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Abstract

Efficacy of eight different carrier materials and their combinations were tested to formulate a
suitable Trichoderma harzianum based bio-fungicides for controlling foot and root rot diseases of
brinjal caused by Sclerotium rolfsii in tray soil as well as seed bed soil under net house condition of
Bangladesh Agricultural Research Institute (BARI). The results from a series of experiments
revealed that four combination of carrier materials based 7. harzianum bio-fungicides such as (1)
wheat bran + rice bran, (2) wheat bran + mustard oil cake (MOC) + rice bran, (3) khesari bran +
rice bran, and (4) khesari bran +MOC+ rice bran were suitable for controlling the soil borne foot
and root rot disease (S. rolfsii) of brinjal in tray soil as well as seed bed soil conditions.
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1. Introduction

Availability of quality food and nutrition are the major challenges to achieve healthy and
prosperous Bangladesh like other developing countries of the world. Vegetable play a vital role in
everyday diet in general. Among the vegetables, brinjal (eggplant) (Solanum melongena L.) is the
major crop that has achieves tremendous popularity over the last century. It is grown usually in
almost all countries of the world under field and greenhouse conditions. In Bangladesh brinjal is the
second most important vegetable crop that is grown the whole year in any space available for crop
cultivation. It is available in Bangladesh throughout the year providing vegetable to the consumers
and steady financial assistance to the growers. FAOSTAT (2012) reported that the productivity of
brinjal in Bangladesh is low (17.5 t/ha) as compared to Japan (32 t/ha), Italy (28.2 t/ha) and Turkey
(30.2 t//ha). It is estimated that 10% of crops are lost due to plant diseases worldwide each year
which can lead to considerable financial losses for the farmers of underdeveloped countries
(Strange & Scott, 2005). Among the diseases germination failure and damping off are the major
constraints in brinjal cultivation ( Najar et al., 2011). Especially Sclerotium rolfsii is the major
pathogen for germination failure and damping off of brinjal. It is very difficult to control the soil
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borne pathogens, especially S. rolfsii through conventional method such as application of
fungicides, cultural methods etc. On the other hand, application of chemical fungicides is expensive
and also hazardous to health and environment (Brown & Hendrix 1980, Punja, Grogan, & Unruh,
1982). The beneficial microbes such as Trichoderma harzianum has been reported as a bio-control
agent that effectively controlled the soil borne pathogens including S. rolfsii (Elad, Chet, & Katan,
1980; Roy, Das, & Bora, 1989). The native bio-control agents usually remain in the agricultural soil
in low population density, so augmentation of their density to reach a higher stability level in soil
through artificial inoculation is necessary for successful management of soil borne pathogens in
brinjal seed bed. The major limitation is the lacking of appropriate mass culturing techniques of 7.
harzianum and inadequate information on the suitability of carrier materials (Harman & Taylor,
1990). There are some reports, where 7. harzianum has been formulated as bio-fungicides in
various carrier materials including wheat bran, rice bran, maize bran, sawdust (Das, Roy, & Bora,
1997); rice straw, chickpea bran, grass pea bran, rice course powder, black gram bran
(Shamsuzzaman, Islam, & Hossain, 2003); cow dung, poultry manure, ground nut shell, black ash,
coir waste, spent straw from mushroom bed, talc, vermiculite (Rettinassababady & Ramadoss,
2000); and jaggery, groundnut cake, neem cake, niger cake, pongamia (Jahagirdar, Siddaramaiah, &
Narayanaswamy, 1998). All of these carrier materials are available in Bangladesh but their
potentialities to use in the formulation of 7. harzianum bio-fungicide have not yet been studied in
the country. Therefore, the present study was undertaken to find out the effective local carrier
materials to formulate the best medium for mass culturing of 7. harzianum to be used as effective
bio-fungicides against seedling disease (S. rolfsii) of brinjal under seed bed condition.

2. Materials and Methods

One experiment was conducted in the plastic tray and two experiments were conducted under seed
bed conditions in the net house of Plant Pathology Division, Bangladesh Agricultural Research
Institute (BARI), Joydebpur, Gazipur during the period 2008 to 2013 to find out the suitable carrier
material for mass culturing of 7. harzianum and thereby formulation of an effective bio-fungicides
against soil borne seedling disease (Sclerotium rolfsii) of brinjal. A pure culture of bio-control agent
T. harzianum (TM14) was used in these experiments. The fungus 7. harzianum (TM14) was grown
on Potato Dextrose Agar (PDA) medium which was used later as an inoculum of bio-fungicide. The
substrates used in this study were Rice husk, Rice bran, Wheat bran, Maize bran, Khesari bran,
Soybean bran, Saw dust and Mustard Oilcake (MOC). The requisite amount of material for each
substrate was mixed thoroughly in 1000 ml Erlenmeyer flask and sterilized in an autoclave at 121°C
for 15 minutes and finally cooled down to make it ready for inoculation. The sterilized substrate
was inoculated with 5 mm diameter mycelial disc of five-day old culture of T. harzianum grown on
PDA and then incubated at room temperature (252 °C) for 15 days. After incubation the colonized
substrates were removed from the flasks and air dried and finally preserved in refrigerator at 10 °C
for 10 days. Besides, the pathogenic fungi S. rolfsii was multiplied on sterilized barley grains in
1000 ml Erlenmeyer flask at temperature of 25+2 °C for 15 days.

One experiment was conducted in the plastic tray to screen out the suitable substrates to
formulate the 7. harzianum bio-fungicide against the brinjal seedling disease (S. rolfsii). In this
experiment pathogenic fungus S. rolfsii and T. harzianum bio-fungicide were used at the rate of (@)
20 g/kg soil and seeds of BARI Brinjal 2 (Raton) were sown in the tray soil @100 seeds per tray.
The tray experiment was laid out in completely randomized design (CRD) with six replications. In
control treatment the soil was only infected with S. rolfsii and the experiment was set in the natural
environmental condition and necessary intercultural operations were done as per recommendation
of the crop (Anon., 2007).

Two experiments were conducted to evaluate the individual and combined effect of T.
harzianum bio-fungicides in seed bed under net house condition. In these seed bed experiments the
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colonized barley grains were incorporated in the seed bed soils @100 g/m® soil. Inoculated seed bed
soil was allowed to multiply the pathogen S. rolfsii for 10 days with proper soil moisture. The
inoculum of 7. harzianum, colonized on different substrates, were incorporated in the seed bed soils
@100 g/m” soil and kept for 7 days with proper soil moisture for establishment of 7. harzianum in
the soils. The seeds of BARI Brinjal 2 (Raton) were sown in the seed bed @ 200 seeds per
treatment. In control treatment the soil was only infected with S. rolfsii. The experiment was laid
out in completely randomized design (CRD) with four replications and necessary intercultural
operations were done as per recommendation of the crop (Anon., 2007). .

Data were collected on percent seed germination, seedling mortality, shoot height, shoot weight,
root length and root weight of brinjal seedlings. The percent data were converted into arcsine
transformation values before statistical analysis. The data were analyzed statistically by using the
MSTATC program. The treatment effects were compared by applying the least significant
difference (LSD) test.

3. Results and Discussions

3.1 Screening of Carrier Materials for Trichoderma Harzianum Bio-Fungicides

Table 1. Effect of different carrier based on T. harzianum bio-fungicides on the emergence
and mortality of brinjal seedling in Sclerotium rolfsii inoculated soils in the plastic tray

Name of carrier | Seedling | Pre-emergence Post- Total Mortality Total
materials for 7. | emergence | mortality (%) emergence mortality | reduction (%) healthy
harzianum (%) mortality (%) (%) over control seedling (%)
Rice husk 61.00 39.00 9.73 48.73 37.72 51.27
(15.89b)
Rice bran 78.00 22.00 0.00 22.00 64.45 78.00
(0.37¢)
Wheat bran 82.00 18.00 4.89 22.89 63.56 77.11
(9.05 bce)
Maize bran 73.00 27.00 5.01 32.01 54.44 67.99
(9.40 be)
Khesari bran 70.00 30.00 5.76 35.76 50.69 64.24
(10.09 be)
Soybean bran 67.00 33.00 0.00 33.00 53.45 67.00
(0.37¢)
Saw dust 41.00 59.00 22.22 81.22 5.23 18.78
(40.51 a)
Untreated 38.00 62.00 24.45 86.45 0.00 13.55
Control (41.76 a)

Note: Values in a column having same letter did not differ significantly (p=0.05) by LSD; values
within the parentheses were the Arcsine Transformed value

Efficacy of the bio-agent Trichoderma harzianun against Sclerotium rolfsii causing foot and root rot
disease of brinjal seedlings was tested in the plastic tray where the soil was artificially inoculated
with the pathogen Sclerotium rolfsii and then treated with the different carrier based on T.
harzianum bio-fungicides. Percent seedling emergence as well as seedling mortality was varied
among the carrier based 7. harzianum bio-fungicides (Table 1). In the case of S. rolfsii inoculated
soil, the seedling emergence of brinjal was significantly higher and ranged from 61% (rice husk) to
82% (wheat bran) due to the carrier based on 7. harzianum bio-fungicide treatments whereas
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untreated control tray gave lower seedling emergence (38%). Saw dust based on 7. harzianum bio-
fungicide also gave lower seedling emergence which is statistically similar to untreated control. The
amount of both pre-emergence as well as post-emergence seedling mortality of brinjal varied
among the carrier based on 7. harzianum bio-fungicides resulting total seedling mortality of 22.00
to 48.73%, while higher total seedling mortality of 81.22% and 86.46% was recorded from the saw
dust and untreated control trays, respectively. Thus soil treatment with 7. harzianum reduced
seedling mortality of 5.23 - 64.45% as compared to untreated control (Table 1). The result showed
that T. harzianum treated tray soil except saw dust soil gave higher amount of healthy seedlings
(51.27- 77.11%) while saw dust and untreated control tray soil produced only 18.78% and 12%
healthy seedling, respectively in S. rolfsii inoculated soil. The overall performance of the bio-
fungicides with respect to reduction of brinjal seedling disease under S. rolfsii inoculated condition
indicated that better results were obtained if carrier based on 7. harzianum bio-fungicides were rice
bran, wheat bran, maize bran and soybean bran (Table 1).

3.2 Efficacy of Carrier Material Based 7. Harzianum Bio-Fungicides and Provax

Seedling emergence of brinjal was increased significantly (p=0.05) due to soil treatment with bio-
fungicides (7. harzianum) in the S. rolfsii inoculated soil of seed bed. The carriers based on T.
harzianum bio-fungicides were statistically similar in respect of seedling emergence but differ from
Provax and untreated control (Table 2). The effect of carrier based on 7. harzianum bio-fungicides
on reduction of seedling mortality viz. pre-emergence, post-emergence and total mortality were
encouraging and also followed the similar trends. Maximum reduction of brinjal seedling mortality
(33.95%) over control was achieved with the application of 7. harzianum bio-fungicide of Khesari
bran followed by wheat bran, rice bran and maize bran while Provax gave the minimum mortality
reduction (13.88%).

Table 2. Effect of selected carrier based on 7. harzianum bio-fungicides on the
emergence and mortality of brinjal seedling in Sclerotium rolfsii inoculated soils in seed bed

Name of carrier Seedling Pre-emergence | Post-emergence | Total seedling Mortality

materials for 7. emergence seedling seedling mortality (%) | reduction (%)

harzianum (%) mortality (%) mortality (%) over control

Khesari bran 60.25 39.75 9.23 48.98 33.95
(51.24 a) (39.05 ¢) (17.43 b)

Wheat bran 60.00 40.00 9.82 49.82 33.11
(50.79 ab) (39.21¢) (18.09 b)

Maize bran 55.25 44.75 10.27 55.02 2791
(48.03 ab) (41.97 be) (18.49 b)

Rice bran 57.25 42.75 10.66 53.41 29.52
(49.19 ab) (40.81 bce) (18.97 b)

Provax 52.75 47.25 21.80 69.05 13.88
(46.87b) (43.42b) (27.82a)

Untreated Control 44.75 55.25 27.68 82.93 -
(41.97 ¢) (48.02 a) (31.68 a)

LSD (p=0.05) 3.77 3.713 4.479 - -

Note: Values in a column having same letter did not differ significantly (p=0.05) by LSD; values
within the parentheses were the Arcsine Transformed values

Shoot length and shoot weight of brinjal seedlings were increased significantly (p=0.05) by the
carrier based on T. harzianum bio-fungicides khesari bran, wheat bran, maize bran and rice bran
comparing to Provax and untreated control in the S. rolfsii inoculated seed bed soil (Table 3). The
effects of carrier based 7. harzianum bio-fungicide on the root growth of brinjal seedlings were
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significantly better over Provax as well as untreated control. The overall root growth of brinjal
seedling was found better due to 7. harzianum bio-fungicide in the carrier of khesari bran, wheat
bran and rice bran (Table 3).

Table 3. Effect of selected carrier based on 7. harzianum bio-fungicides on
the vegetative growth of brinjal seedling in Sclerotium rolfsii inoculated soils in seed bed

Name of subtracts Shoot length (cm) Shoot weight Root length Root weight
(g/plant) (cm) (g/plant)
Khesarie bran 21.75a 2.54 a 11.15a 0.33a
Wheat bran 19.98 b 2.33a 10.02 ab 0.23b
Maize bran 1448 ¢ 1.58Db 10.55 ab 0.19b
Rice bran 13.95¢ 1.60Db 10.30 ab 0.21b
Provax 11.68d 1.32 bc 9.33b 0.19b
Untreated Control 943 ¢ 1.11c¢c 793¢ 0.12 ¢
LSD (p=0.05) 0.9168 0.2779 1.223 0.047

Note: Values in a column having same letter did not differ significantly (p=0.05) by LSD

3.3 Combination of Carrier Material Based on 7. Harzianum Bio-Fungicides and Provax

Table 4. Effect of carrier based on Trichoderma harzianum bio-fungicides and
Provax on suppression of brinjal seedling disease caused by Sclerotium rolfsii in seed bed

Name of carrier materials Seedling Pre-emergence | Post-emergence | Total seedling | Seedling mortality
for T. harzianum emergence seedling seedling mortality | mortality (%) | reduction (%) over
(%) mortality (%) (%) control

Wheat bran 51.33 48.67 7.67 56.34 14.66
(45.77 be) (16.07 ab)

Khesari bran 54.33 45.67 6.67 52.34 18.66
(47.49 ab) (13.34 ¢)

Rice bran 55.67 44.33 7.67 52.00 19.00
(48.26 ab) (16.07 ab)

Wheat bran + Rice bran 55.67 4433 6.67 51.00 20.00
(48.26 ab) (14.51 ¢)

Wheat bran + MOC+ 55.33 44.67 7.33 52.00 19.00

Rice bran (48.06 ab) (15.70 b)

Khesari bran + Rice bran 59.33 40.67 6.67 47.34 23.33
(50.39 a) (14.90 be)

Khesari bran +MOC + 55.33 44.67 6.67 51.34 19.66

Rice bran (48.06 ab) (14.95 be)

Rice bran + MOC 53.33 46.67 7.67 54.34 16.66
(46.92 ab) (16.07 ab)

Wheat bran + Khesari 54.00 46.00 6.67 52.67 18.33

bran + MOC (47.30 ab) (14.95 be)

Wheat bran + Khesari 53.67 46.33 6.67 53.00 18.00

bran+ Rice bran + MOC (47.11 ab) (14.95 be)

Seed treatment with 59.33 40.67 6.33 46.00 25.00

Provax (50.39 a) (13.27 ¢)

Untreated Control 45.67 54.33 16.67 71.00 -
(42.51¢) (24.09 a)

Note: Values in a column having same letter did not differ significantly (p=0.05) by LSD; values

within the parentheses were the Arcsine Transformed value
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The seedling emergence of brinjal in S. rolfsii inoculated soils in seed bed was sharply enhanced by
the application of different carrier based on 7. harzianum bio-fungicides and Provax (Table 4). The
individual as well as combined application of 7. harzianum bio-fungicides was found superior in
seedling emergence as compared to the untreated control. Seedling emergence of brinjal ranged
from 51.33% to 59.33% due to the application of different bio-fungicide in seed bed. The trend was
reverse in respect of pre-emergence, post-emergence and total mortality of brinjal seedlings in the S.
rolfsii inoculated seed bed soil. Application of Provax gave maximum reduction of seedling
mortality (25.00%) over control followed by combined used of khesari bran + rice bran (23.33%)
and wheat bran + rice bran (20.00%) based bio-fungicide and the minimum seedling mortality was
observed in case of wheat bran based bio-fungicide (14.66%). The findings indicated that combined
use of khesari bran + rice bran and wheat bran + rice bran based bio-fungicides was equally
effective as Provax in controlling seedling mortality of brinjal (Table 4).

Shoot and root growth of brinjal seedling in S. rolfsii inoculated seed bed soil was significantly
augmented as compare to untreated control by the application of different carrier based T.
harzianum bio-fungicides and the Provax (Table 5). The shoot length of brinjal seedlings was
ranged from 16.93 cm to 18.17 cm due to bio-fungicide and minimum shoot length (12.53 cm) was
obtained from the control bed. Shoot weight of brinjal seedlings were also followed the similar
trend of results due to the bio-fungicides and Provax. Root length enhanced up to 7.47 cm by
khesari bran + rice bran based bio-fungicide followed by Provax (7.23 c¢cm) and the shortest root was
found in untreated control of the S. rolfsii inoculated seed bed soil (Table 5). Root weight did not
significantly differ among all the treatments including untreated control (Table 5). The results
revealed that shoot and root growth of brinjal seedlings in the 7. harzianum bio-fungicides treated
seed bed was superior to untreated control.

Table 5. Effect of carrier based on Trichoderma harzianum bio-fungicides and
Provax on the vegetative growth of brinjal seedling in Sclerotium rolfsii inoculated seed bed

Name of carrier materials for 7. Shoot length Shoot weight Root length Root weight
harzianum (cm) (g/plant) (cm) (g/plant)
Wheat bran 18.17 a 449 a 6.67 abc 0.20
Khesari bran 1737 a 4.66 a 6.93 ab 0.20
Rice bran 17.77 a 451 a 7.13 ab 0.19
Wheat bran + Rice bran 1693 a 441 a 7.23 ab 0.19
Wheat bran + MOC+ Rice bran 1797 a 449 a 6.40 bc 0.18
Khesari bran + Rice bran 18.00 a 4.55a 7.47 a 0.19
Khesari bran +MOC+ Rice bran 18.10 a 4.63a 6.67 abc 0.18
Rice bran + MOC 17.13 a 441 a 6.63 abc 0.19
Wheat bran + Khesari bran +MOC 18.17 a 4.59 a 7.10 ab 0.19
Wheat bran + Khesari bran + Rice 17.17 a 430a 7.20 ab 0.21
bran + MOC

Seed treatment with Provax 17.90 a 429 a 6.50 bc 0.20
Untreated Control 12.53b 333b 590 ¢ 0.20
LSD (p=0.05) 1.47 0.53 0.79 NS

Note: Values in a column having same letter did not differ significantly (P=0.05) by LSD

The emergence of brinjal seedlings in S. rolfsii inoculated seed bed soil was significantly
(p=0.05) increased due to application of different 7. harzianum based bio-fungicide (Table 6).
Maximum seedling emergence (82.33%) was recorded from the seed bed treated with Rice bran +
MOC based bio-fungicide of followed by khesari bran MOC bran + rice bran (80.33) and wheat
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bran + rice bran (80.00%) while the minimum (60.00%) was recorded from the untreated control.
Post-emergence mortality of brinjal seedling was the reverse trend, where untreated control bed
showed the highest post-emergence mortality (38.67%) and khesari bran + MOC bran + rice bran
based bio-fungicide gave the lowest (10.67%) mortality. Besides, seedling mortality was 12.67% in
case of seed treating chemical Provax (Table 6). Shoot length (8.17 - 9.73 ¢m) and shoot weight
(4.68 - 6.70 g/plant) of brinjal seedling were also enhanced by the combined used of 7. harzianum
bio-fungicides over individual bio-fungicide while Provax gave poorer shoot growth. The results
indicated that the combined application of 7. harzianum bio-fungicides were better for root growth
of brinjal seedlings in the inoculated bed soil over untreated control (Table 6).

Table 6. Effect of carrier based on Trichoderma harzianum bio-fungicides on

reduction of seedling disease (Sclerotium rolfsii) and vegetative growth of brinjal in seed bed

Name of carrier Seedling Post-emergence Shoot Shoot Root Root

materials for 7. emergence seedling length weight length weight

harzianum (%) mortality (%) (cm) (g/plant) (cm) (g/plant)

Wheat bran 72.33 11.67 7.40 be 526D 5.80 be 0.41 bc
(58.41b) (20.78 b)

Khesari bran 78.33 11.33 7.25 c¢d 5.14b 6.33 ab 0.42 be
(62.29 ab) (19.94 b)

Rice bran 72.00 13.33 7.10 cd 491 be 5.20 c¢d 0.37 ¢
(58.07 b) (21.39b)

Wheat bran + Rice bran 80.00 12.33 9.73 a 6.70 a 6.27 ab 0.40 bc
(63.46 ab) (19.67 b)

Wheat bran + MOC+ 77.00 12.67 8.13 bc 5.13b 6.27 ab 0.41 be

Rice bran (61.49 ab) (20.56 b)

Khesari bran + Rice bran 77.33 11.33 9.33 ab 6.35a 6.53 ab 047 a
(61.61 ab) (20.84 b)

Khesari bran +MOC+ 80.33 10.67 9.37 ab 6.18 a 6.53 ab 0.42 be

Rice bran (63.69 ab) (19.67 b)

Rice bran + MOC 82.67 12.33 9.17 ab 6.50 a 6.87a 0.41 bc
(66.07 a) (19.04 b)

Wheat bran + Khesari 77.33 11.67 8.17 abc 4.68 bc 6.67 ab 043D

bran + MOC (61.77 ab) (20.19b)

Wheat bran + Khesari 72.67 12.67 9.47 ab 6.57 a 6.93a 0.42 bc

bran+ Rice bran + MOC (58.49b) (19.94 b)

Seed treatment with 73.67 12.67 7.00 cd 4.28¢ 4.27 de 0.38 de

Provax (59.13 b) (20.78 b)

Untreated Control 60.00 38.67 6.30d 3.35d 357e 033f
(50.78 ¢) (38.44 a)

LSD (p=0.05) 5.632 2.613 1.387 0.617 0.982 0.023

Note: Values in a column having same letter did not differ significantly (P=0.05) by LSD; values
within the parentheses were the Arcsine Transformed values

The overall effects of the carrier based 7. harzianum bio-fungicides on the emergence, mortality,

growth and development of brinjal seedlings under S. rolfsii inoculated soils as revealed from the
results of these experiments indicated that four different combination of carriers viz. (1) wheat bran
+ rice bran, (2) wheat bran + MOC+ rice bran, (3) khesari bran + rice bran, and (4) khesari bran
+MOCH rice bran were seemed to be superior for brinjal seedling disease (S. rolfsii) management in
seed bed condition.
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The finding of the present study was in accordance with the reports of many other researchers
and some of them were cited in this script. Soil amendment with formulated Trichoderma proved to
be effective in controlling Sclerotium rolfsii the causal agent for seedling disease of many crops and
many researchers reported antagonistic activity of Trichoderma isolates against plant pathogens
especially against fungal pathogens such as Rhizoctonia solani, Fusarium oxysporum and
Sclerotium rolfsii (Lo, Nelson, & Harman, 1996; Tran, 1998; Bari, Rahman, & Mian, 2000;
Shamsuzzaman et al., 2003; Ngo, Vu, and Tran, 2006; Shalini, Narayan, & Kotasthane, 2006).
Harman, Howell, Viterbo, Chet, and Lorito (2004) reported that application of Trichoderma spp. as
biocontrol agent influenced seed germination, seedling vigor as well as increased growth of shoot,
root and productivity of brinjal. The formulated 7. harzianum grown on peat soil based black bran
was found to be effective in controlling some of the nursery diseases like damping off, tip over and
seedling blight of egg plant and also promoted seed germination (Meah, Islam, & Islam, 2004).
Sangeetha, Jeyarajan and Panicker (1993) reported that rice bran yielded 35% higher seed
germination in brinjal and wheat as well as rice bran as the best substrate for the formulation of
Trichoderma. The disease incidence of brinjal, water melon and cotton was reported to be reduced
considerably by the application of 7. harzianum (Sivan & Chet, 1986). Ghaffar (1987) reported that
the in-vitro growth of Sclerotium oryzae and formation of sclerotia was drastically inhibited by the
presence of 7. harzianum. Similarly, Jee and Kim (1987) reported that 7. harzianum was the best
in-vitro antagonist soil borne pathogens. Begum, Rahman, and Hossain (1999) reported that 7.
harzianum treated seeds of black gram gave 86.7% to 100% reduction of foot and root rot disease
caused by Sclerotium rolfsii over the control. Tehroni and Nazari (2004) observed 7. harzianum as
an effective remedy against Phytophthora damping-off of cucumber. Shoresh et al. (2005) stated
that Trichoderma spp. are effective bio-control agents for a number of soil borne plant pathogens
and induced a potentate state in the plant enabling it to be more resistant to subsequent pathogen
infection.
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ABSTRACT

Performance of different Tricho-inocula (Trichoderma harzianum inocula), Tricho-compost (T. harzianum compost)
and Provax 200 WP (Carboxin + Thiram group fungicide) for controlling seedling mortality of chickpea was
investigated under Sclerotium rolfsii and Fusarium oxysporum f. sp. ciceri inoculated soil in two different agro-ecological
zones viz. Bangladesh Agricultural Research Institute (BARI), Gazipur and Pulses Research Station, Madaripur of
Bangladesh. Tricho-compost was prepared with a mixed substrate of cow dung, rice husk and poultry refuse colonized
by T. harzianum. The seedling mortality of chickpea was significantly reduced by the Tricho-inocula, Tricho-compost
and Provax 200 WP where Tricho-compost was found superior with respect to reduction of seedling mortality and
accelerating plant growth with increasing grain yield of chickpea under pot culture as well as field conditions in two

different agro-ecological zones of Bangladesh.

Keywords: Trichoderma harzianum, Sclerotium rolfsii, Fusarium oxysporum f. sp. ciceri, Cicer arietinum, chickpea.

INTRODUCTION

Chickpea (Cicer arietinum L.) is an important legume
crop in the semi-arid tropics of the world and it is the
third major pulse crop in Bangladesh (Hasanuzzaman et
al,, 2007). The chickpea yield in Bangladesh is very low
as compared to other chickpea growing countries due to
many biotic and a abiotic factors. Among the biotic
factors foot and root rot (S. rolfsii Sacc.) and wilt (F.
oxysporum f. sp. ciceri) are the two major diseases
contributing 55-95% seedling mortality of chickpea
(Hussain et al., 2006). In Bangladesh chemical fungicides
are only the way to combat these diseases but major
limitation is the requirement of a large amount of
chemicals which are expensive and hazardous to human
health as well as environment. So, environment and user
friendly biological control measure may be an
alternative method of controlling these pathogens in
large fields. The use of antagonistic microorganisms is

an alternative and contemporary way of controlling the
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pathogens S. rolfsii and F. oxysporum f. sp. ciceri in the
crop field (Chaverri & Samuels, 2002). The effect of T.
harzianum as bio-agent against S. and F.
oxysporum f. sp. ciceri is reported by many investigators
(Gées et al.,, 2002, Cherif & Benhamou, 1990) (Shalini et.
al. 2006). Different species of the genus Trichoderma are
being used as bio-control agents successfully against

rolfsii

many plant pathogens throughout the world (Sivan et al.,
1984). T. harzianum is commercially used as preventive
measure for several soil borne plant pathogenic fungi
(Harman, 2006)(Shalini et. al. 2006). The Trichoderma-
based biocontrol agents (BCAs) possessed better ability
to promote plant growth and soil remediation activity
(Esposito & Silva, 1998, Lorito et al.,, 1993). Like other
fungal BCAs, conidial mass of Trichoderma is the most
proficient propagule,
processing like air drying (Amsellem et al., 1999) thus it
has gained wide acceptance as effective BCAs against
several plant pathogens (Whipps & Lumsden, 2001)
because of their multiple BCA characteristics, namely,

which tolerates downstream

antagonism and plant-growth stimulation (Punja &

Utkhede, 2003). Despite the advantages, mass
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production of Trichoderma BCAs is less prevalent
because of high-cost raw materials like Mendel’s
medium, molasses, corn steep liquor and other (Verma
et al, 2005). The conventional component of synthetic
media like glucose, cellulose, soluble starch, and
molasses to produce Trichoderma BCAs are costly
(Lewis & Papavizas, 1983, Gupta et al., 1997). For mass
production of Trichoderma, many researchers have
successfully used cost effective substrates like wheat
bran, rice bran, maize bran, sawdust (Das et al. 1997);
rice straw, chickpea bran, grass pea bran, rice course
powder, black gram bran (Shamsuzzaman et al., 2003);
cow dung, poultry manure, ground nut shell, black ash,
coir waste, spent straw from mushroom bed, talc,
vermiculite (Rettinassababady & Ramadoss, 2000),
sewage sludge compost (Cotxarrera et al, 2002). So,
mass production of T. harzianum on comparatively
cheap, stable and easily available substrate is essential.
Therefore, the present study was aimed to find out a
suitability of solid substrate for mass production of
Tricho-compost with T. harzianum and also its inocula
for seed treatment to reduce seedling mortality of
chickpea caused by S. rolfsii Sacc. and F. oxysporum f. sp.
cicerl.

MATERIALS AND METHODS

The performance of Tricho-inocula (T. harhianum),
Tricho-composts and Provax 200 WP (Carboxin +
Thiram group fungicide) in controlling two soil borne
pathogens namely Sclerotium rolfsii and F. oxysporum f.
sp. ciceri of chickpea was investigated both in pot culture
as well as in field experiments in two different agro-
ecological zones of Bangladesh during the period from
2011 to 2013. The pot experiment was carried out at the
Plant Pathology Division of Bangladesh Agricultural
Research Institute (BARI), Gazipur while the field
experiments were conducted in two locations namely
BARI, Gazipur and Pulses Research Station (PRS),
Madaripur.

Tricho-compost Preparation: Fungal bio-control agent
T. harzianum was previously isolated from the soil. The
Isolated T. harzianum was initially propagated on
substrate containing a mixture of khesari bran, wheat
bran and mustard oilcake to obtain a formulated T.
harzianum. The formulated T. harzianum was used for
mass multiplication in two different mixtures of cow
dung based compost materials. One of those composts
contained cow dung and rice husk and the other
contained a mixture of cow dung, rice husk and poultry
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refuse. The formulated Trichoderma was added in
between two layers of compost materials and kept for
45-50 days maintaining the content
approximately 60-70% for rapid propagation of T.
harzianum in the compost materials. Based on compost
materials these composts were designated as Trico-
compost-1 and Trico-compost-2.

Pathogenic Fungal Inocula Preparation: The pure
cultures of the pathogenic fungi S. rolfsii and F.
oxysporum f. sp. ciceri were prepared on potato dextrose
agar (PDA) medium. The inoculum of these soil borne
pathogens were multiplied separately on a mixture of
wheat bran, khesari bran and mustard oilcake (MOC).
Seed Treatment: The T. harzianum was cultured in
potato dextrose agar (PDA) and potato dextrose broth
(PDB) media and the spores were harvested from 10
days odl culture serpaately. The seeds of chickpea (var.
BARI Chhola-5) were treated with the spore suspension
of T. harzianum maintaining the approximate spore
concentration of 1x108/ml. Similarly another set of
seeds were also treated with Provax 200 WP @ 2.5 g/kg
seeds at the time of sowing.

Pot Experiment: The pot experiment was carried out in
the pot green house of Plant Pathology Division,
Bangladesh Agricultural Research Institute (BARI),
Joydebpur, Gazipur during cropping season of 2011-
2012. There were six treatments viz. (i) seed treatment
with Provax 200 WP (ii) seed treatment with
Trichoderma spore suspension-1 (iii) seed treatment
with Trichoderma spore conducted in suspension-2 (iv)

moisture

soil amendment with Tricho-compost-1 (v with Tricho)
soil amendment -compost-2 and (vi) untreated control.
The pot experiment was completely randomized design
(CRD) with 5 replications. The sterilized pot (20 cm) soil
was inoculated with the S. rolfsii and F. oxysporum f. sp.
ciceri colonized substrate composed of wheat bran,
khesari bran and MOC @ 20g/kg soil. Inoculated soil was
incubated for 10 days maintaining proper soil moisture
then the soil was treated with formulated T. harzianum
@ 20 g/kg soil and kept for 7 days with proper soil
moisture. One hundred seeds of chickpea var. BARI
Chhola-5 were sown in each pot and allowed to emerge
the seedlings under congenial environment in the pot
house.

Field Experiment: The field trials were conducted in
the fields of Plant Pathology Division, BARI, Gazipur and
Pulses Research station, Madaripur during 2011-12 and
2012-13 cropping years. The treatment combinations
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were similar as used in the pot experiment such as (i)
Seed treatment with Provax 200 WP (ii) Seed treatment
with Trichoderma spore suspension-1 (iii) Seed
treatment with Trichoderma spore suspension-2 (iv) Soil
amendment with Tricho-compost-1 (v) Soil amendment
with Tricho-compost-2 and (vi) Untreated control. The
field experiments were laid out in randomized complete
block design (RCBD) with 3 replications. The unit plot
size was 2.5 m x 3 m. The field soil was inoculated with S.
rolfsii and F. oxysporum f. sp. ciceri colonized substrate
consisting of khesari bran, wheat bran and mustard
oilcake @ 100g/m? of soil and allowed the pathogen
establishment in the soil for 10 days before seed sowing.
The field soil was again treated with the Tricho-compost
@ 3t/ha and kept for 7 days. The seeds of chickpea var.
BARI Chhola-5 were sown in the experimental plots
maintaining row to row distance of 20 cm. Proper
intercultural operations were done for better growth of
chickpea in the field.

Data were collected on seedling mortality, shoot height,
shoot weight, root length, root weight and also the seed
yield of chickpea. Data were analysis by using MSTATC
program following the standard statistical procedures.
Treatment means computed using least significant
difference (LSD) test.

RESULTS

The performance of Tricho-inocula and Tricho-composts
in controlling foot and root (S. rolfsii) and wilt (F.

oxysporum f. sp. ciceri) diseases of chickpea was tested in
pot as well as in field experiments during the period
from 2011 to 2013. The results of one pot experiment
and two field experiments were discussed individually.
Germination and growth of chickpea seedlings were
significantly increased by the application of T. harzianum
under pot culture conditions (Table 1). Tricho-composts,
Tricho-inocula and Provax 200 WP were equally effective
for enhancing seedling emergence of chickpea up to 96%
as compared to untreated control (74.67%). Similarly,
seedling mortality was considerably reduced by different
formulations of T. harzianum (7.33-8.67%) and Provax
200 WP (6.33%) while it was higher in untreated control
pot (32.10%). Root and shoot growth of chickpea
seedlings were amplified to two folds over untreated
control due to T. harzianum where Tricho-composts
showed better effects in pot culture.

Chickpea shoot heights shoot weights
significantly accelerated in both the locations viz. Gazipur
and Madaripur districts due to the soil amendment with
T. harzianum and also seed treatment with Provax 200
WP as compared to untreated control plots (Table 2).
Among the treatments Tricho-compost-2 was found to be
the best treatment in both locations for augmenting the
chickpea shoot heights (25.60 cm and 42.63 cm) and
shoot weights (11.90 g and 22.40 g) where untreated
control showed inferior performance. Shoot growth of
chickpea was better in Madaripur than Gazipur location.

and were

Table 1. Role of T. harzianum on in reduction of seedling mortality and growth of chickpea under pot culture conditions

during 2011-2012.

Germination Seedling Shoot Shoot weight Rootlength Root weight
Treatments .

(%) mortality (%) length (cm) (g/plant) (cm) (g/plant)
Seed Treatment
Provax 200 WP 95.00 6.33 8.83 ¢ 3.70c 577 c 0.34c
Tricho-inocola-1 95.67 7.33 9.60 bc 473D 6.40b 0.43b
Tricho-inocola-2 92.33 7.33 10.03 b 3.93ab 6.48b 0.44 ab
Soil amendment
Tricho-compost-1 96.00 7.67 11.17 a 543 a 7.03 a 0.49 a
Tricho-compost-2 95.67 8.67 1290 a 553a 7.40 a 0.49 a
Untreated Control 74.67 32.10 7.20d 2.61d 4.57d 0.24d

Values in a column having same letter did not differ significantly (P=0.05) by LSD.

Root length of chickpea plants was significantly increased
in both Gazipur and Madaripur locations due to the soil
amendment with different formulation of T. harzianum
and seed treatment with Provax 200 WP as compared to
untreated control plots (Table 3). Besides, root weights
were significantly increased only in Gazipur location due
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to the soil amendment and seed treatment. The Tricho-
composts were found to be the better in both locations
for enhancing chickpea root heights and root weights
over the rest treatments. Better root growth of chickpea
was observed in Madaripur as compared with Gazipur
location.
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Table 2. Effect of T. harzianum on shoot growth of chickpea under Sclerotium rolfsii and Fusarium oxysporum f. sp. ciceri

inoculated field soils during 2011-2012.

Treatments

Chickpea shoot height in two locations (cm)

Chickpea shoot weight in two locations (g/plant)

BARI, Gazipur

PRS, Madaripur

BARI, Gazipur PRS, Madaripur

Seed treatment

Provax 200 WP 22.23 bc 39.40b 10.29 ab 2137 a
Tricho-inocola-1 19.90 ¢ 39.37b 9.75 ab 20.07 ab
Tricho-inocola-2 19.93 ¢ 39.03b 8.43 bc 19.88 ab
Soil amendment

Tricho-compost-1 22.40b 39.66 b 10.08 ab 21.50a
Tricho-compost-2 25.60 a 42.63 a 11.90a 22.40a
Untreated control 16.63d 35.90c 6.50 ¢ 17.96 b

Values in a column having same letter did not differ significantly (P=0.05) by LSD.
Table 3. Effect of T. harzianum on root growth of chickpea under Sclerotium rolfsii and Fusarium oxysporum f{. sp. ciceri

inoculated field soils during 2011-2012.

Treatments

Chickpea root length in two locations (cm)

Chickpea root weight in two locations (g/plant)

BARI, Gazipur

PRS, Madaripur

BARI, Gazipur PRS, Madaripur

Seed treatment

Provax 200 WP 9.97 ab 14.35 ab 3.54b 5.97
Tricho-inocola-1 10.60 ab 14.11b 3.57b 5.57
Tricho-inocola-2 9.73b 14.36 ab 3.52b 5.47
Soil amendment

Tricho-compost-1 10.87 a 14.43 ab 3.70 ab 5.92
Tricho-compost-2 1143 a 15.13 a 3.80a 6.03
Untreated control 8.27¢c 13.08 ¢ 2.38¢ 4.87

Values in a column having same letter did not differ significantly (P=0.05) by LSD.

Seedling mortality of chickpea was sharply reduced in
Gazipur as well as Madaripur locations due to the soil
amendment with Tricho-composts and seed treatment
with Tricho-inocula and Provax 200 WP as well (Table 4).
The range of seedling mortality was higher in Gazipur
(4.46-13.23%) than that in Madaripur (6.14-10.29%)
whereas untreated control plots showed much higher
mortality (25.23% and 25.80%). The grain yield of
chickpea was significantly increased over untreated
control plot in both locations though the treatment effects
did not differ statistically among themselves. The percent
increase in chickpea grain yield was higher in Gazipur
(35.68-45.09%) and lower in Madaripur (21.25-24.99%).
The results of the second year field experiment showed
distinct variation among the tested treatments with
respect to seedling mortality and grain yield of chickpea
both in Gazipur and Madaripur locations (Table 5). In
Gazipur location maximum seedling mortality (28.67%)
was recorded in the untreated control plot followed by

76

Tricho-inocula, Provax 200 WP, and Tricho-compost
treated plots. Tricho-composts gave lower seedling
mortality (6.33-6.67%) as compared to Provax 200 WP
(9.67%) and Tricho-inocula (15.00-16.67%). The trend of
seedling mortality in Madaripur location was almost
similar to that of Gazipur location.

The grain yield of chickpea was significantly increased in
both Gazipur and Madaripur locations due to T.
harzianum and Provax 200 WP (Table 5). In Gazipur
location the grain yield was ranged from 2089 kg ha! to
2711 kg hal among the treated plots and it was lower
(1689 kg ha'l) in the untreated control plot. Similarly,
better grain yields (1625-1755 kg hal) were obtained
from the treated plots of Madaripur location where
minimum grain yield (1345 kg ha'l) was recorded from
the untreated control plot. Both Gazipur and Madaripur
locations showed a sharp increase in chickpea grain
yields ranging from 19.15-37.69% and 17.23-23.36%
respectively, due to various treatments (Table 5).
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Table 4. Effect of T. harzianum on seedling mortality and grain yield of chickpea under S. rolfsii and F. oxysporum f. sp.

ciceri inoculated field soils during 2011-2012.

Treatments Seedling mortality in two Chickpea yield in two Yield increased over
locations (%) locations (kg/ha) control (%)
BAR], PRS, BAR], PRS, BAR], PRS,
Gazipur Madaripur Gazipur Madaripur Gazipur Madaripur

Seed treatment

Provax 200 WP 11.26 6.14 2667 a 1624 ab 40.65 22.17

Tricho-inocola-1 13.11 9.35 2460 a 1605 b 35.65 21.25

Tricho-inocola-2 13.23 10.29 2500 a 1609 b 36.68 21.44

Soil amendment

Tricho-compost-1 5.00 8.22 2583 a 1663 ab 38.72 23.99

Tricho-compost-2 4.46 6.73 2883 a 1685 a 45.09 24.99

Untreated control 25.23 25.80 1583 b 1264 c - -

Values in a column having same letter did not differ significantly (P=0.05) by LSD.
Table 5. Effect of T. harzianum on growth and grain yield of chickpea under S. rolfsii and F. oxysporum f. sp. ciceri

inoculated field soils during 2012-2013.

Treatments Seedling mortality in two Chickpea yield in two Yield increased over
locations (%) locations (kg/ha) control (%)
BARI, PRS, BAR], PRS, BAR], PRS,
Gazipur Madaripur Gazipur Madaripur Gazipur Madaripur

Seed treatment

Provax 200 WP 9.67 3.14 2356 ab 1684 ab 28.31 20.13

Tricho-inocola-1 15.00 3.35 2089 ab 1625b 19.15 17.23

Tricho-inocola-2 16.67 3.29 2200 ab 1655 ab 23.22 18.73

Soil amendment

Tricho-compost-1 6.33 3.22 2356 ab 1683 ab 28.31 20.08

Tricho-compost-2 6.67 2.73 2711a 1755a 37.69 23.36

Untreated control 28.67 13.80 1689 b 1345 ¢ - -

Values in a column having same letter did not differ significantly (P=0.05) by LSD.

Therefore, considering the reduction of seedling mortality
and enhancing of grain application of T. harzianum under
pot culture conditions (Table 1). Tricho-composts,
Tricho-application of T. harzianum under pot culture
conditions (Table 1). Tricho-composts, Tricho-yield of
chickpea, the effect of Tricho-composts were seemed to
be superior over Tricho-inocula and Provax 200 WP.
DISCUSSION
The saprophytic fungus Trichoderma was found in
almost all agricultural soil that had been investigated
as potential biocontrol agents because of their ability to
reduce the incidence and severity of disease caused by
plant pathogenic fungi, particularly many soil borne
pathogens (Freeman et al, 2004, Ashrafizadeh et al,
2005, Dubey et al., 2007), although some have been
occasionally recorded as plant pathogens (Menzies,

1993). The use of Trichoderma as a biological agent of
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plant diseases had long been known (Tran 1998) but its
potentiality in Bangladesh agriculture was yet to be
explored. Therefore, soil application of Tricho-composts
as well as seed treatment with Trichoderma inocula were
evaluated against seedling diseases of chickpea in the pot
house as well as in the field of two different agro
ecological locations at Gazipur and Madaripur. Results
came out from the studies proved that Trichoderma spp.
cultured on compost materials could be used to control
soil borne pathogens S. rolfsii and F. oxysporum f. sp. ciceri
causing foot and root rot and wilt diseases of chickpea.

Several media and protocols for mass scale production of
T. harzianum spore on costly conventional synthetic
media were aimed especially to produce conidia,
mycelium and chlamydospore. Therefore cost effective
substrates such as wheat bran, khesari bran and rice bran
alone or in combination with mustard oilcake were used
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for mass production of T. harzianum useful for large scale
soil amendment. The results clearly indicated that Tricho-
compost having biological control agent T. harzianum
provided effective protection measure against seedling
diseases of chickpea and also caused plant growth
promotion with higher grain yield of chickpea. Different
workers reported that the antagonistic activity of
different  Trichoderma  isolates against
phtyopathogenic fungi such as R. solani, F. oxysporum and
S. rolfsii (Deshmukh & Raut, 1992, Xu et al., 1993, Askew
& Laing, 1994). It was reported that locally available
organic media viz., coir pith, cow dung, and neem cake
were the excellent sources of nutrition for antagonistic
fungi like T. harzianum and T. viride (Rini & Sulochana,
2007). Besides, cow dung and neem cake mixture was
reported as a recommended practice for field
multiplication of Trichoderma (Jose et al., 2002). On the
other hand several reports showed that soil and foliar
application of T. harzianum reduced the population of
soil-borne phytopathogens, especially S. rolfsii, F.
oxysporum, Rhizoctonia solani and S. sclerotiorum (Sivan
et al,, 1984, Hoitink & Boehm, 1999). Thus it was revealed
from the investigation that soil amendment with Tricho-
compost was most effective option for reducing seedling
mortality and increasing plant growth as well as for
higher yield of chickpea. The other options were seed
treatment with chemical fungicide Provax 200 WP or T.
harzianum inocula for reducing seedling mortality and
higher yield of chickpea.
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Abstract:

Effectiveness of three organic substrates rice bran, wheat bran, grass pea bran and their combinations mixed with or
without mustard oilcake (MOC) were tested to formulate Trichodermaharzianumbased bio-fungicides for the
management of seedling rot disease of cabbage in the seedbed soil under pothouse condition. The seedbed soil was
inoculated with pathogen Rhizoctonia solancolonized on barley grain before treatment with T. harzianumbased
bio-fungicides. T. harzianumbased bio-fungicides were effective to reduce pre-emergence and post-emergence
mortality of cabbage seedling under R. solaniinoculated seedbed condition. Besides, vegetative growth of cabbage
seedlings viz. shoot length, shoot weight, root length and root weight were enhanced significantly by the different
substrates based T. harzianumbio-fungicides in R. solanisick seedbed condition. The individual (rice bran, wheat
bran, grass pea bran) and combination of substrates (rice bran + wheat bran, rice bran + mustard oilcake, rice bran +
wheat bran + MOC and wheat bran + grass pea bran + MOC) were equally suitable for mass production of effective
T. harzianunbio-fungicides for the management of seedling rot disease of cabbage in seedbed condition.

Key Words:Trichoderma harzianunhio-fungicide, Rhizctonia solanicabbage seedling rot, seedbed.

Introduction

Many soil borne fungi play a major role in causing several diseases such as damping-off, root-rot, seed decay, collar
rot, crown rot and wilt, etc. Cabbage, an important vegetable crop is attacked by several diseases, mostly caused by
fungi and bacteria leading to severe crop losses. Among the fungal diseases, the damping off/seedling rot incited by
Rhizoctonia solaniKuehn is a major constraint in the production of cabbage seedlings. Rhizoctonia solanis
essentially soil-borne pathogen which inflicts heavy losses under favorable condition (Seema and Devaki, 2010).
The management of this disease is difficult owing to long saprophytic survival ability of this pathogen in soil (Dey,
2005). Reduction or elimination of soil borne inoculum is the only effective solution to overcome the problem and
this may be achieved through use of effective fungal antagonists. Harman et al. (2004) reported biological and
cultural control measures as two alternatives feasible options to synthetic pesticides in an integrated diseases
management program. Control of the plant diseases by chemicals can be spectacular but this is relatively a short
term and moreover, the accumulation of the harmful chemical residues sometimes causes serious ecological
problem. In recent years, the increasing use of potentially hazardous pesticides and fungicides in agriculture has
been the result of growing concern of both environmentalists and public health authorities. Biological methods, on
the other hand can be economical, long lasting and free from residual side effects and also consider as a potentially
powerful alternative method (Kulkarni et al, 2007; Anand and Reddy, 2009). Various fungal species are used as
biological agents that effectively control plant diseases, and about 90% of such bio-control agents are different
strains of T. harzianum T. virens T. viride (Benitez et al, 2004). The fungus Trichodermapossesses different
mechanisms to combat the targeted pathogen such as mycoparasitism, competition for space and nutrients, secretion
of antibiotics and fungal cell wall degrading enzymes for the inhibition of growth and reproduction of
phytopathogens (Kubicek et al, 2001; Howell, 2003; Benitez et al, 2004; Harman et al, 2004). In addition,
Trichodermahave a stimulatory effect on plant growth (Naseby et al 2000) as a result of modification of soil
conditions. The biological control of R. solanithrough Trichodermaspp. is being used as an alternate option to
chemical fungicides (Limon et al, 1999; Rey et al, 2001). The fungus T. harzianumis naturally present in soil
usually in low population. Boosting up of its population density through artificial inoculation is necessary to achieve
successful management of the targeted fungus in the soil. A suitable substrate earrier-materials for mass culture of T.
harzianumin the laboratory is to be finding out (Harman et al.,1991). Several research reports reveal that rice bran,
wheat bran, maize bran, sawdust (Das et al., 1997); rice straw, chickpea bran, grasspea bran, rice course powder,
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