disease was highest in S5 morphotype and lowest in S3 

morphotype. 
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Figure 3: Leaf blight disease incidence of nursery grown (A,C,E) and field grown 
(B,D,F) som plants. Healthy leaf (B), Naturally infected leaf (A,C,D,E,F); 
Morphotype: (A) – S3, (B, D, F) – S6, (C) – S5, (E) – S4  
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Figure 4: Grey blight disease incidence in field grown som plants. Healthy leaf 
(A) naturally infected (B-D); Morphotype: (A) – S3, (B) – S5, (C) – S6 and (D) – 
S7  

 

Figure 5: Percent Disease Index (PDI) of leaf blight and grey blight disease in 
nursery grown som plants 
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4.1.3 Completion of Koch’s postulate 

Isolation of pathogen was carried out from leaf blight and grey blight infected 

leaf samples according to the methods mentioned in earlier section. Three different 

isolates from leaf blight infected leaves were isolated from S2, S4 and S6 morphotype 

of som plants and were coded as – SOM/Cl/01, SOM/Cl/02 and SOM/Cl/03. 

Similarly in case of grey blight infected leaf samples, three more isolates were 

isolated from S5, S6 and S7 morphotype  and coded  as – IPL/SOM/P/01, 

IPL/SOM/P/02 and IPL/SOM/P/03.  

Out of these six isolates, two isolates namely, IPL/SOM/P/01 and SOM/Cl/02 

were used for artificial inoculation of som leaves of all eight morphotypes using 

detached leaf inoculation technique. Disease symptoms were noted after 48hrs of 

inoculation. Pathogen was re-isolated from these infected leaves and was confirmed 

with the original isolates using morphological identification techniques. 

Hence these two isolates, IPL/SOM/P/01 and SOM/Cl/02 was taken into 

consideration for further morphological identification and molecular classification 

using 18S rDNA sequencing technique and phylogenetic analysis.  

 

4.2 Growth and spore characters of Pestalotiopsis disseminata 

The three isolates of P. disseminata obtained from three different morphotypes 

(S5, S6 and S7) of som plants and these were coded as IPL/SOM/P/01, 

IPL/SOM/P/02 and IPL/SOM/P/03. These isolates were maintained in PDA slants. 

Koch’s postulate was performed in order to confirm the disease causing capacity of 

the isolates. For assessment of their growth rate and sporulation, three different media 

(PDA, OMA and RMA) were used. Mycelial dry weight was measured for all three 

isolates grown in Richard’s medium. Spore characters of the isolates were noted and 

measured. Total soluble protein was extracted and estimated from mycelia grown in 

Richard’s medium. 

4.2.1 Growth 

The fungus was grown in three different media, Potato Dextrose Agar (PDA), 

Richard’s Synthetic Agar (RMA) and Oat meal agar (OMA). In each medium mycelia 

growth was recorded after 4,6,8 and 10 days of incubation at 25±2°C. The result as 

presented in table 4records that the growth rate on PDA was highest and on OMA was 

lowest. The growth rate ranged from 9.6mmto 13.5mm on the 10th day of incubation. 
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The fungus generally exhibited white mycelia growth from which black acervuli 

developed (Figure 8 A,B,C). 

Growth in liquid synthetic medium (RM) was measured for the three isolates 

separately by taking dry weight. The resulting data is presented in table 5. The dry 

weight accumulated was highest 20 days after inoculation in P. disseminata, 

irrespective of the isolate. Maximum growth (300mg g-1 tissue) was recorded for 

IPL/SOM/P/01 isolate whereas IPL/SOM/02 has the lowest weight (200mg g-1 tissue). 

Table 4: Mycelial growth of P. disseminata isolates in different solid media 

Isolate Diameter of mycelia (mm)a 
Media 

Potato Dextrose 
Agar 

Richard’s Agar Oat Meal Agar 
 

IPL/SOM/P/01 13.5±0.5 11.2±0.5 10.1±0.2 
IPL/SOM/P/02 11.5±0.3 10.8±0.4 9.2±0.5 
IPL/SOM/P/03 10.6±0.4 10.2±0.2 9.6 ±0.5 

a10 days after incubation, ± Standard Error, Average of three replicates, Incubation at 25±2°C 

Table 5: Mycelial growth of P. disseminata isolates in Richard’s solution 

Days after inoculation Growth rate (mg) 
Isolates 

IPL/SOM/P/01 IPL/SOM/P/02 IPL/SOM/P/03 
5 115±1.02 92±1.08 106±1.12 
10 229±1.14 115±1.02 152±1.11 
15 285±1.15 178±1.06 204±1.19 
20 300±1.23 200±1.02 285±1.14 

± Standard Error, Average of three replicates, incubation at 25±2°C 

4.2.2 Sporulation 

Sporulation was assessed in all the three isolates of P. disseminata in three 

different media (PDA, OMA and RMA). Highest sporulation was observed in PDA 

medium for all the three isolates whereas lowest sporulation was observed in OMA 

media (Figure 6). Isolate IPL/SOM/P/01 showed highest sporulation among all the 

three isolates.   

4.2.3 Spore morphology 

Large no. of conidia were produced within the acervuli. Conidial morphology 

was studied under Scanning electron microscope (Figure 7) as well as bright field 

Leica microscope (Figure 8 D,E.F). Conidia is long, fusiform, straight, rarely curved, 

4-celled, slightly constricted at septa, concolourous median cells, apical and basal 

cells hyaline, apical cell cylindrical with 2 apical appendages (setulae) 25µm long, 
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basal cell conical with a short basal appendage. Presence of relatively long apical 

appendages that are unbranched and unknobbed and attached to the tip of apical cells.  

 

 

Figure 6: Percentage sporulation of P. disseminata isolates in three different solid 
media (PDA – Potato Dextrose Agar, RM – Richard’s Medium, OMA – Oat 
Meal Agar) 
 

 

Figure 7: Scanning electron microscopic observations of P. disseminata spores 
(isolate IPL/SOM/P/01) 
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Figure 8: Growth of P. disseminata isolates in PDA media (A-C) and spore 
characteristics (D-F); (A,D) – IPL/SOM/P/01; (B,E) – IPL/SOM/P/02; (C,F) – 
IPL/SOM/P/03 
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4.3 Growth and spore characters of Colletotrichum gloeosporioides 

Three isolates of C. gloeosporioides were obtained from three different 

morphotypes (S2, S4 and S6) of naturally leaf blight infected som plants and were 

coded as SOM/Cl/01, SOM/Cl/02 and SOM/Cl/03. These were all maintained in PDA 

slants and Koch’s postulates were completed for confirmation of the disease causing 

capacity. 

For assessment of growth rate and sporulation, different solid media, Potato 

dextrose Agar (PDA), Richard’s Media(RMA) and Oat Meal Agar (OMA) in 

petridishes were inoculated with 4mm dia plugs taken from the periphery of young 

fungal culture of specified media, incubated at 25°C, and growth rate was measured 

by taking readings at every 24hrs. Mycelial dry weight was measured for all three 

isolates grown in liquid Richard’s Solution. Spores of the isolates grown on PDA 

medium after 14 days of incubation were measured with the help of ocular 

micrometer. The spores of each isolate were germinated separately on glass slides at 

25±2°C, and relative humidity at around 90% and their appressorial dimensions 

measured after 24hrs.  

4.3.1 Growth 

Growth rates were measured in the three strains of C. gloeosporioides in three 

different solid media – PDA, RMA and OMA. The results are presented in table 6 it is 

evident that the isolates did not differ significantly with respect to their growth rates 

in solid media, however there was some difference observed with respect to the type 

of the solid media used. For all the three isolates growth rate was highest in PDA and 

lowest in OMA. The growth rates ranged from 8.4 mm day-1 to 11.5 mm day-1.The 

patterns of growth differed depending upon the media used. In PDA mycelial colour 

was white to greyish white to black on the upper surface. In RMA the mycelial colour 

was white to orangish white. In OMA the mycelial growth was always digging and 

sparse (Figure 10 A-C). 

Growth in liquid synthetic Richard’s solution (RM) was measured for the 

three isolates separately by taking dry weight. The resulting data is presented in table 

7. The dry weight accumulated was highest 25 days after inoculation in C. 

gloeosporioides, irrespective of the isolate. However the dry weight values at that 

point differed significantly among the isolates. SOM/Cl/02 has the highest weight 

(423 mg) and SOM/Cl/01 has the lowest weight (235 mg). 
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4.3.2 Sporulation 

Sporulation was assessed in C. gloeosporioides isolates in three different 

media (PDA, OMA and RMA). Highest degree of sporulation was observed in PDA 

which was similar for all the isolates. Lowest sporulation was observed in OMA. 

Results are shown in Figure 9. SOM/Cl/02 exhibited highest amount of sporulation 

among the three isolates.  

4.3.3 Spore morphology 

Conidial morphology was studied under bright field Leica Microscope (Figure 

10D-F). Conidia are cylindrical with rounded apex and truncated base, hyaline and 

aseptate. Spore dimensions were always measured from spores grown in PDA. 

Between the isolates, the mean width of conidia did not vary much, the widest being 

in SOM/Cl/03 (4.5µm) and the narrowest in SOM/Cl/01 (3.2µm). The mean conidial 

length also didn’t vary much among the isolates, the shortest being SOM/Cl/03 

(10.5µm) and the longest being SOM/Cl/02 (13.4µm) as shown in Table 8.Conidia 

germinated by irregularly round brown appressoria.   

Table 6: Mycelial growth of C. gloeosporioides isolates in different solid media 

Isolate Diameter of mycelia (mm)a 
Media 

Potato Dextrose Agar Richard’s Agar Oat Meal Agar 
SOM/Cl/01 11.2±0.85  9.6±0.89 8.4±0.79 
SOM/Cl/02 11.5±0.78 10.5±0.96 8.9±0.68 
SOM/Cl/03 11.4±0.84 10.2±1.04 8.6±0.84 

a10 days after incubation, ± Standard Error, Average of three replicates, Incubation at 
25±2°C 

Table 7: Mycelial growth of C. gloeosporioides isolates in Richard’s solution 

Days after inoculation Growth rate (mg) 
Isolates 

SOM/Cl/01 SOM/Cl/02 SOM/Cl/03 
5   95±1.02 112±1.08 108±1.12 

10 129±1.14 245±1.02 168±1.11 
15 185±1.15 378±1.06 259±1.19 
20 235±1.23 423±1.02 356±1.14 

± Standard Error, Average of three replicates, incubation at 25±2°C 

 

 

 



93 
 

 

 

Figure 9: Percentage sporulation of C. gloeosporioides isolates in three different 
solid media (PDA – Potato Dextrose Agar, RM – Richard’s Medium, OMA – Oat 
Meal Agar) 

 

Table 8: Spore characters of C. gloeosporioides isolates 

Isolate Spore size (µm)* 
Length Width 

SOM/Cl/01 11.9±1.12 3.2±1.05 

SOM/Cl/02 13.4±1.16 3.9±1.20 

SOM/Cl/03 10.5±1.11 4.5±1.15 

± Standard Error, *mean of 50 spores, Isolates were grown in Richard’s solution 
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Figure 10: Growth of C.gloeosporioides isolates in PDA media (A-C) and spore 
characteristics (D-F); (A,D) – SOM/Cl/01; (B,E) – SOM/Cl/02; (C,F) – 
SOM/Cl/03 
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4.4Screening of resistance of som plants towards foliar fungal pathogens 

Resistance of som plants against Colletotrichum gloeosporioides and 

Pestalotiopsis disseminate was carried out among eight different morphotypes 

released by Central Muga and Eri Research and training Institute (CMER&TI), 

Jorhat, Assam, following detached leaf and whole plant inoculation technique. 

Methods of inoculation, incubation conditions and disease assessment procedures 

have been described in details in Materials and methods. 

 

4.4.1. Detached leaf inoculation 

Detached leaf inoculation of eight different morphotypes of som plant was 

carried out. Disease assessment and symptom development were done after 48, 72 and 

96 h of inoculation on the basis of percent drop that resulted in lesion production. 

 

4.4.1.1 P. disseminata 

Leaves of all eight morphotypes of som plants were inoculated with spores of 

P. disseminata.  Results as shown in table 9 reveal that after 96h of incubation 72% 

lesion production was obtained in S5 morphotype while in S3 morphotype 

approximately 30% lesion production was observed. Hence it can be said that S5 

morphotype is highly susceptible to grey blight disease followed by S6, S7 and S2. 

Least susceptible is S3 morphotype (Figure 11). 

 

4.4.1.2 C. gloeosporioides  

In case of leaves inoculated with C. gloeosporioides spore suspension, results 

revealed that S6 morphotype was most susceptible, followed by S3, S8 and S5. The 

least susceptible was S7 morphotype followed by S2, S1 and S4. After 96h of 

inoculation 62% lesion production was obtained in S6 morphotype while in S7 

morphotype approximately 25% lesion production was observed (Table 10 and 

Figure12). 
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Table 9: Pathogenicity test of P. disseminata isolate on Persea bombycina 
following detached leaf inoculation technique 

 

Morphotype Percentage  lesion productiona 

Hours after inoculation 

48 72 96 

S1 32.16±0.6 36.15±1.1 45.12±0.8 

S2 46.25±0.4 51.26±1.8 58.24±0.8 

S3 18.11±0.5 22.32±0.6 30.16±0.6 

S4 23.50±0.6 31.15±0.4 39.45±1.2 

S5 49.16±0.8 58.42±1.6 72.15±1.2 

S6 43.26±1.2 55.36±1.2 65.23±1.6 

S7 43.45±0.5 50.21±1.2 63.16±1.4 

S8 41.29±0.6 46.14±0.6 52.11±1.6 
a Average of three separate trials, 50 leaves inoculated in each trial, ± Standard error 

Table 10: Pathogenicity test of C. gloeosporioides on Persea bombycina following 
detached leaf inoculation technique 

 

Morphotype Percentage  lesion productiona 

Hours after inoculation 

48 72 96 

S1 30.63±1.2 35.23±0.8 45.23±1.2 

S2 26.52±1.6 30.25±0.9 36.12±0.6 

S3 42.25±0.6 50.85±1.5 59.25±1.4 

S4 36.25±0.5 43.23±1.2 48.52±1.6 

S5 40.12±0.3 49.25±1.6 56.30±1.5 

S6 49.56±1.2 55.23±1.4 62.06±1.2 

S7 20.12±1.5 25.23±0.5 30.12±1.4 

S8 36.52±1.4 42.23±1.5 50.23±0.8 
a Average of three separate trials, 50 leaves inoculated in each trial, ± Standard error 
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Figure 11: Pathogenecity test of P. disseminata isolate following detached leaf 
inoculation technique. (A) – Experimental setup after 48h of inoculation, (B,C) – Leaves 
of S5 morphotype showing disease symptoms after 96h of inoculation, (D,E) – Leaves of 
S6 morphotype showing disease symptoms after 96h of inoculation 
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Figure 12: Pathogenecity test of C. gloeosporioides isolate following detached leaf 
inoculation technique. (A) – Experimental setup after 48h of inoculation, (B,C) – Leaves 
of S5 morphotype showing disease symptoms after 96h of inoculation, (D,E) – Leaves of 
S6 morphotype showing disease symptoms after 96h of inoculation 
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4.4.2 Whole Plant inoculation 

Eight morphotypes of well established pot grown som plants were inoculated 

with spore suspension of C. gloeosporioides and P.disseminata separately and were 

incubated with plastic cover for 48h. The pots were observed at 15, 20 and 30 days 

interval and appearance of disease symptoms were noted. Accordingly percentage 

disease index was measured (Table 11). 

4.4.2.1. P. disseminata 

In case of pots inoculated with P. disseminata spores disease intensity was 

highest at each interval in S5 morphotype followed by S6, S7 and S2. It was least in 

S3 morphotype followed by S4, S1 and S8 as shown in Figure 13(A). 

4.4.2.2. C. gloeosporioides 

In case of pots inoculated with C.gloeosporioides spores disease intensity was 

high in S6, S3, S5 and S8 at each interval in comparison to other morphotypes like 

S4, S1, S2 and S7 as shown in figure 13(B). 

 

Results obtained from varietal resistance test performed on 8 som 

morphotypes against C. gloeosporioides and P. disseminata following detached leaf 

and whole plant inoculation technique indicated that S6 morphotype is highly 

susceptible to C. gloeosporioides and S7 morphotype is least susceptible. On the other 

hand S5 morphotype is highly susceptible to P. disseminata whereas S3 morphotype 

is least susceptible. 

Table 11: Grey blight and leaf blight disease incidence of som following whole 
plant inoculation with P. disseminata and C. gloeosporioides 

Morphotype Percent Disease Index (PDI)* 
P. disseminata C. gloeosporioides 

S1 50±0.08 48±0.05 
S2 58±0.06 42±0.06 
S3 42±0.05 65±0.07 
S4 48±0.09 50±0.08 
S5 72±0.12 60±0.06 
S6 69±0.06 70±0.04 
S7 60±0.07 35±0.06 
S8 55±0.06 56±0.08 

*After 30days of inoculation, ±Standard error  
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Figure 13: Screening of resistance of eight morphotypes of som plants against (A) 
P. disseminata and (B) C. gloeosporioides following whole plant inoculation 
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4.5 Immunoassays for detection of Pestalotiopsis disseminata and Colletotrichum 

gloeosporioides 

4.5.1. Soluble protein 

Quantitative protein analysis of the mycelial antigen of C. gloeosporioides and 

P. disseminata isolates was done at 4 day intervals for 20 days. Results as shown in 

table12 and 13 reveal that 12 day-0ld culture of SOM/Cl/02 and IPL/SOM/P/01 had 

the highest protein content of 25.6 mg/g-1 fresh tissue weight and 20.5 mg/g-1 fresh 

tissue weight respectively. The results are prepared in tables. It is clear that 

SOM/Cl/02 and IPL/SOM/P/01exhibited high total protein content from 4th to 12th 

day of incubation than the other isolates of both the pathogen. Hence mycelial antigen 

of these two isolatesof P. disseminata and C. gloeosporioides was analysed by SDS-

PAGE. The molecular weight of protein bands visualized after staining with 

coomassie blue were determined from the known molecular weight marker. Bands of 

varying intensities ranging from 97 Kda to 14.3 Kda were present in both the 

pathogens. Bands of lower molecular weight were present especially in P. 

disseminata.  

Table 12: Protein content of C. gloeosporioides isolates 

Isolates Protein content (mg g-1) 
Incubation period (days)a 

4 8 12 16 20 
SOM/Cl/01   8.2±1.12 10.6±1.22 13.5±1.04 11.5±1.14 10.2±1.14 
SOM/Cl/02 14.0±1.09 20.5±1.14 25.6±1.11 22.5±1.03 20.3±1.02 
SOM/Cl/03   9.5±1.06 11.3±1.06 10.5±1.13   8.6±1.04   7.2±1.05 
a Incubation temperature 25°C, ±Standard Error, n=3 

Table 13: Protein content of P. disseminata isolates 

Isolates Protein content (mg g-1) 
Incubation period (days)a 

4 8 12 16 20 
IPL/SOM/P/01   12.2±1.12 20.6±1.22 28.9±1.04 25.5±1.14 20.2±1.14 
IPL/SOM/P/02   9.5±1.06 11.3±1.06 10.5±1.13   8.6±1.04   7.2±1.05 
IPL/SOM/P/03   10.5±1.06 18.3±1.06 25.5±1.13   20.6±1.04   17.2±1.05 
a Incubation temperature 25°C, ±Standard Error, n=3 

4.5.2 Immunological assays 

Immunological assays were performed using Polyclonal antibodies (PAb) 

raised against mycelia protein of P. disseminata and C. gloeosporioides in rabbit. 

Effectiveness of antigen in raising antibodies were checked initially using agar gel 
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double diffusion technique followed by dot immunobinding assay and western blot 

analysis. Optimization of ELISA was done by considering two variables, dilution of 

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

4.5.2.1 Optimization of PTA-ELISA 

Optimization of ELISA was done considering two variables, dilution of the 

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

Antiserum dilutions ranging from 1:125 to 1:16000 were tested against homologous 

antigen at a concentration of 5mg/L. Absorbance values in ELISA decreased from the 

dilution of 1:125 to 1:2000 after which it levelled off. Dilutions of antigen 

concentration in two fold series ranging from 25 to 1600µg/L were tested against two 

antiserum dilutions (1:125 and 1:250). ELISA values increased with a concomitant 

increase of antigen concentrations. Concentration as low as 25µg/L can be easily 

detected by ELISA at both antisera dilutions.(Figure 14). 

4.5.2.2 PTA-ELISA 

PTA-ELISA was used to check the effectiveness of homologous and 

heterologous antigens with PAbs of both the pathogens. It was observed that titre 

values of ELISA were significantly higher in case of homologous antigen-antibody 

reaction in comparison with heterologous antigen-antibody reaction. (Table 14). In 

case of heterologous reaction, antigen of Dreschleraoryzae and Bipolarissorokiniana 

was taken into consideration. 

 

Table 14: Indirect ELISA values (A405) of mycelial antigens reacted with PAbs of 
C. gloeosporioides and P. disseminate 

Fungal Antigen (40µg/ml) PAb of C. gloeosporioides PAb of P. disseminata 

Colletotrichumgleoesporioides 1.912±0.008 0.789±0.009 

Pestalotiopsisdessiminata 0.658±0.008 1.820±0.005 

Dreschleraoryzae 0.107±0.012 0.156±0.006 

Bipolarissorokiniana 0.112±0.006 0.109±0.003 

Absorbance at 405nm, PAb at 1:125 dilution 
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Figure 14: Optimization of ELISA by considering two variable, (A) dilution of 
the antiserum and (B) dilution of the antigen extract  

 

 

 



104 
 

4.5.2.3 Dot-Immunobinding Assay 

Dot immunobinding assay using mycelial antigen and PAb of P. disseminata 

and C. gloeosporioides was also standardized. Dot immunobinding assays confirm the 

effectiveness ofraising antibodies against P. disseminata and C. gloeosporioides. 

Soluble protein obtained fromseven-day old mycelia of P. disseminate and C. 

gloeosporioides were reacted on nitrocellulose paper with PAb-Pt and PAb-Cg. 

Result shows development of deep purplecolour in homologous reactions (Table 15) 

indicating a positive reaction suggestive of effectiveness of mycelial antigen in raising 

PAb against the pathogen. However, light pinkish colour was observed in 

heterologous reactions (Figure 15A and 17A) 

Table 15: Dot immunobinding assay of mycelial antigens reacted with PAbs of C. 
gloeosporioides and P. disseminate 

Antibody Source Antigen Source Intensity of dots 

Colletotrichum gloeosporioides C.gloeosporioides ++++ 

P. disseminata ++ 

D. oryzae + 

B. sorokiniana + 

Pestalotiopsisdisseminata P. disseminata ++++ 

C.gloeosporioides ++ 

D. oryzae + 

B. sorokiniana + 

++++ Very deep purple; +++ Deep purple; ++ Light pinkish; + Very light purple 

4.5.2.4 Western Blot 

Western blot analysis using PAb of P.disseminataand C. gloeosporioideswas 

also performed to develop strategies for rapid detection of the pathogens. For this total 

soluble protein of young mycelia was used as antigen source and SDS-PAGE was 

performed followed by probing with alkaline phosphatase conjugate. The bands on 

nitrocellulose membrane were compared with bands on SDS-PAGE. Bands of varying 

molecular weights (14 KDa to 97 KDa) were seen in SDS-PAGE. The bands on 

nitrocellulose membrane were compared with those present in SDS-PAGE. Bands 

with lower molecular weights were more in numbers. 

In case of Western blot of mycelia of P. disseminata 7 different bands of 

varying molecular weights, mainly lower molecular weights were observed on 
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nitrocellulose membrane. These bands therefore contain epitopes of antigen that were 

present in the mycelial protein (Figure 15 C). Similarly in case of C. 

gloeosporioidesthe nitrocellulose membrane spotted 5 different bands of higher 

molecular bands, corresponding to the epitopes of pathogenic antigen (Figure 17 C) 

4.5.2.5 Indirect  Immunofluorescence 

Indirect immunofluorescence of young hyphae and spores of P. disseminata 

and C. gloeosporioideswas carried out with homologous antibody and reacted with 

fluorescein isothiocyanate (FITC) labelled antibodies of goat specific for rabbit 

globulin.  

4.5.2.5.1 Mycelia 

Young mycelia of both the pathogen was treated with their respective 

homologous antibody and labelled with FITC. Strong apple green fluorescence was 

seen in both mycelia which was confirmation of the homologous reaction of the 

pathogen and the antibody (Figure 15 B and 17 B).  

4.5.2.5.2 Spores 

Spores of both the pathogens were also treated with their respective 

homologous antibody and then labelled with FITC. In case of P. disseminata spores 

only the setulae and appendages showed apple green fluorescence as the conidia are 

dark septate, confirming the identity of the pathogen (Figure 16). On the other hand 

C. gloeosporioides spores showed apple green fluorescence throughout the structure 

as it is hyaline in nature and easily gets labelled with FITC (Figure 18). This also 

confirms homologous antigen-antibody reaction between pathogen and their 

corresponding antibody.  
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Figure 15: Serological assay of Pestalotiopsis disseminata; (A) - Dot blot; 
(B)Immunofluorescence of young mycelia of P. disseminata reacted with PAb-Pt 
and labelled with FITC; C– Western blot analysis of mycelial antigen of P. 
disseminata probed with PAb-Pt on nitrocellulose membrane using NBT/BCIP as 
substrate  
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Figure 16: Spore morphology of P. disseminata. (A) – Spore under bright field, 
(B) – Scanning electron micrograph of spores, (C) – Indirect 
immunofluorescence of spores of P. disseminata treated with PAb-Pt and labelled 
with FITC 
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Figure 17: Serological assay of Colletotrichum gloeosporioides; (A) – Dot blot; (B) 
- Immunofluorescence of young mycelia of C. gloeosporioides reacted with PAb-
Cg labelled with FITC; C - Western blot analysis of mycelial antigen of C. 
gloeosporioides probed with PAb-Cg on nitrocellulose membrane using 
NBT/BCIP as substrate  
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Figure 18: Spore morphology of C. gloeosporioides; (A) – Spore characteristics 
under bright field microscope, (B) – Indirect immunofluorescence of spores of C. 
gloeosporioides probed with PAb-Cg and labelled with FITC 
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4.6 Detection of major cross reactive antigens shared byPersea bombycina and 

foliar fungal pathogens 

In phytopathological studies it is important to learn the host parasite 

relationship at the cellular level. The presence of cross reactive antigens (CRA) 

between plant host and parasite reflect degrees of compatibility in the parasite 

association. The unique presence of CRA in hosts and parasites continues to suggest a 

regulatory role of CRA in host-parasite specificity. To achieve this antibodies labelled 

with fluorescein isothiocyanate (FITC) were used to determine the location of CRA in 

cross sections of som leaves and fungal cells. PTA-ELISA was also used to check the 

amount of cross reactive antigens present in healthy leaf tissues. 

4.6.1    PTA-ELISA 

PTA-ELISA was carried out using antigen of three different age groups of 

healthy som leaves using PAb-Pt as well as PAb-Cg to check the presence of cross 

reactive antigens in healthy leaves. It was recorded in table 16 and 17 that CRA is 

present in young leaves more than the medium or mature leaves and PAb-Cg gave 

better result suggesting a susceptibility of som morphotypes towards leaf blight 

pathogen more than grey blight pathogen. 

 

Table 16: Indirect ELISA values (A405) of som leaf antigens reacted with PAbs of 
C. gloeosporioides 

Antigen PTA-ELISA values at 405nm*  
Leaf Antigen 

(40µg/ml) 
Young Medium Mature 

Morphotype     S1 0.85±0.23 0.72±0.05 0.45±0.01 
 S2 0.76±0.31 0.63±0.05 0.39±0.03 

  S3 1.18±0.20 1.07±0.03 0.97±0.35 
  S4 0.92±0.08 0.81±0.10 0.55±0.20 
 S5 1.00±0.05 0.91±0.08 0.60±0.10 
S6 1.26±0.13 1.10±0.23 1.00±0.17 
 S7 0.65±0.02 0.52±0.06 0.25±0.10 
S8 1.05±0.15 1.00±0.07 0.85±0.11 

Mycelial antigen 
C. gloeosporioides 1.93±0.07 

* PAb of C. gloeosporioides at 1:125 dilution, ± Standard error 
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4.6.2 Cellular localization of CRA in som leaf tissue usingindirect 

immunofluorescence 

Indirect immunofluorescence using PAb–Cgand PAb-Pt labelled with FITC 

was used to determine the location of CRA in som leaf tissues. Fresh cross-sections of 

healthy som leaves of S5 and S6 morphotype was cut through the midrib and treated 

with PAb-Cg antibody as well as PAb-Pt antibody, labelled with FITC conjugate and 

observed under UV fluorescence conditions. The leaf sections which were not treated 

with antibodies, when observed under UV fluorescence microscope exhibited a 

natural bright yellow autofluorescence mainly on the cuticle. Leaf sections treated 

with the antibodies reacted much more strongly to FITC and exhibited apple green 

fluorescence. PAb-Cg was most reactive with leaf sections of S6 morphotype whereas 

PAb-Pt was more reactive with S5 morphotype (Figure 19 and 20).Here reaction with 

FITC developed fluorescence that was distributed throughout the leaf tissues. It 

appears that CRA may form a continuum between the cells of host and parasite, 

which favours the growth and establishment of the pathogen in the host tissue. 

Table 17: Indirect ELISA values (A405) of som leaf antigens reacted with PAbs of 
P. disseminate 

Antigen PTA-ELISA values at 405nm* 
Leaf antigen 

(40µg/ml) 
Young Medium Mature 

Morphotype      S1 0.85±0.06 0.76±0.05 0.51±0.08 
                       S2 0.96±0.11 0.88±0.07 0.71±0.09 
                       S3 0.65±0.04 0.52±0.03 0.32±0.14 
                       S4 0.76±0.11 0.65±0.05 0.45±0.06 
                       S5 1.37±0.03 1.07±0.12 0.97±0.03 
                       S6 1.12±0.03 1.00±0.12 0.92±0.21 
                       S7 1.06±0.14 0.95±0.07 0.81±0.13 
                      S8 0.90±0.04 0.80±0.08 0.65±0.17 

Mycelial antigen 
P. disseminata 1.82±0.07 

*PAb of P. disseminata at 1:125 dilution, ± Standard error 

4.6.3 Cellular localization of CRA in som leaf tissue using immunogold labelling 

The purpose of the ultrasturctural immunocytochemical studies was to locate 

cross-reactive antigenic sites in som leaf tissue shared by C. gloeosporioides and P. 

disseminata. Ultrathin sections of healthy leaf tissues of S5 and S6 morphotypes were 

treated with PAb-Cg, labelled with gold conjugate of 5nm followed by uranyl-acetate 

staining. Electron microscopic observations of som leaf tissues showed specific 

localization of the antibody in certain intercellular structures (Figure 21 and22). The 
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gold particles were scattered in the cytoplasm. In some areas the particles were 

concentrated to show the accumulation of CRA in the region. This showed the 

compatibility of the pathogen with the host tissue. 

 

 

Figure 19: Cellular localization of CRA shared by som plant and C. 
gloeosporioides. (A) Autofluorescence; (B) Cellular localization of CRA in som 
leaf tissue treated with PAb-Cg and labelled with FITC 
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Figure 20: Cellular localization of CRA shared by som plant and P. disseminata 
(A) Autofluorescence; (B) Cellular localization of CRA in som leaf tissue treated 
with PAb-Pt and labelled with FITC 
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Figure 21: Transmission electron micrographs showing immunogold localization 
of CRA in som leaf tissue reacted with PAb-Cg and labelled with antirabbit-IgG 
(whole molecule) gold conjugate 
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Figure 22: Transmission electron micrographs showing immunogold localization 
of CRA in som leaf tissue reacted with PAb-Pt and labelled with antirabbit-IgG 
(whole molecule) gold conjugate 
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4.7 Serological detection of P. disseminata and C. gloeosporioides in som leaf 

tissues 

The PTA-ELISA is very sensitive and has proved valuable in detecting 

infection before macroscopic symptoms appear. Such detection techniques make it 

possible to detect microquantities of pathogen within a few hours of infection which 

is much more advantageous than conventional techniques involving pathogen 

inoculation, visible symptoms and microscopy. These have tremendous potential for 

plant disease management strategies since detection of pathogens at the initial stages 

of infection can lead to formulation of control measures before much harm has been 

done. In the present study immunoassays are also being used for various other 

purposes such as localization of pathogen within tissues and identifying specific 

antigens in electrophoretically separated components. It was of interest to determine 

whether P. disseminata and C. gloeosporioides infections were detectable in som leaf 

tissues using immunoassays such as PTA-ELISA, Dot-blot and Western blot. 

 

4.7.1 Natural infection 

Natural grey blight and leaf blight infected som leaves of eight different 

morphotypes were collected from experimental garden of Immuno-phytopathology 

Laboratory. Percentage disease incidence of these blight diseases was also recoreded 

during the time of collection. 

4.7.1.1 PTA-ELISA 

Antigens prepared from blight infected leaves of the different morphotypes 

and corresponding healthy samples were tested in PTA-ELISA at antigen coating 

concentrations of 40µg protein ml -1 and probed with PAb-Cg and PAb-Pt. PTA-

ELISA values of blight infected extracts of all morphotypes were higher than the 

healthy controls at the same antigen concentration (table 18 and 19) 

4.7.1.2 Dot immunobinding assay 

Healthy som leaf antigens and antigens prepared from blight infected leaves 

from all eight morphotypes of som plant were coated on nitrocellulose membranes 

and reacted with PAb-Cg and PAb-Pt following the protocol of Dot-blot assay. 

Employing NBT/BCIP as substrates reaction produced violet coloured dots. Results 

revealed the healthy samples had lighter dots when compared with those of infected 

and homologous sample (table 20 and 21). 
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Table 18: Detection of pathogen in naturally leaf blight infected som leaves using 
PTA-ELISA formats 

Morphotypes PAb-Cg 

Healthy Infected PDI 
S1 0.079±0.008 0.089±0.009 38.1±0.02 

S2 0.085±0.009 0.095±0.015 32.5±0.01 

S3 0.092±0.012 0.125±0.016 60.3±0.008 

S4 0.087±0.014 0.105±0.011 40.1±0.007 

S5 0.156±0.011 0.198±0.009 52.5±0.01 

S6 0.096±0.009 0.155±0.008 68.2±0.006 

S7 0.078±0.015 0.088±0.014 25.32±0.02 

S8 0.081±0.008 0.098±0.016 56.5±0.008 

Note: PTA-ELISA values at 405nm; Leaf antigen concentration 40µgml -1; PAb 
dilution 1:125; ± Standard error 

 

Table 19: Detection of pathogen in naturally grey blight infected som leaves 
using PTA-ELISA formats 

Morphotypes PAb-Pt 

Healthy Infected PDI 
S1 0.084±0.021 0.090±0.015 30.5±0.001 

S2 0.084±0.004 0.089±0.005 38.2±0.002 

S3 0.080±0.011 0.098±0.011 20.4±0.008 

S4 0.076±0.008 0.088±0.014 25.6±0.015 

S5 0.082±0.011 0.108±0.002 55.2±0.009 

S6 0.095±0.03 0.123±0.009 50.3±0.014 

S7 0.087±0.003 0.098±0.006 42.5±0.018 

S8 0.081±0.004 0.090±0.008 35.6±0.008 

Note: PTA-ELISA values at 405nm; Leaf antigen concentration 40µgml -1; PAb 
dilution 1:125; ± Standard error 
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Table 20: Dot immunobinding assay of healthy and leaf blight infected leaf 
antigens of som plants using PAb of C. gloeosporioides 

Antigen (40µg/ml) PAb-Cg 

Leaf antigen Healthy Infected 

Morphotype S1 + +++ 

 S2 ++ ++++ 

S3 ++ +++++ 

 S4 ++ ++++ 

  S5 ++ +++++ 

  S6 ++ +++++ 

  S7 + +++ 

 S8 + +++++ 

Mycelial antigen: 
C.gloeosporioides 

+++++ 

Colour intensity of dots: + insignificant; ++ light violet; +++ violet; ++++ deep violet; 
+++++ deeper violet; NBT/BCIP used as substrate; PAb dilution 1:125.   

 

Table 21: Dot immunobinding assay of healthy and grey blight infected leaf antigens 
of som plants using PAb of P. disseminata 

Antigen (40µg/ml) PAb-Pt 

Leaf antigen Healthy Infected 

Morphotype S1 + ++++ 

           S2 ++ +++++ 

           S3 + +++ 

           S4 + +++ 

           S5 ++ +++++ 

           S6 ++ +++++ 

           S7 + ++++ 

           S8 + ++++ 

Mycelial antigen: 
P. disseminata 

 
+++++ 

Colour intensity of dots: + insignificant; ++ pink; +++ light violet; ++++ violet; 
+++++ deep violet; NBT/BCIP used as substrate; PAb dilution 1:125.   
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4.7.2 Detection of foliar fungal pathogens in leaf tissues following artificial 

inoculation 

4.7.2.1 PTA-ELISA 

PTA-ELISA could readily detect reaction between leaf antigens and PAb of 

pathogens. Antigens extracted from healthy and artificially inoculated with P 

disseminata and C. gloeosporioides were tested against PAbs of the pathogens 

separately. Infection could be detected from 24 h onwards in ELISA on the basis of 

significantly higher absorbance values of infected leaf extracts in comparison with 

healthy leaf extracts (table 22). 

 

Table 22:PTA-ELISA values (A405) showing reaction of PAbs of C. 
gloeosporioides and P. disseminata with antigens of healthy and inoculated som 
leaves 

Som 

morphotypes 

Leaf antigen concentration (40 µg/ml) 

Healthy Inoculateda 

PAb-Cg PAb-Pt 

S1 0.090±0.015 0.165±0.064 0.152±0.010 

S2 0.084±0.004 0.172±0.081 0.169±0.008 

S3 0.080±0.011 0.146±0.029 0.177±0.009 

S4 0.076±0.008 0.153±0.026 0.189±0.120 

S5 0.082±0.011 0.149±0.042 0.135±0.160 

S6 0.090±0.008 0.136±0.106 0.148±0.005 

S7 0.098±0.0006 0.159±0.061 0.167±0.014 

S8 0.095±0.009 0.171±0.059 0.172±0.014 

Absorbance at 405 nm, PAb of C.gloeosporioides and P. disseminata, a3 days after 

inoculation 

4.7.2.2 Dot immunobinding assay 

For DIBA, total soluble protein extract was prepared from healthy and 

artificially inoculated leaves of eight different morphotypes of som plant.  Dot 

immunobinding assay was performed using these antigen preparations with IgG of C. 

gloeosporioides and P. disseminata. Antigens were spotted carefully on nitrocellulose 

paper and probed with these IgGs. Results have been presented in table 23.  Clear and 

intense colour reactions were observed with homologous antigens, as noted in 
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previous chapter. In case of non-homologous reactions there was vide variations 

among the dots. 

Greater colour intensity was noted in S5 and S6 morphotype with both the 

IgGs which showed susceptible reaction to both the pathogens in varietal tests. On the 

other hand S3 and S7 morphotypes showed insignificant colour reaction with P. 

disseminata IgG and C. gloeosporioides IgG respectively. These were incompatible 

with the respective pathogens. 

The eight different morphotypes of som plant showed differences in disease 

reaction with both the pathogen infections. The results obtained were similar whether 

assessed by traditional methods or by immunological techniques, which conclusively 

proved that S5 and S6 morphotypes are susceptible to both the pathogens. 

 

Table 23: Detection of foliar fungal pathogens in artificially inoculated Som 
leaves using Dot immunobinding assay 

Antigen 

(40µg/ml) 

PAb of P. disseminata PAb of C. gloeosporioides 

Morphotype 

 

Leaf antigen    

Healthy Inoculated 

with P. 

disseminata* 

Healthy Inoculated 

with C. 

gloesporioides* 

S1 + +++ + ++ 

S2 ++ ++++ ++ +++ 

S3 + ++ ++ ++++ 

S4 + ++ ++ +++ 

S5 ++ ++++ ++ ++++ 

S6 ++ ++++ ++ ++++ 

S7 + +++ + ++ 

S8 + +++ + ++++ 

Mycelial antigen 

P. disseminata 

++++ ++ 

C.gloeosporioides +++ ++++ 

Colour intensity of dots: + pink; ++ light violet; +++ violet; ++++ deep violet; 
NBT/BCIP used as substrate; PAb (1:125); * 48hrs after inoculation. 
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4.7.3 Immunolocalization of fungal pathogens in blight infected som leaf tissues 

4.7.3.1 Indirect immunofluorescent antibody staining of infected leaves 
 

Naturally blight infected som leaves were considered for this experiment. 

Cross section of leaves were treated with PAb-Cg and PAb-Pt separately and labelled 

with FITC. Healthy cross sections were autofluorescent along the cuticle (Figure 23A 

and24A). Blight infected leaves showed stong apple green fluorescence with 

respective antibody labelling in the palisade and spongy parenchymatous tissues 

(Figure 23B,Cand 24B,C).  

 

4.7.3.2 Immunogold labelling of blight infected leaves 

Ultrastructural and immunocytochemical studies on leaves affected by the 

grey blight pathogen (P. disseminata) and leaf blight pathogen (C. gloeosporioides) 

showed specific localization of antibody on the fungal cell wall and certain 

intercellular structures.  The purpose of ultrastructural immunocytochemical studies 

was to determine sites of antibody binding on the fungus and also to determine 

whether extracellular binding of the antibody occurred in som leaf tissues infected by 

both the pathogens separately. Fixation had an important effect on the ultrastructural 

quality and antigenic response. Post embedding immunocytochemical labelling of 

healthy and blight infected leaf segments were performed on segments of LR-white 

embedded tissues, previously fixed with 0.1 M Sodium phosphate buffered-

glutaraldehyde (3%) and using PAb-Cg and PAb-Pt and labelled with antirabbit-IgG 

(whole molecule) gold conjugate (5nm). 

Fungal mass in the cellular compartments was intensely labelled by PAb-Cg 

as well as PAb-Pt. In the host cells different degrees of labelling was observed. 

However, in infected tissue, gold particles were predominantly localized (Figure 25 

and 26). The gold particles observed on the surface appeared as either as individual 

spherical particles covering the fungal surface varied in an even distribution or as 

clusters of particles. Sections of host cells severely blight infected were strongly 

labelled confirming the presence of fungus in the cell. Gold labelling in the sections 

showed a high amount of labelling in host cytoplasm and lesser amount in vacuoles, 

mitochondria and walls.  
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Figure 23: Immunofluorescence of naturally infected som leaf tissue treated with 
PAb-Cg and labelled with FITC; Transverse section of (A) Healthy and (B and 
C) infected leaf 
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Figure 24: Immunofluorescence of naturally infected som leaf tissue treated with 
PAb-Pt and labelled with FITC;Transverse section of (A) Healthy and (B and C) 
infected leaf 
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Figure 25: Transmission electron micrograph of infected leaf tissue treated with 
PAb-Cg and labelled with antirabbit-IgG (whole molecule) gold conjugate 
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Figure 26: Transmission electron micrograph of infected leaf tissue treated with 
PAb-Pt and labelled with antirabbit-IgG (whole molecule) gold conjugate 
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4.8 Mycorrhizal association of som plants and immunolocalisation of Arbuscular 

Mycorrhizal Fungi in root tissues 

 

4.8.1 Mycorrhizal association in roots of som plants 

Arbuscular Mycorrhizal Fungal spores collected fromthe rhizospheric region 

of all eight morphotypes (S1-S8) of Som plant were critically 

examined.Morphological features of isolated AMF sporeswere minutely examined 

with special referenceto variation in size, colour, wall thickness, shapeand wall layers. 

Presence of huge diversity inthe population included Glomussp, Scutellosporasp, 

Acaulosporasp and Gigasporasp. Onobservation it was found that presence of 

Glomussp dominated the AM population followed byScutellosporasp, 

Acauolosporasp and Gigasporasp (Figure 27). The detailed description of 

themicroscopic characters of the isolated AMF spores is given in Table 24. The spore 

populationwas highest in S4 morphotype (82%) and least in S8 morphotype (63%) 

(Table 25). 

 

4.8.2 Histopathology and colonization of roots with AMF in som plants 

Mycorrhization pattern of the roots and percent root colonization of all eight 

som plants were determined.Plant species differ in the pattern of AMF 

rootcolonization. Since variations in vesicles, hyphal branching patterns, structure of 

hyphaeand staining intensity of hyphae are different for each genus, it is possible to 

identifyGlomeromycota fungi upto genus level but it is difficult to separate species. 

It was recorded that colonization of roots with AMF was highest in S5 morphotype 

and lowest in S8 morphotype of som plants as shown in Figure 28. Histo-pathological 

analysis of the roots also revealed the presence of intra and inter-radical hyphae, 

arbuscules and vescicles in the root segments indicating the fact that infection of the 

AM spores have taken place (Figure 29). 
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Table 24: Microscopic characters of AMF spores associated with som root 

Genus and Species Colour Shape Spore 
Layer 

Spore 
size 

(µm) 

Other description 

Glomusfasciculatum Pale yellow to 
bright brown 

Globose to 
subglobus 

3 70-120 Spore layer 
continuous 

Glomus mosseae Brown to 
orange brown 

Globose to 
subglobose 

3 200 Hyphae are double 
layered 

Glomusaggregatum Pale yellow Globose to 
oval 

1-2 200-
1800 x 
200-
1400 

Sporocarps formed in 
loose clusters 

Glomus constrictum Brownish 
orange to dark 

brown 

Globose to 
subglobose, 
sometimes 

ovoid 

2 110-
130 x 
150-
160 

Subtending hyphae 
straight or curved, 
usually markedly 
constricted at the 
spore base. 

Gigaspora gigantea Greenish 
yellow 

Globose to 
Subglobose 

2 250-
270 x 
265-
370 

Formed terminally or 
laterally on a bulbous 
sporangenous cell 

Gigaspora margarita Yellowish 
white to 

sunflower 
yellow 

Globose to 
Subglobose 

2 300-
340 x 
360-
380 

Spores produced 
singly in the soil, 
blastically at the tip 
of a bulbous 
sporangenous cell 

Acaulospora bireticulata Brownish Globose 3 280-
410 

Surface 
ornamentation is 
prominent. Spores 
are borne laterally 
from the neck of 
soporiferous saccule 

Acaulospora capsicula Orange red to 
capsicum red 

Globose to 
subglobose 

3 220-
310 x 
290-
440 

Sporiferoussaccule 
pale yellow to 
brownish yellow 
which usually falls 
off when spores 
mature 

Scutellosporapellucida Hyaline white 
to yellow 

brown 

Globose to 
subglobose 

3 120-
240 

Two bi-layered 
hyaline flexible inner 
walls are formed 
during germination 
that readily separate 
from each other and 
from the spore wall. 

Scutellospora rubra Dark orange 
brown to red 

brown 

Globose to 
subglobose 

3 140-
220 

Germinal walls are 
formed completely 
separate from the 
spore wall 
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Figure 27: Mycorrhizal association with eight morphotypes of Som plants grown 
in the experimental field 
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Table 25: AMF spore population in field grown Som plants 

Morphotypes Glomus sp Scutellospora sp Acaulospora sp Gigaspora sp Spore count 
(spores/100g of 

soil)  

S1 +++ ++ + + 72  

S2 +++ ++ + - 70  

S3 ++ +++ + + 79  

S4 +++ ++ + + 82  

S5 +++ +++ - - 75  

S6 +++ ++ - - 80  

S7 ++ ++ + + 77  

S8 +++ ++ - - 63  

Key: + = 0-25%, ++ = 25-50%, +++ = 50-75%, - = Absent 
 

 

 

Figure 28: Root colonization (in percent) with arbuscular mycorrhizal fungi in 
som plants 
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Figure 29: Root colonization of different morphotypes of Som plant with AM 
fungi in experimental field of NBU showing intraradical hyphae (S-1and S-7), 
arbuscules and vesicles embedded in root cells(S-2 and S-8), branched vesicles 
(S-3,S-5 and S-6) and spore with long hyphal attachment (S-4). 
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4.8.3 Immunolocalization of AMF in som root tissues  

4.8.3.1 Indirect immunofluorescence 

PAbs of AMF andgoat antisera specific to rabbitglobulins conjugated with 

FITC were used for indirectimmunofluroscence study to detect the AMF hyphae 

colonization in roottissues of som plants.Roots of som saplings were carefully 

separated, cleaned and inoculated withAMF spores extracted from the rhizosphere of 

som plant. The present investigation was designed to locate colonization of AMF in 

the rhizosphere as well as their cellular localization in root tissues of som. 

On observation under UV- microscope brightapple green fluorescence of the hyphae, 

vesicles and arbuscules within the host tissuewere shown. Fluorescence was more 

prominent towards the cortex layer in most of thetissues which tells us their 

successful colonization in som roots leading towardsinduction of resistance(Figure 

30) 

 

4.8.3.2 Immunogold labelling 

Labeling of AMF treated root segments was performed onsections of LR-

white embedded tissues, previously fixed with 0.1 M sodium phosphate buffered-

glutaraldehyde (2.5%) and using PAb of AMF and labelled with antirabbit-IgG 

(whole molecule) gold conjugate (10nm). AMF treated roots showed the presence of 

gold particles scattered around the cell wall. Gold particles were concentrated 

mostlynear the cell wall and interfacial matrix (Figure 31). Presence of gold particles 

proved that colonization of AMF in som root tissue was viable and that it could be 

easily detected. 
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Figure 30: Indirect immunofluorescence of som root tissue treated with PAb of 
AMF and labelled with FITC 
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Figure 31: Transmission electron micrograph of som root tissue treated with 
PAb-AMF and labelled with antirabbit-IgG (whole molecule) gold conjugate 

 



134 
 

4.9 Molecular detection of foliar fungal pathogens of som plants 

Genomic DNA of both the fungal pathogens Colletotrichum gloeosporioides 

and Pestalotiopsis disseminata weresuspended in 100μl 1X TE buffer treated with 

RNAse (60 μg) until further use. Agarosegel electrophoresis of genomic DNA 

revealed that they were RNA free. Purity of DNAevaluated in terms of the ratio 

between absorbance of A260 and A280 showed that genomicDNA was ~1.8. PCR 

amplification of ITS region of 18 S rDNA was carried out using ITS1 and ITS4, 

universal primers. 

4.9.1Colletotrichumgloeosporioides 

4.9.1.1 18 S rDNA sequence analysis 

The BLAST query of the 18S rDNA sequence of C.gloeosporioidesagainst 

GenBankdatabase confirmed its identity. The sequences have been deposited in 

NCBI, GenBankdatabase under the accession no. KM491736.The sequence 

chromatograms have beenrepresented in Figure 32 . 

4.9.1.2 Multiple Sequence Alignment  

A multiple sequence alignment of ITS gene sequences of 

C.gloeosporioideswas conducted. Sequences of other strains obtained from NCBI 

Genbank database showing maximum homology with our strain was conducted using 

CLUSTAL-W algorithm which is a general purpose multiple sequence alignment 

program for DNA of MEGA-4.1 software. There were quite a number of gaps that 

were introduced in the multiple sequence alignment program within the region that 

were closely related and similar sequence indicated the relationship among the 

isolates. The differences in these highly conserved regions are shown in different 

colours (Figure 33 ).  

4.9.1.3 Phylogenetic analysis 

Phylogenetic analysis was carried out with Ex-type strain sequences obtained 

from NCBI Genbank database which showed maximum homology with 

C.gloeosporioides(KM491736) (Table 26). The evolutionary history was inferred 

using the UPGMA method. The optimal tree with the sum of branch length = 

1.32880262 is shown. The percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (500 replicates)are shown next to the branches.  
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Figure 32:  Chromatogram and sequence deposition of 18S r DNA region of C. 
gloeosporioides (KM491736). 
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Figure 33: Multiple sequence alignments of C. gloeosporioides(KM491736) with 
other extypes isolate. The conserved regions of the gene are demonstrated in 
different colours 
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Table 26:  GenBank accession numbers and geographic location of ex-type 
strains of Colletotrichum species that showed homology with isolate SOM/CL/02 

 

Sl 
No 

Accession No Strain or Isolate rDNA 
Sequence 

Country 

1 KC790943 LC0600 592 bp India 
2 KC790936 MTCC10324 583 bp India 
3 JX076858 IMI176619 432 bp India 
4 KU498272 BRIP 49125 602 bp Australia 
5 KF772134 F10PGBYS01 562 bp China 
6 KM105221 IMI 387103 549 bp Germany 
7 KM105189 Abr 3-1 548 bp Germany 
8 KM105180 CBS 102189 546 bp Germany 
9 KC425661 F15 534 bp Italy 
10 KT285382 COUFAL7300 548 bp Brazil 
11 KU933924 LC03 581 bp China 
12 KC790960 MTCC10326 586 bp India 
13 DQ084498 P-1 560 bp Israel 
14 DQ084497 L38 560 bp Israel 
15 DQ084496 L60 557 bp Israel 
16 DQ084495 L50 557 bp Israel 
17 EF025936 Cm 8 560 bp India 
18 FJ224105 178 752 bp China 
19 KM491736 SOM/CL/02 563 bp India 

 

The evolutionary distances were computed using the Maximum Composite 

Likelihood method and are in the units of the number of base substitutions per site. 

Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing 

gaps and missing data were eliminated from the dataset (Complete deletion option). 

There were a total of 398 positions in the final dataset. Phylogenetic analyses were 

conducted in MEGA4 (Figure 34) 

4.9.1.4 Species specific primer for identification of C. gloeosporioides 

Specific characterization of C. gloeosporioides isolates (SOM/Cl/01, 

SOM/Cl/02, SOM/Cl/03 and SOM/Cl/04) were carried out using Colletotrichum 

gloeosporioides specific primer pair CgInt-ITS4. PCR amplification of 14 different 

isolates of fungal pathogens of som plant was carried out using this specific primer 

pair. Result as presented in figure 35B shows the presence of a single band in lanes 

containing the PCR products of 4 isolates of C. gloeosporioides when run in 1% 

Agarose gel. On comparison with the molecular ladder it was observed that a single 
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band of 480bp was produced by 4 isolates only. According to the literature, these 4 

isolates are C. gloeosporioides isolates since this specific primer pairs only amplifies 

C. gloeosporioides isolates. 

 

Figure 34:  Phylogenetic placement of C. gloeosporioides (KM491736) with other ex-type 
strain sequences obtained from NCBI GenBank Database 

 

Figure 35: PCR amplification of genomic DNA of foliar fungal pathogens, (A) using 
ITS1/ITS4 primer (M – DNA ladder, Cl/02 – C. gloeosporioides isolate, P/01 – P. 
disseminata isolate) (B) using primer pair CgINT/ITS4 (Lane 1-4: Pestalotiopsis isolates, 
Lane 5-10: Bipolaris isolate; Lane 11- 14: Colletotrichum isolates) 
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4.9.2 Pestalotiopsis disseminata 

4.9.2.1 18 S rDNA sequence analysis 

The BLAST query of the 18S rDNA sequence of P.disseminata against 

GenBankdatabase confirmed its identity. The sequences have been deposited in 

NCBI, GenBankdatabase under the accession no. KT697994.The sequence 

chromatograms have beenrepresented in Figure 36. 

4.9.2.2 Multiple Sequence Alignment  

A multiple sequence alignment of ITS gene sequences of P.disseminata was 

conducted. Sequences of other strains obtained from NCBI Genbank database 

showing maximum homology with our strain was conducted using CLUSTAL-W 

algorithm which is a general purpose multiple sequence alignment program for DNA 

of MEGA-4.1 software. There were quite a number of gaps that were introduced in 

the multiple sequence alignment program within the region that were closely related 

and similar sequence indicated the relationship among the isolates. The differences in 

these highly conserved regions are shown in different colours (Figure 37.). 

4.9.2.3 Phylogenetic analysis 

Phylogenetic analysis was carried out with Ex-type strain sequences obtained 

from NCBI Genbank database which showed maximum homology with 

Pestalotiopsis sp (KT697994) (Table 27 ). The evolutionary history was inferred 

using the UPGMA method. The optimal tree with the sum of branch length = 

1.46762707 is shown. The percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (500 replicates) are shown next to the branches. 

The evolutionary distances were computed using the Maximum Composite 

Likelihood method and are in the units of the number of base substitutions per site. 

Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing 

gaps and missing data were eliminated from the dataset (Complete deletion option). 

There were a total of 436 positions in the final dataset. Phylogenetic analyses were 

conducted in MEGA4 (Figure 38). 
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Figure 36: Chromatogram and sequence deposition of 18S rDNA region of 
Pestalotiopsis sp (KT697994) 
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Figure 37: Multiple sequence alignment of Pestalotiopsissp(KT697994) with 
other extypes isolate. The conserved regions of the gene are demonstrated in 
different colour 

 

 



142 
 

 

Table 27:  GenBank accession numbers and geographic location of ex-type 
strains ofPestalotiopsis species that showed homology with isolate IPL/SOM/P/01 

 

Sl 
No 

Accession No Strain or Isolate rDNA 
Sequence 

Country 

1 AY682935 sop753-1023 564 bp China 

2 AY687312 sop766-1026 542 bp China 

3 NR120087 MFLUCC 12-0054 538 bp Thailand 

4 KJ023088 HGUP4301 534 bp China 

5 KJ023087 HGUP4301 622 bp China 

6 JQ683724 MFLUCC12-0054 538 bp Thailand 

7 AY687300 162417 530 bp China 

8 JN542546 L1 548 bp - 

9 KM199341 CBS 434.65 593 bp USA 

10 KM199310 CBS 114138 604 bp New Zealand 

11 KM199298 CBS 114141 596 bp Australia 

12 KJ503820 MFLUCC13-0915 622 bp China 

13 KJ503813 MFLUCC12-0125 553 bp Thailand 

14 KJ503812 MFLUCC12-0121 551 bp Thailand 

15 KJ503811 MFLUCC12-0314 598 bp Thailand 

16 KF412648 1443274 598 bp China 

17 AY687870 PSH2000I-066 560 bp China 

18 GU183121 NRRL 36915 1113 bp Georgia 

19 HQ607992 CY152 629 bp Texas 

20 KT697994 IPL/SOM/P/01 521 bp India 

 

 



143 
 

 

 
 

Figure 38: Phylogenetic placement of Pestalotiopsis sp(KT697994) with other ex-
type strainsequences obtained from NCBI GenBank Database 
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4.10 Molecular characterization of isolates of foliar fungal pathogens 

4.10.1 RAPD analysis 

Genomic DNA of different isolates of C. gloeosporioides and P. disseminata 

was amplified using ITS1/ITS4 primers. Polymerase Chain Reaction wasperformed in 

a total volume of 100 μl, containing 78 μl deionized water, 10 μl 10 X Taqpol buffer, 

1 μl of 1 U Taq polymerase enzyme, 6 μl 2 mMdNTPs, 1.5 μl of 100 mMreverse and 

forward primers and 1 μl of 50 ng template DNA.The genetic relatedness among the 

isolates were analysed by random primers to generate reproducible polymorphism. 

Among the three different primers (OPA-1, OPD-6 and OPD-12), OPD-6 and OPD-

12 did not produce any polymorphic bands. However OPA-1 produced a total of 22 

bands out of which 6 bands were polymorphic. The RAPD profile showed that primer 

OPA-1 showed maximum polymorphism among the different isolates of C. 

gloeosporioides and P. disseminata (Table 28). Relationships among the isolates were 

evaluated by cluster analysis of the data based on the similarity matrix. Based on the 

results obtained all the eight isolates can be grouped into two main clusters. RAPD 

banding pattern revealed that the isolates of C. gloeosporioides and P. disseminata 

were genetically different and showed polymorphism among each other (Figure39). 

 

Table 28: Total number of polymorphic bands produced by different RAPD 

primers 

 

Primer No. of RAPD products (bands) 

Total bands Polymorphic bands % polymorphism 

OPA-1 22 6 27% 

OPD-6 16 0 - 

OPD-12 16 0 - 

 

4.10.2 DGGE analysis 

DGGE is an electrophoretic technique that efficiently separates DNA 

molecules according to their size, as wellas sequence differences. Analysis of genetic 

diversity among different isolates of Pestalotiopsis and Colletotrichum was evaluated 

on the basis of the sequence difference between their conserved sequences.   
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Figure 39: RAPD-PCR analysis of Colletotrichum and Pestalotiopsis isolates of som plant 
using primers (A) – OPD-12, (B) - OPA-1 and (C) - OPD-6. Lane M – DNA ladder, Lane 
1-4 C.gloeosporioides isolates (SOM/Cl/01, SOM/Cl/02, SOM/Cl/03, SOM/Cl/04), Lane 5 
– 8 P. disseminata isolates (IPL/SOM/P/01, IPL/SOM/P/02, IPL/SOM/P/03, 
IPL/SOM/P/04) 

  

For this the ITS (18S rDNA  gene sequences of fungal genome) were 

amplified using a special set of primers, forward primer containing GC clamp at 5’ 

end (F352T: 5’ – CGC_CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA 

CGG GGG GAC TCC TAC GGG TGG C – 3’ and 519r: 5’ – ACC GCG GCT GCT 

GGC AC – 3’).The amplified products were then electrophoresed in a perpendicular 

DGGE performed with “The Decode Universal Mutation Detection System” (BioRad 

Laboratories, USA). A series of gradient ranging from 0-100%, 0-50%, 10-80% and 

20-60% was utilized for optimizing a suitable concentration for analyzing the 

amplicons. 

Denaturing Gradient Gel electrophoresis analysis of four different isolates of 

Colletotrichum gloeosporioides (SOM/Cl/01, SOM/Cl/02, SOM/Cl/03, SOM/Cl/04) 

and four isolates of Pestalotiopsis disseminata (SOM/P/01, SOM/P/02. SOM/P/03, 

SOM/P/04) was assessed using the GC flung primers as mentioned above. The 

uniform PCR product of 300bp was obtained. The DGGE electrophoresis yielded a 

uniform and unique banding pattern of each group of organism. In this uniform 
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gradient gel of 20-60%, the banding pattern among the four isolates each of P. 

disseminata and C. gloeosporioides were identical to that of the reference isolates 

used for confirmation (Figure 40). Out of these eight isolates, only one of P. 

disseminata (SOM/P/01, KT697994) and one of C. gloeosporioides (SOM/Cl/02, 

KM491736) has been sequenced and their GC content known. These two isolates 

were taken as reference isolates. The eight isolates have been separated into two 

distinct groups based on the migration rate of their amplified 18S fragment following 

DGGE. The amplified bands of C. gloeosporioides migrated faster than those of P. 

disseminata. This is due to the GC content of the isolates where the GC content of 

C.gloeosporioides is 52% and P. disseminata isolate is 42%. DNA with higher GC 

content will always migrate faster in denaturing gel. Themigration of amplified 18S 

rDNA samples within each group was similar, suggesting that therewas little 

intraspecific variation among the isolates.  

 

Figure 40: Denature Gradient Gel Electrophoresis of the ITS-PCR amplified products 
of isolates of Colletotrichum gloeosporioides (Lane 1-4; SOM/Cl/01, SOM/Cl/02, 
SOM/Cl/03, SOM/Cl/04) and Pestalotiopsis disseminata (Lane 5-8; IPL/SOM/P/01, 
IPL/SOM/P/02, IPL/SOM/P/03, IPL/SOM/P/04). (A) – ITS-PCR products, 300bp; (B) – 
Gradient 20-60%, 8hrs run, 100V 
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4.11 Determination of activity of defense enzymes in som leaves infected 

naturally with foliar fungal diseases  

4.11.1 Peroxidase 

Peroxidases are members of a large group of heme-containing glycoproteins 

that catalyze oxidoreduction between hydrogen peroxide and various reductants. They 

have an absolute requirement of hydrogen peroxide as electron donor. Peroxidases are 

implicated to play multiple roles in plant-pathogen interactions. In case of peroxidise 

activity (quantitative analysis) o-dianisidine was used as substrate and its oxidation 

was monitored spectrophotometrically. For qualitative profiling of POX isozymes 

benzidine, another aromatic diamine, was used as a substrate. It gave rise to distinct 

blue coloured bands after separation of enzyme extract by Native PAGE and staining. 

Peroxidase specific activity was assessed in healthy and naturally infected som leaf 

tissues for the eight different som morphotypes. The results are presented in figure 

41(A) where it can be noticed that peroxidase activity has increased in all infected leaf 

samples when compared with their respective healthy samples. Highest amount of 

activity was seen in infected leaves of S7 morphotype and lowest in S8 morphotype. 

4.11.1.1 Peroxyzyme analysis 

Peroxidase variations have been reported to be used as genetic markers at 

different levels within a taxon. Hence at the onset peroxyzyme analysis for all the 

eight morphotypes of som was studied.  It was seen that there was a lot of variations 

among the different isozymes present in each morphotypes shown as different bands 

present. However two bands with Rm value 0.28 and 0.53 were seen common in all 

morphotypes. 

In order to reveal changes in the isozyme patterns on infection, Native PAGE 

was performed in 4 morphotypes (S3, S5, S6 and S7) according to the percentage 

disease incidence. Three bands (3, 4 and 5) with Rm values 0.23, 0.45 and 0.57 

respectively were present in both healthy as well as in infected leaf samples of  S3, S5 

and S6 morphotypes but extra bands (1, 2 and 6) with Rm values 0.11, 0.17 and 0.82 

respectively were present only in infected leaf samples. (Figure 42A).However  

peroxyzyme analysis of healthy and infected leaves of S7 morphotype revealed the 

presence of a new band in infected leaf samples correspondingto Isozyme 1 being 

produced in infected leaves and not in healthy samples, shown in Figure 42B.Isozyme 

2 was produced in both healthy and infectedsamples. 
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Figure 41: Analysis of defense enzymes in healthy and C. gloeosporioides infected 
leaves of som morphotypes; A – Peroxidase; B – PAL; C – Chitinase, D - β 

1,3Glucanase 
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Figure 42: (A and B) – Peroxyzyme analysis of healthy and infected leaves of som 
morphotypes. 
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4.11.2 Phenylalanine ammonia lyase 

Phenylalanine ammonia lyase (PAL) enzyme activity was measured in healthy 

and infected som leaves for all the eight morphotypes. As shown in the figure 41(B).  

PAL activity was more in infected leaves than in healthy leaves. Highest activity was 

seen in S7 morphotype and least in S6 morphotype. The enzyme activity correlates 

with disease incidence in all the morphotypes. 

4.11.3 Chitinase 

Chitinase enzyme is one of the important PR proteins involved in defense 

mechanism of plants. This enzyme was also analysed for healthy and infected leaves 

of all eight morphotypes of som plants. It was seen that infected leaves had increased 

activity of the enzyme than the healthy leaves. However in S6 morphotype the levels 

were almost same for both the samples. Highest increase of enzyme was seen in S7 

morphotype correlating the fact the disease establishment was also high in this 

particular morphotypes (Figure 41C). 

4.11.4 β 1,3 Glucanase 

β 1,3 Glucanase activity was also measured in healthy and blight infected 

leaves. In this case also increase of enzyme activity was noted in infected leaves of all 

morphotypes but the highest was in S7 morphotype. However the enzyme activity did 

not increase much in infected leaves when compared with their corresponding healthy 

leaves (Figure 41D). 

 

4.12 Analysis of diffusible compounds in som following natural infection with 

pathogens 

4.12.1 Changes in the levels of phenolics 

4.12.1.1 Total Phenol 

Total phenols were estimated in healthy and naturally infected som leaves. It 

was observed that total phenol content increased in infected leaves in al morphotypes. 

However accumulation of total phenol was more in those morphotypes where disease 

incidence was less. Highest accumulation of total phenol was seen in S7 morphotype 

and lowest was seen in S6 morphotype as evident in table 29. 

4.12.1.2 Orthophenol Content 

Orthodihydroxy phenol content was also estimated for healthy and infected 

som leaves of all morphotypes. Table 29 revealed that the highest accumulation of 
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Ortho phenol was seen in S7 morphotype and least was seen in S6 morphotype. These 

results are similar to total phenol variation in healthy and infected leaves. 

 

Table 29: Total and Ortho-phenol content in healthy and infected leaves 

Morphotype Total Phenol Content (mg/g tissue) Ortho-phenol Content (mg/gtissue) 

Healthy Infected Healthy Infected 

S1 3.90±0.12 5.60±0.15 2.35±0.05 3.75±0.03 

S2 2.50±0.36 5.20±0.11 1.80±0.03 3.50±0.03 

S3 2.90±0.22 3.20±0.11 1.25±0.05 2.25±0.02 

S4 3.60±0.16 4.50±0.12 2.25±0.04 3.25±0.05 

S5 2.80±0.19 4.20±0.16 1.25±0.03 3.25±0.01 

S6 2.20±0.11 2.50±0.14 1.36±0.02 2.75±0.04 

S7 3.25±0.12 6.65±0.13 2.00±0.04 4.50±0.01 

S8 3.29±0.14 4.80±0.11 1.63±0.05 3.25±0.01 

CD(P=0.05) Treatments              0.912             

Morphotype            1.824 

Treatments              0.421             

Morphotype            0.843 

 

4.12.2 Studies on biological activities of leaf diffusates 

The diffusates were collected from leaves of all morphotypes of som plants 

showing variable degree of susceptibility towards the leaf blight disease. Their effect 

on spore germination and appressoria formation of Colletotrichum 

gloeosporioideswas tested in vitro. The diffusates from all morphotypes were 

fungitoxic (Table 30). Percentage inhibition of spore germination as well as 

appresoria formation was highest in S7 morphotypes indicating the fact that the 

diffusate of that morphotypehas some potential fungitoxicity that is inhibiting the 

growth of the particular organism. 
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Table 30: Effect of leaf diffusate of som morphotypes on spore germination and 
appressoria formation of C. gloeosporioides 

 
Morphotype Spore 

germinationa, 
% 

Inhibition of 
spore 
germination, 
% 

Appressoriaform
ationa, % 

Inhibition of 
appressoria 
formation, 
% 

Control 83.5±1.2 - 65.0±1.8 - 

S1 9.5±1.6 89 4.2±1.6 94 

S2 6.5±1.3 92 0 100 

S3 43.2±1.4 48 20.5±1.2 68 

S4 24.2±1.8 73 8.3±1.1 87 

S5 39.5±1.1 53 13.8±1.6 79 

S6 45.0±1.5 46 24.6±1.8 62 

S7 4.5±1.2 94 0 100 

S8 35.2±1.6 58 10.2±1.1 84 

aAverage of 200 spores  

4.12.3 High performance Liquid Chromatography 

Phenolic acids present in healthy and infected leaves were further analysed 

using HPLC. Peak 1,2 and 3 are present both in healthy and infected leaves but the 

height of these peaks increased markedly in infected leaves in comparison with 

healthy leaves indicating an increase of these phenolic acids following infection. Peak 

4 is present in healthy sample but disappeared in infected leaf samples. It is 

interesting to note that five new peaks viz 5,6,7,8 and 9 were evident in infected 

samples but all these peaks were absent in healthy leaf samples indicating that these 

phenolic acids might play an important role in defense mechanism of the plant against 

infection. When compared to standard phenolic acid it was confirmed that Peak 1, 2, 3 

and 4 represented Resorcinol, Catechol, Morin and Chlorogenic acid respectively 

whereas peak 5 and 7 represented ferulic acid and peak 6 represented salicylic acid. 

(Table 31, Figure 43). Peak 8 and 9 was present only in infected samples and not in 

healthy samples. When compared with authentic phenolic acids these two peaks could 

not be identified. 



153 
 

Table 31: Retention time and peak heights of phenolics from healthy and 
infected leaf sample of S7 morphotype analyzed by HPLC 

Sample Peak no Retention time Height 

 

Healthy 

1 9.960 79.284 

2 13.310 190.922 

3 14.890 508.657 

4 21.400 42.346 

 

 

 

 

Infected 

1 9.990 339.562 

2 13.250 698.064 

3 14.720 945.181 

5 25.650 237.487 

6 26.680 491.245 

7 29.340 89.340 

8 30.820 68.346 

9 34.890 46.420 
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Figure 43: (A-E) HPLC profile of standard phenolic acids; A – Resorcinol, B – 
Catechol, C – Salicylic acid, D – Chlorogenic acid, E – Ferulic acid;  (F-G )HPLC  
analysis of phenolic acids in leaves of Som plant; F – Healthy leaf, G – Infected 
leaf (1 – Resorcinol, 2 – Catechol, 3 – Chlorogenic acid, 4 – Morin, 5 and 7 – 
Ferulic acid, 6 – Salicylic acid 
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4.13 Antagonistic activity of selected bioinoculants against pathogens 

 

4.13.1 Plant Growth Promoting Rhizobacteria(PGPR) 

Two isolates of PGPR, Bacillus pumilus (BRHS/C1) and B. altitudinus 

(BRHS/S 73) showed growth promoting activity for eight different morphotypes of 

som plants. Hence these bacterial isolates were taken into consideration for testing 

their antagonistic activity against the two foliar fungal pathogens C. gloeosporioides 

and P. disseminata. For each of the antagonistic tests, 5mmdisc of pathogen isolates 

were taken from 5 days old culture and placed at the periphery of the petri plate and 

the bacterial isolate was streaked on the other side of the plate. The result of 

interaction is presented in Table 32 and figure 44. Both bacterial isolates could inhibit 

the growth of fungal pathogens markedly, however B. pumilus (BRHS/C1) inhibited 

the growth of C.gloeosporioides and B. altitudinus (BRHS/S 73) could inhibit the 

growth of P. disseminata more prominently than the other pathogen respectively.    

Table 32: In vitro antagonistic test of selected PGPR isolates against foliar fungal 
pathogens 

Interacting microorganisms Diameter of fungal 

colony 

% inhibition 

C. gloeosporioides 8.6±0.09 - 

C. gloeosporioides + B. pumilus (BRHS/C1) 3.8±0.12 55.8 

C. gloeosporioides + B. altitudinus (BRHS/ 

S73) 

5.6±0.18 34.8 

P. disseminata 8.8±0.10 - 

P. disseminata + B. pumilus (BRHS/C1) 3.6±0.16 59.0 

P. disseminata + B. altitudinus (BRHS/ S73) 6.2±0.14 29.5 

Average of three replicates; ± Standard error 
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Figure 44: In vitro antagonistic test of PGPR and PGPF against C. 
gloeosporioides isolate (SOM/Cl/02), (A) – C. gloeoesporiodes culture grown alone 
in PDA, (B) – interaction with B. pumilus, (C) interaction with T. harzianum 
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4.15.2 Antagonistic effect of PGPF 

Two isolates of Trichoderma, one T. harzianum and another of T. asperellum was 

taken into consideration for checking their antagonistic effect against the two foliar 

pathogen of som C. gloeosporioides and P. disseminata. For each of the antagonistic 

tests, 5mm disc of fungal isolates were taken from 5 days old culture and placed at the 

periphery of the petri plate. Similarly, agar disc of 5 mm from pathogen culture was 

placed in the same petri plate on the opposite end. The percent inhibition in the radial 

colony wascalculated by the following formula- 

Percent inhibition = C-T/CX100,  

Where C= radial growth in control set and T= radial growth in treated set. 

Their interactions in inhibition percentage was recorded and enlisted in Table 33. T. 

harzianum isolate showed more profound inhibitory effect against the fungal 

pathogens than T.asperellum isolate (Figure 45). 

 

Table 33: In vitro antagonistic test of selected PGPF isolates against foliar fungal 
pathogens 

 

Interacting microorganisms Diameter of 

fungal colony 

% 

inhibition 

C. gloeosporioides 8.6±0.09 - 

C. gloeosporioides + T. harzianum (RHS/480) 1.8±0.11 79 

C. gloeosporioides + T. asperellum (RHS/S569) 3.2±0.15 62.7 

P. disseminata 8.8±0.10 - 

P. disseminata + T. harzianum (RHS/480) 2.2±0.16 75 

P. disseminata + T. asperellum (RHS/S569) 1.4±0.14 84 

Average of three replicates; ± Standard error 
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Figure 45: In vitro antagonistic test of PGPR and PGPF against against P. 
disseminata isolate (IPL/SOM/P/01), (A) – P. disseminata culture grown alone in 
PDA, (B) – interaction with B. pumilus, (C) interaction with T. harzianum 
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4.14 Growth promotion and biochemical changes in som plants following 

application of bioinoculants 

Growth promotion in eight different morphotypes of som plants were checked 

following their treatment with bioinoculants viz. PGPR (B.pumilius, B. altitudinus), 

PGPF (T.hazianum, T.asperellum) and AMF (Consortium of Glomus and Gigaspora). 

These different bioinoculants were added to the soil at different time interval as 

mentioned in Materials and Methods. Effect of their application on growth and 

biochemical changes in som plants were noted under both nursery and field 

conditions. 

 

4.14.1 Application of PGPR and AMF 

4.14.1.1 Growth promotion 

The effect of treatment with B. pumilus(BRHS/C1) and AMFpopulation, either alone 

or in combination, on growth ofeight different morphotypes of the som plants 

wasvariable. Significant increase in height, number of leavesand lateral branches were 

observed in all the treatmentsin comparison to their control 30 and 60 d 

afterinoculation in potted plants (Table 34). In field grownplants growth was recorded 

after 60 d of inoculationwith PGPR and AMF, either alone or in combination. Allbio 

treated plants showed enhanced growth over the control plants (Figure 46).Under the 

field condition, the growth was highest inthe plants treated with both AMF and B. 

pumilus60dtreatment compared to the control and other treatments. Among the 

different morphotypes, significant increase inheight was observed in plants treated 

with combinationof AMF and PGPR whereas number of leaf was morewhen plants 

were inoculated with either of thebioinoculants alone. However, differences among 

thedifferent morphotypes were not significant indicatingthat all morphotypes 

responded similarly to PGPR andAMF. 

 

4.14.1.2 Biochemical changes 

The protein content wassignificantly higher in plants with dual treatment than 

thesingly treated plants and control (Table 35). In case ofphenolics, both the total and 

orthophenol content in theleaves of the treated plants were found to be almostsimilar 

when either treatment was applied. However,significantly higher phenol content was 

recorded inplants following dual application of the inoculants.Analysis of variance 

revealed significant differencesbetween morphotypes and treatments. 
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Table 34: Growth promotion of pot grown som plants following treatment with 
PGPR and AMF  

 ( ) Parenthesis denotes percentage increase in relation to control 

Morphotype Treatment Height (cm) 
After 

No. of leaves 
after 

No. of Branches 
After 

30 days 60 days 30 days 60 days 30 days 60 days 
S1 Control 24 29 17 22 2 3 

PGPR 52 (116) 54 (86) 49(188) 60(172) 4(100) 5(66) 
AMF 30 (25) 66(127) 26(52) 52(136) 5(150) 6(100) 

PGPR+AMF 42 (75) 97(234) 29(70) 35(59) 3(50) 4(33) 
S2 Control 26 28 12 10 1 1 

PGPR 53(103) 59(110) 37(208) 52(420) 3(200) 4(300) 
AMF 29(11) 31(10) 16(33) 42(320) 4(300) 5(400) 

PGPR+AMF 36(38) 69(146) 18(50) 32(220) 3(200) 4(300) 
S3 Control 26 28 10 25 0 3 

PGPR 59(126) 67(139) 42(320) 77(208) 5(500) 8(166) 
AMF 48(84) 69(146) 22(120) 51(104) 2(200) 6(100) 

PGPR+AMF 53(103) 94(235) 45(350) 62(148) 3(300) 6(100) 
S4 Control 24 26 9 15 2 2 

PGPR 39(62) 50(92) 35(288) 76()406 3(50) 5(150) 
AMF 30(25) 49(88) 21(133) 62(313) 2(0) 4(100) 

PGPR+AMF 46(91) 95(265) 30(233) 65(333) 4(10) 8(300) 
S5 Control 26 31 9 22 3 3 

PGPR 60(130) 72(132) 35(288) 46(109) 5(66) 5(66) 
AMF 53(103) 70(125) 32(255) 50(127) 5(66) 6(100) 

PGPR+AMF 69(165) 93(200) 40(344) 55(150) 5(66) 5(66) 
S6 Control 10 14 6 16 0 0 

PGPR 41(310) 48(242) 30(400) 55(243) 2(100) 4(400) 
AMF 23(130) 55(292) 19(216) 58(262) 1(200) 4(400) 

PGPR+AMF 33(220) 71(335) 21(250) 52(225) 2(100) 4(400) 
S7 Control 30 30 17 18 2 2 

PGPR 45(50) 48(60) 22(29) 31(752) 2(0) 3(50) 
AMF 34(13) 40(33) 22(29) 40(122) 2(0) 4(100) 

PGPR+AMF 44(46) 82(173) 48(182) 55(205) 4(100) 8(300) 
S8 Control 10 25 5 10 0 0 

PGPR 59(490) 63(152) 18(260) 35(250) 5(500) 5(500) 
AMF 21(110) 61(144) 12(140) 30(200) 3(300) 4(400) 

PGPR+AMF 23(130) 68(172) 15(200) 43(330) 2(200) 3(300) 
CD 

(P=0.05) 
Treatments 7.62 9.21 10.06 10.04 1.14 1.54 

Varieties 10.78 13.02 14.23 14.20 1.62 2.17 
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Figure 46: Growth enhancement in som plants in field following treatment with 
AMF and PGPR singly and jointly 
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Table 35: Protein and phenol content in som plants following treatment with 
PGPR and AMF 

 

 

 

 

 

Morphotype Treatment Total Phenol 
content 

(mg/ gtissue) 

Orthophenol 
Content 

(mg/gtissue) 

Total Soluble protein 
Content  

(mg/gtissue) 

S1 Control 
PGPR 
AMF 

PGPR+AMF 

3.90 
6.50 
6.25 
8.75 

2.35 
5.25 
5.55 
6.75 

42.00 
65.00 
85.00 

115.00 
S2 Control 

PGPR 
AMF 

PGPR+AMF 

2.50 
4.25 
5.00 
5.69 

1.90 
2.65 
2.05 
3.00 

36.00 
72.00 
90.00 

107.00 

S3 Control 
PGPR 
AMF 

PGPR+AMF 

2.90 
4.25 
4.75 
5.83 

1.25 
2.26 
2.95 
3.25 

35.40 
77.00 
90.00 

125.00 
S4 Control 

PGPR 
AMF 

PGPR+AMF 

3.60 
5.65 
4.80 
6.80 

2.25 
3.25 
3.45 
4.50 

43.60 
64.00 
82.80 
97.50 

S5 Control 
PGPR 
AMF 

PGPR+AMF 

2.80 
4.50 
4.25 
5.00 

1.25 
2.75 
3.30 
4.00 

34.00 
72.00 
90.00 

115.00 
S6 Control 

PGPR 
AMF 

PGPR+AMF 

4.20 
7.65 
6.50 
8.19 

2.00 
4.65 
5.80 
6.50 

32.90 
75.00 
92.00 

105.00 

S7 Control 
PGPR 
AMF 

PGPR+AMF 

3.25 
5.35 
4.65 
6.25 

1.63 
3.78 
2.45 
4.00 

44.80 
69.00 
84.00 
95.00 

S8 Control 
PGPR 
AMF 

PGPR+AMF 

3.29 
6.39 
6.00 
7.36 

2.36 
4.04 
3.96 
5.00 

35.40 
65.00 
77.00 
86.00 

CD 
(P=0.05) 

Treatments                   0.49                           1.05                                  7.14 

Varieties 0.69 1.49 10.10 
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4.14.2Application of Vermicompost with value addition(PGPR and AMF) 

Som plants were also treated with Vermicompost, PGPR (B.altitudinus) and AMF 

(G.constrictum) singly and in combination to check their effect on growth promotion 

and biochemical changes of som plants. 

 

4.14.2.1 Growth promotion 

Growth promotion in terms of height, no. of leaves and no. of lateral branches was 

recorded after 45 days of treatment. In all morphotypes, growth was significantly 

increased in treated plants in comparison to their respective control plants. Growth 

was observed to be highest in case of triple treatment of bioinoculants (Table 

36,Figure 47 and 48). 

 

4.14.2.2 Biochemical changes 

Total soluble protein was quantified in leaves of control and treated som plants where 

it was noticed that protein content increased in leaves following the treatments. 

However the content was more in case of dual treatment of Vermi and PGPR as well 

as triple treatment when compared to control and single treatment.Total phenol 

content also increased in leaves following treatment and it was recorded to be highest 

in S3 and S4 morphotypes as shown in figure 49. 

Four major defense enzymes were also studied in leaves of som plants following 

different treatments. It was observed that PAL, POX, CHT as well as GLU increased 

in all treatments than in control sets. Highest increased was seen in dual and triple 

treatment irrespective of morphotypes (Figure 50). 
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Table 36: Growth promotion in som plants following treatment with 
Vermicompost, PGPR and AMF, singly and jointly 

( ) Parenthesis denotes percentage increase in relation to control 

Morphotype Treatment Height (cm) No. of 
leaves  

No. of 
Branches  

S1 Control 29 22 3 
Vermi 54(89) 60(172) 5(66) 

G. constrictum 66(127) 52(136) 6(10) 
B.altitudinus 64(120) 35(59) 5(66) 

B.altitudinus +Vermi 97(234) 35(59) 4(33) 
Vermi+G.constrictum +B.altitudinus 99(241) 63(186) 8(166) 

S2 Control 28 10 1 
Vermi 59(110) 33(330) 4(300) 

G. constrictum 31(10) 42(320) 5(400) 
B.altitudinus 31(10) 43(330) 6(500) 

B.altitudinus +Vermi 59(110) 32(220) 4(300) 
Vermi+G.constrictum +B.altitudinus 69(146) 52(420) 6(500) 

S3 Control 28 25 3 
Vermi 67(139) 63(152) 8(166) 

G. constrictum 69(146) 51(104) 6(100) 
B.altitudinus 67(139) 55(120) 7(133) 

B.altitudinus +Vermi 67(139) 62(148) 6(100) 
Vermi+ G.constrictum+B.altitudinus 94(235) 77(208) 8(166) 

S4 Control 26 15 2 
Vermi 50(92) 64(326) 5(150) 

G. constrictum 50(92) 63(320) 5(150) 
B.altitudinus 49(88) 62(313) 4(100) 

B.altitudinus +Vermi 54(107) 65(333) 8(300) 
Vermi+G.constrictum +B.altitudinus 95(265) 76(406) 9(350) 

S5 Control 31 32 3 
Vermi 72(132) 46(43) 5(66) 

G. constrictum 71(129) 53(65) 6(100) 
B.altitudinus 70(125) 55(71) 6(100) 

B.altitudinus +Vermi 73(135) 50(56) 5(66) 
Vermi+G.constrictum +B.altitudinus 93(200) 57(78) 7(133) 

S6 Control 14 16 1 
Vermi 48(242) 55(243) 4(300) 

G. constrictum 55(292) 54(237) 4(300) 
B.altitudinus 56(300) 58(262) 3(200) 

B.altitudinus +Vermi 60(328) 52(225) 4(300) 
Vermi+G.constrictum +B.altitudinus 71(407) 59(268) 5(400) 

S7 Control 30 18 2 
Vermi 48(60) 31(72) 3(50) 

G. constrictum 40(33) 40(122) 4(100) 
B.altitudinus 41(36) 43(138) 5(150) 

B.altitudinus +Vermi 49(63) 55(205) 8(300) 
Vermi+G.constrictum +B.altitudinus 82(173) 56(211) 9(350) 

S8 Control 25 20 1 
Vermi 64(156) 54(170) 4(300) 

G. constrictum 61(144) 60(200) 5(400) 
B.altitudinus 62(148) 55(175) 6(500) 

B.altitudinus +Vermi 63(152) 53(165) 3(200) 

Vermi+G.constrictum +B.altitudinus 68(172) 63(215) 8(700) 
CD (P=0.05) Treatment 

Morphotype 
9.308 
10.748 

8.890 
10.265 

1.395 
1.611 
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Figure 47: Growth promotion of som plants in glass house conditions after 
45days of treatment with Bacillus altitudinus 
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Figure 48: Growth promotion in som plants after 45 days of treatment with 
bioinoculants [Row 1 – Vermi+B.altitudinus+G.constrictum; Row 2 – 
Vermi+B.altitudinus; Row 3 - Vermi; Row 4 – B.altitudinus; Row 5 – 
G.constrictum; Row 6 – Control] 

 

Figure 49: Total soluble protein (A) and Total phenol (B) contents in som plants 
following treatments with Vermicompost, PGPR and AMF 
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Figure 50: Activities of defense enzymes (A) PAL, (B) POX, (C) CHT and (D) 
GLU in leaves of som plants following treatment with value added 
Vermicompost 
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4.14.3 Application of PGPR, PGPF and AMF 

Eight different morphotypes of Som plant were grown in pots under nursery 

conditions. They were treated with bioinoculants, viz, PGPR, AMF and PGPF in 

single, dual and triple combinations. 

4.14.3.1 Growth promotion 

Growth enhancement, in terms of height, no. of leaves and no. of branches 

were measured after 30 and 60 days of the final PGPR treatment. The result as shown 

in Table 37 revealed that growth was significantly improved after each treatment but 

best growth was obtained in S5 and S6 morphotypes after application of joint 

treatment with the three bioinoculants.  Growth promotion was almost 4 fold 

increased following treatment in these two morphotypes.  

4.14.3.2 Biochemical changes 

Changes in levels of total and ortho-phenols were observed in plants treated 

with all the different inoculants under potted condition. Total soluble protein content 

also increased in treated plants in comparison to control sets. Triple treatment showed 

better results than dual or single treatment as shown in Figure 51. 

Activities of four important defenceenzymes (POX, PAL, CHT and GLU), 

48h following last application of PGPR from leaves grown in pot revealed that 

activity of these enzymes increased following treatment in comparison to untreated 

control plants. Joint treatment of all bioinoculants yielded the best results than the 

other combinations (Figure 52). 

4.15 Activation of defense response of som plants against phytopathogens 

following application of bioinoculants 

 

4.15.1 Effect of PGPR, PGPF and AMF against Colletotrichum gloeosporioides 

The disease management approach for leaf blight disease of som plants was 

initially done using different combinations of bioinoculants such as PGPR (B. 

pumillus), PGPF (T.harzianum) and AMF (combination of Glomus and Gigaspora). 

These bioinoculants were used singly, jointly as well as in triple combination to check 

whether they reduce the disease in the plants. After 48 hrs of artificial inoculation of 

spore suspension of C. gloeosporioides, the activity of defense enzymes were checked 

and percent disease index (PDI) was calculated after 21 days of spray.  
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Table 37: Growth promotion in different morphotypes of som plants following 
application of PGPR, AMF and PGPF 

Morphotype Treatment Height (cm) 
After 

No. of leaves 
after 

No. of Branches 
After 

30 days 60 days 30 days 60 days 30 days 60 days 
S1 Control 24 29 17 22 2 3 

PGPR 52(116) 54(86) 49(188) 60(172) 4(100) 5(66) 
AMF 30(25) 66(127) 26(52) 52(136) 5(150) 6(100) 
PGPF 31(29) 64(120) 25(47) 35(59) 4(100) 5(66) 

PGPR+AMF 42(75) 97(234) 29(70) 35(59) 3(50) 4(33) 
PGPF+AMF 43(79) 68(134) 32(88) 36(63) 3(50) 5(66) 
PGPR+PGPF 53(120) 95(227) 31(82) 53(140) 4(100) 6(100) 

PGPR+PGPF+AMF 55(129) 99(241) 52(205) 63(186) 6(200) 8(166) 
S2 Control 26 28 12 10 1 1 

PGPR 53(103) 59(110) 37(208) 52(420) 3(200) 4(300) 
AMF 29(11) 31(10) 16(33) 42(320) 4(300) 5(400) 
PGPF 28(7) 31(10) 17(41) 43(330) 5(400) 6(500) 

PGPR+AMF 36(38) 69(146) 18(50) 32(220) 3(200) 4(300) 
PGPF+AMF 37(42) 59(110) 31(158) 33(230) 4(300) 6(500) 
PGPR+PGPF 54(107) 67(139) 31(158) 54(440) 5(400) 7(600) 

PGPR+PGPF+AMF 56(115) 69(146) 38(216) 55(450) 6(500) 8(700) 
S3 Control 26 28 10 25 1 3 

PGPR 59(126) 67(139) 52(420) 77(208) 5(400) 8(166) 
AMF 48(84) 69(146) 22(120) 51(104) 2(100) 6(100) 
PGPF 47(80) 67(139) 23(130) 55(120) 3(200) 8(166) 

PGPR+AMF 53(103) 94(235) 45(350) 62(148) 3(200) 6(100) 
PGPF+AMF 54(107) 67(139) 41(310) 63(152) 5(400) 7(133) 
PGPR+PGPF 61(134) 92(228) 43(330) 57(128) 6(500) 9(200) 

PGPR+PGPF+AMF 64(146) 94(235) 64(540) 78(212) 7(600) 12(300) 
S4 Control 24 26 9 15 2 2 

PGPR 39(62) 50(92) 45(400) 76(406) 3(50) 5(150) 
AMF 30(25) 49(88) 21(133) 62(313) 2(0) 4(100) 
PGPF 31(29) 50(92) 25(177) 63(320) 3(50) 5(150) 

PGPR+AMF 46(91) 95(265) 30(233) 65(333) 4(100) 8(300) 
PGPF+AMF 45(87) 54(107) 33(266) 64(326) 6(200) 9(350) 
PGPR+PGPF 42(75) 76(192) 35(288) 65(333) 8(300) 10(400) 

PGPR+PGPF+AMF 44(83) 90(246) 57(533) 79(426) 10(400) 12(500) 
S5 Control 26 31 9 12 3 3 

PGPR 60(130) 72(132) 35(288) 46(283) 5(66) 5(66) 
AMF 53(103) 70(125) 40(344) 55(358) 5(66) 6(100) 
PGPF 54(107) 71(129) 41(355) 57(375) 6(100) 7(133) 

PGPR+AMF 69(165) 93(200) 32(255) 50(316) 5(66) 5(66) 
PGPF+AMF 69(165) 73(135) 34(277) 53(341) 7(133) 6(100) 
PGPR+PGPF 61(134) 92(196) 36(300) 59(391) 9(200) 8(166) 

PGPR+PGPF+AMF 64(146) 93(200) 53(488) 73(508) 11(266) 13(333) 
S6 Control 10 14 10 16 1 1 

PGPR 41(316) 48(242) 40(300) 55(243) 2(100) 4(300) 
AMF 23(130) 55(292) 19(90) 58(262) 1(0) 4(300) 
PGPF 24(140) 56(300) 22(120) 59(268) 3(200) 3(200) 

PGPR+AMF 33(230) 71(407) 21(110) 52(225) 2(100) 4(300) 
PGPF+AMF 34(240) 60(328) 22(120) 54(237) 3(200) 5(400) 
PGPR+PGPF 43(330) 85(507) 23(130) 61(281) 5(400) 7(600) 

PGPR+PGPF+AMF 45(350) 96(585) 44(340) 65(306) 7(400) 9(800) 
S7 Control 30 30 17 18 2 2 

PGPR 45(50) 48(60) 22(29) 31(72) 2(0) 3(50) 
AMF 34(13) 40(33) 22(29) 40(122) 2(0) 4(100) 
PGPF 33(10) 41(36) 23(35) 43(138) 4(100) 5(150) 

PGPR+AMF 44(46) 82(173) 48(182) 55(205) 4(100) 8(300) 
PGPF+AMF 45(50) 49(63) 48(182) 56(211) 6(200) 9(350) 
PGPR+PGPF 46(53) 81(170) 49(188) 59(227) 9(350) 10(400) 

PGPR+PGPF+AMF 48(60) 84(180) 52(205) 64(255) 11(450) 11(450) 
S8 Control 10 25 5 17 1 1 

PGPR 59(490) 63(152) 38(660) 45(164) 5(400) 5(400) 
AMF 21(110) 61(144) 12(140) 50(194) 3(200) 5(400) 
PGPF 22(120) 62(148) 13(160) 53(211) 4(300) 6(500) 

PGPR+AMF 23(130) 68(172) 15(200) 53(211) 2(100) 3(200) 
PGPF+AMF 24(140) 64(156) 16(220) 54(217) 4(200) 4(300) 
PGPR+PGPF 60(500) 66(164) 42(740) 58(241) 5(400) 7(600) 

PGPR+PGPF+AMF 62(520) 67(168) 45(800) 65(282) 8(700) 9(800) 

CD (P≤ 0.05) Treatment 
Varieties 

6.798 
6.798 

8.173 
8.173 

7.394 
7.394 

7.279 
7.279 

1.152 
1.152 

1.250 
1.250 

( ) Parenthesis denotes percentage increase in relation to control 
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Figure 51: Analysis of Total Phenol (A), Orthophenol (B) and Total Soluble 
protein (C) content in som plants after treatment under nursery conditions 
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Figure 52: Activities of defense enzymes, PAL (A), Peroxidase (B), Chitinase (C) 
and β-1,3Glucanase (D) in control and treated som plants under nursery 
conditions.  
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4.15.1.1 Disease suppression 

The spore suspension of Colletotrichum gloeosporioides isolate was sprayed 

on the leaves of eight different morphotypes of som plants following their treatment 

with PGPR, PGPF and AMF. The disease establishment was noted after 21 days of 

treatment. The result as presented in figure 53 showed that the percentage of disease 

index varied among the different morphotypes. However the percentage was much 

less in the plants treated with bioinoculants than the untreated control plants. The 

result as shown in figure also revealed that even though disease incidence was 

reduced in singly treated plants, but maximum suppression of the disease was due to 

mixed inoculation of all the three different bioinoculants.   

 

4.15.1.2 Changes in defense enzymes 

The changes in levels of four different defense enzymes viz. Peroxidase, 

Phenylalanine ammonia lyase, Chitinase and β-1,3 Glucanase was analysed after 48 

hrs of artificial inoculation of C. gloeosporioides spore suspension. The following 

result as shown in figure 54 revealed that levels of defense enzymes were increased to 

a larger extent in bioinoculant treated plants of all morphotypes in comparison with 

their untreated control sets. This collaborates with the fact the disease incidence was 

suppressed in treated plants where the defense enzymes were increased.  

4.15.2 Effect of PGPR, AMF and Vermicompost against Pestalotiopsisdisseminata 

The disease management approach in case of grey blight of som was done 

using Vermicompost, PGPR (Bacillus altitudinus) and AMF (Glomus constrictum). 

These bioinoculants were used singly as well as in combination to treat two different 

morphotypes of Som (S5 and S6) that are highly susceptible to this disease. After 

treatment with bioinoculants, treated as well as untreated control plants were 

inoculated with spore suspension of the pathogen and percent disease incidence (PDI) 

was recorded after 7,14,21 and 28 days of inoculation. Activity of defense enzymes 

were analysed after 48h of pathogen spray. 
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Figure 53: Percent disease index in som plants after treatment with bioinoculants 
and inoculated with pathogen [UI=Untreated Inoculated, Cg = C. 
gloeosporioides] 

 

 

Figure 54: Activity of defense enzymes in bioinoculants treated som plants 
following artificial inoculation with pathogen (A – Peroxidase, B – PAL, C- 
Chitinase , D – β-1,3 Glucanase, Cg – Treated with C. gloeosporioides) 
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4.15.2.1 Disease suppression 

Upon pathogen spray, the percent disease index was recorded after 7, 14, 21 

and 28 days. It was observed that disease incidence was much less in treated 

inoculated plants in comparison to untreated inoculated (UI) plants for all the intervals 

(Figure 55). Among the various treatments a consistent decrease in disease incidence 

was observed in plants treated withVermi+PGPR followed by Vermi+PGPR+AMF 

and then by PGPR treatment when compared to the untreated inoculated plants. It was 

seen that disease progression in treated plants were very slow when compared with 

untreated plants. 

4.15.2.2 Defense enzymes 

The changes in levels of four different defense enzymes viz. Peroxidase, 

Phenylalanine ammonia lyase, Chitinase and β-1,3 Glucanase was analysed after 48 

hrs of artificial inoculation of P. disseminata spore suspension. The following result 

as shown in Table 38 revealed that levels of defense enzymes were increased in 

bioinoculant treated inoculated plants of all morphotypes in comparison with their 

untreated inoculated sets. The levels of enzyme increased mainly in Vermi+PGPR 

treated and Vermi+PGPR+AMF treated plants. This collaborates with the fact the 

disease incidence was suppressed in these treatment plants where the defense 

enzymes were increased.  

Table 38: Activity of defense enzymes in som plants following treatment with 
bioinoculants and artificial inoculation with P. disseminate 

Morphotype Treatments PAL  POX CHT GLU 

S5 

Untreated Inoculated 20.12±0.12  8.56±0.11 10.25±0.06 9.60±0.11 

Vermicompost 33.45±0.16 16.25±0.16 16.00±0.09 18.00±0.03 

B. altitudinus 29.25±0.15 12.32±0.19 12.30±0.08 20.50±0.06 

G. constrictum 25.32±0.12 10.25±0.15 13.25±0.10 17.00±0.10 

Vermi+B.altitudinus 47.25±0.10 18.52±0.14 20.00±0.05 29.00±0.12 

Vermi+B.altitudinus+ G.constrictum 50.12±0.11 19.45±0.11 25.00±0.06 30.00±0.09 

S6 

Untreated Inoculated 14.65±0.16 9.25±0.16 11.00±0.04 9.00±0.05 

Vermicompost 32.25±0.13 14.32±0.11 20.23±0.06 19.60±0.08 

B. altitudinus 28.52±0.12 12.23±0.15 15.56±0.05 18.50±0.12 

G. constrictum 20.12±0.11 11.50±0.12 16.00±0.09 16.00±0.11 

Vermi+B.altitudinus 39.54±0.15 18.25±0.13 26.00±0.06 32.00±0.06 

Vermi+B.altitudinus+ G.constrictum 40.12±0.15 20.56±0.14 28.00±0.06 36.00±0.05 

CD(P=0.05)                                 Treatments                                                     
Morphotype 

6.566 
3.791 

2.147 
1.239 

3.153 
1.820 

5.438 
3.139 

± Standard Error, Average of three replicates 



175 
 

4.16 Induction of resistance in field grown som plants against Colletotrichum 

gloeosporioides 

4.16.1 Growth promotion 

Among the eight morphotypes of som plants, S5 and S6 showed improved 

growth status in pot experiments, and these were selected for field application.  For 

field inoculation, chopped maize roots colonizedwith dominant spores of G. 

constrictum (AMF) were applied in the rootrhizosphere following transplantation in 

the field from nursery- grown 7 month old plants. One monthfollowing application of 

AMF, root colonization status was examined. Then mass multiplied T. asperellum 

made with wheat bran was applied in soil. Two weeks afterapplication of T. 

asperellum (PGPF), further soil application of talc based formulation as wellas foliar 

spray of B. altitudinus(PGPR) was done. When the overall growth of the plants in 

terms of height, no. of leaves and no. of branches were measured after six months of 

transplantation, it was observed that application of the bio-inoculants improved the 

growth of the treated plants in comparison to the control plants (Table 39, Figure 56). 

Maximum growth enhancement was recorded as 83.4% increase in height, 150% 

increase in no. of branches and 238.7% increase in no. of leaves in comparison to 

control. 

 

Table 39: Growth promotion of field grown som plants following application of 
bioformulation 

 

Growth parameters 

S5 Morphotype S6 Morphotype 

Control Treated Control Treated 

Height (in m) 1.42 ± 0.02 1.79 ± 0.09    (26%)* 1.81±0.02 3.32 ± 0.01  (83.4%)* 

No. of branches 15 ± 0.44 27  ± 0.94      (80%)* 20±0.91 50 ± 0.45     (150%)* 

No. of leaves 310 ± 0.47 1050 ± 0.97  (238.7%)* 450±0.48 1250 ± 0.94 (177.7%)* 

±indicates standard error; *Parenthesis denotes percentage increase in relation to 
control; Differences between control and treated significant at p=0.01 for all three 
growth parameters in both morphotypes.  
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Figure 55: Percent Disease Index in som plants following treatment and artificial 
inoculation with P. disseminata; UI – untreated inoculated, T1 – Vermicompost, 
T2 – B. altitudinus, T3 – G.constrictum, T4 – Vermi+B. altitudinus, T5 – 
Vermi+B. altitudinus+G. constrictum 
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4.16.2 Biochemical changes 

 

In field condition, phenol contents (total and orthophenols) in both 

morphotypes increased following the treatments.  Estimation of protein and 

chlorophyll content of the leaves of the control and treated plants revealed that though 

there was not much difference in chlorophyll content, protein content increased in 

treated plants in relation to control sets (Table 40). Activities of defence enzymes 

were also analysed in leaves following treatment. It was observed that treated plants 

had more activity than the control plants. In case of peroxidase, the activity was 

higher in treated leaves than the control leaves. However not much changes were 

observed in chitinase and glucanase activity in control and treated plant. 

 

4.16.3 HPLC analysis of phenolics 

 

The changes in phenolic compounds in the leaves of control and treated S5 

and S6 morphotype were measured using HPLC analysis. Analysis of the samples 

revealed the presence of different peaks showing a variety of phenolic acids present in 

treated and control som plants of S5 and S6 morphotypes (Figure 57).  In case of S5 

morphotype, control leaves revealed the presence of six main peaks (viz. 1-6) of 

which 1 & 2 were not detected in case of treated samples. However, absorbance 

values of the other4 peaks increased in treated samples.  In case of S6 morphotypes, 

eight different peaks were observed in both control and treated sets, wherein 

absorbance value of two peaks (4 and 5) increased in treated sets. Comparison with 

standards revealed two of the phenols to be chlorogenic and ferulic acids in both 

morphotypes. Increase in absorbance values in treated samples confirm enhancement 

of phenolics contents following treatment with bioinoculants 
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Figure 56: Growth promotion following application of bioinoculants in 18 
month-old som plants under field condition. A&B – Morphotype S5; C&D – 
Morphotype S6; A&C – Untreated Control; B&D – AMF, PGPF and PGPR 
treated plants 
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Table 40: Effect of joint application of AMF, PGPF and PGPR on biochemical 
components and defense enzymes of som plants 

±indicates standard error; Differences between control and treated significant at 
p=0.01 for all biochemical components in both morphotypes 

.4.16.4 Changes in defense enzyme after artificial inoculation 

Leaves from treated and untreated plants of S5 and S6 morphotypes were 

artificially challenge inoculated following detached leaf inoculation with spore 

suspension of C. gloeosporioides and percent lesion production was assessed 48, 72 

and 96h of inoculation. Results revealed that approximately 44.73% and 39.02% 

reduction in disease development occurred in S5 and S6 leaves of bioinoculants 

treated plants in relation to untreated control respectively (Table 41). Assay of 

defence enzymes -PAL, POX, CHT and GLU as well as total phenol content in the 

leaves of the inoculated plants (S5 and S6) was carried out after every 24 hr intervals 

up to 72 hrs. Enzyme activities increased following treatments and enhanced 

markedly after challenge inoculation with C. gloeosporioides (Figure 58). 

 

 

Biochemical components S5 morphotype S6 morphotype 
Control Treated Control Treated 

Total Chlorophyll  
        (µg/g tissue) 

30.2±0.54 30.4±0.52 26.6±0.51 27.5±0.56 
 

Soluble Protein 
     (mg/g tissue) 

32.5±0.25 65.4±0.22 29.9±0.32 44.3±0.36 
 

Total Phenol 
      (mg/g tissue) 

8.3±0.12 12.7±0.16 8.3±0.11 10.2±0.15 

Ortho Phenol 
      (mg/g tissue) 

4.3±0.02 6.8±0.05 4.2±0.03 6.5±0.07 

Phenylalanine ammonia 
lyase (µg cinnamic 
acid/gtissue/min) 

60.0±1.23 66.3±1.35 54.6±1.02 76.0±1.23 

Peroxidase  
(ΔOD/g tissue/min) 

1.8±0.12 4.9±0.65 2.8±0.12 5.7±0.32 

Chitinase  
(µg Glu NAC/g 
tissue/min) 

60.2±1.59 66.9±1.22 84.0±1.05 91.2±1.19 

β-1,3 Glucanase  
(µg glucose/g tissue/min) 
 

54.9±1.16 68.6±1.19 54.2±0.45 61.5±0.23 
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Figure 57: HPLC analysis of the phenolic acid content in control and treated som 
plants under field condition 

 Table 41: Percent lesion production in som plants after joint application 
with AMF, PGPF and PGPR following detached leaf inoculation with C. 
gloeosporioides 

Hours 
after 

inoculation 

Percent (%) lesion production 
S5 morphotype S6 morphotype 

Untreated 
inoculated 

Treated 
inoculated 

Untreated 
inoculated 

Treated inoculated 

48 53±0.48 28±0.95 (47.16%)* 58±0.92 38±0.95 (34.48%)* 

72 69±0.23 37±0.47 (46.37%)* 75±1.43 47 ±0.49(37.33%)* 

96 76±0.94 42±0.48 (44.73%)* 82±0.44 50±0.95 (39.02%)* 
±indicates standard error; Average of three separate trials, 50 leaves inoculated for 
each treatment,  

*Parenthesis denotes percentage reduction in disease development in leaves of 
bioinoculants treated plants in relation to untreated control 

Differences between  untreated inoculated and treated inoculated significant at p=0.01 
for all hours after inoculation  in both morphotypes. 
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Figure 58: Changes in levels of defense enzymes: Peroxidase (A & B), PAL (C & 
D), Chitinase (E & F) and Glucanase (G & H) as well as changes in total phenol 
content (I & J) in S5 and S6 plants following artificial inoculation with 
C.gloeosporioides 
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4.17 Cellular localization of glucanase and chitinase in leaf and root tissues of 

som plant following induction of resistance using bioinoculants 

Induction of defense enzymes in leaves of som plants following treatment of 

bioinoculants has already been established in earlier sections. Enhanced activities of 

defense enzymes such as peroxidase, phenylalanine ammonia lyase, chitinase and 

glucanase were reported following application of PGPR as well as AMF and PGPF in 

S6 morphotype. Glucanase and chitinase being an important PR protein related to 

induction of resistance in plants, cellular localization of these enzymes in root and leaf 

tissue was studied in this section. 

 

4.17.1 Cellular localization of glucanase 

4.17.1.1 Indirect Immunofluorescence 

Cellular localization of glucanase enzyme in leaves and roots of som plants 

was determined following indirect immunofluorescence test using FITC binding and 

treatment with PAb raised against glucanase. Leaf sections from untreated control 

plants and B. pumilus treated plants were taken and root sections from AMF and T. 

harzianum inoculated plants were taken.  Immunolocalization of glucanase in treated 

leaves and root sections of som plants were observed using FITC after treatment with 

PAb raised against glucanase. Positive reaction withFITC was observed in cellular 

localization which gave indication of the induction of glucanase in som leaf and root 

tissues (Figure 59 and 60). Bright apple green fluorescence was observed intreated 

leaves and 

4.17.1.2 Immunogold localization  

The accumulation of PR protein β-1,3 Glucanase was investigated in LR-

embedded cross sections of leaf tissues of som plant following their treatment with 

B.pumilus using PAb of glucanase andlabeled with antirabbit-IgG (whole molecule) 

gold conjugate (10nm). Microscopic observations revealed intense labelling 

corresponding to glucanase deposition in leaf tissues of PGPR treated plants. Gold 

labelling in the sections showed a high amount of labelling in chloroplast and host 

cytoplasm (Figure61 and 62). This indicates the induction of defense enzyme 

glucanase following their treatment with PGPR. 
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Figure 59: Cellular localization of glucanase in som leaf tissues following 
treatment with bioinoculants, probed with PAb of glucanase and labelled with 
FITC (A&B) 
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Figure 60:Cellular localization of glucanse in roots following treatment with 
bioinoculants, probed with PAb of glucanase and labelled with FITC (A&B). 
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Figure 61: Transmission electron micrographs of bioinoculant treated leaf 
tissues of som plant (S6) reacted with PAb of glucanase and labelled with 
antirabbit goat IgG (whole molecule) gold conjugate 
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Figure 62: Transmission electron micrographs of bioinoculant treated root 
tissues of som plant (S6) reacted with PAb of glucanase and labelled with 
antirabbit goat IgG (whole molecule) gold conjugate 
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4.17.2 Cellular localization of chitinase  

4.17.2.1 Indirect immunofluorescence  

Cellular localization of chitinase enzyme in leaves and roots of som plants was 

determined following indirect immunofluorescence test using FITC binding and 

treatment with PAb raised against chitinase. Leaf sections from untreated control 

plants and B. pumilust reated plants were taken and root sections from AMF and T. 

harzianum inoculated plants were taken.  Immunolocalization of chitinase in treated 

leaves and root sectionsof som plants were observed using FITC after treatment with 

PAb raised against chitinase. Positive reaction withFITC was observed in cellular 

localization which gave indication of the induction of chitinase in som leaf and root 

tissues (Figure 63 and 64). Bright apple green fluorescence was observed intreated 

leaves and roots which testified the increased accumulation of chitinase enzyme in 

treated leaves and root sections. 

 

4.17.2.2Immunogold localization  

The accumulation of chitinase was investigated on cross sections of LR-white 

embedded leaf tissues of som plants treated with B.pumilus and root tissues of som 

plants treated with AMF and T. harzianum, previously fixed with 0.1 Msodium 

phosphate buffered-glutaraldehyde (2.5%) and using PAb of chitinase andlabeled with 

antirabbit-IgG (whole molecule) gold conjugate (10nm).Microscopic observations 

revealed intense labelling corresponding to chitinase deposition in leaf as well as root 

tissues of PGPR and AMF treated plants. Gold labelling in the sections showed a high 

amount of labelling in chloroplast and host cytoplasm and less in vacuoles, 

mitochondria and cell wall (Figure 65 and 66). This indicates the induction of defense 

enzyme Chitinase following their treatment with PGPR, AMF and PGPF. 
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Figure 63:  Cellular localization of chitinase in som leaf tissues following 
treatment with bioinoculants, probed with PAb of chitinase and labelled with 
FITC (A&B) 
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Figure 64: Cellular localization of chitinase in roots following treatment with 
bioinoculants, probed with PAb of chitinase and labelled with FITC (A&B) 
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Figure 65: Transmission electron micrographs of bioinoculant treated leaf 
tissues of som plant (S6) reacted with PAb of chitinase and labelled with 
antirabbit goat IgG (whole molecule) gold conjugate 
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Figure 66: Transmission electron micrographs of bioinoculant treated root 
tissues of som plant (S6) reacted with PAb of chitinase and labelled with 
antirabbit goat IgG (whole molecule) gold conjugate 

 


