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ABSTRACT

A pot culture study was conducted to see the effect of organic and
inorganic plant nutrients on the survival of Trichoderma in soil with
tomato plants. How Trichoderma influences tomato plant growth is also
assessed under different regimes of plant nutrients. Farmyard manure
(FYM), vermicompost, and NPK were used in different combinations to
assess their effect. Among the treatments applied with plant nutrients,
the population of Trichoderma was maximum at 15 DAS with NPK (39.31
x 104 cfu/g of soil) followed by FYM (26.41 x 104 cfu/g of soil) and
vermicompost (23.33 x 104 cfu/g of soil). The highest mean plant height
and the number of leaves at 60 DAS were observed in 50% NPK + 50%
Vermicompost (50.50 cm and 47.83 respectively) followed by 50% NPK +
50% FYM (46.33 cm and 45.41 respectively). The highest mean number
of branches and leaf area of tomato plants were observed with 50% NPK
+ 50% Vermicompost followed by 50% NPK + 50% FYM. The treatments
incorporated with plant nutrients (FYM, Vermicompost, and NPK) showed
a positive result on the growth parameters of the tomato plant.
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INTRODUCTION

Unrelenting research on Trichoderma spp. has flowering plants (Celar and Valic, 2005) and
made them one of the most promising bio-control increases phosphorus uptake by plants (Rudresh et
agents against plant diseases (Elad et al., 1984; al., 2005).

Lui and Baker, 1980) and now they are the most
widely used biopesticides against plant diseases.
Trichoderma spp. has provided one of the first

Trichoderma spp. is better rhizosphere colonizers
than plant pathogenic fungi. Trichoderma colonizes
and penetrates plant root tissues inducing a series

economical antagonistic control methods against of changes in the plant leading to induced systemic
soil-borne pathogens like Fusarium, Sclerotium, resistance (ISR) in the entire plant (De Meyer et al.,

Phytophthora, and I.Dythium ete. (Ballckman and 1998). Trichoderma enhances plant growth by
Kabana, 1975). Trichoderma species possess improving stress tolerance and making nutrients

various mechanisms _to affect the growth of plant available to plants (Sathiyaseelan et al., 2009). It is
pathogens, control diseases, and improve overall necessary to study ecology and many other factors

plant health (Singh et al., 2004). Biological o.ontrol that could affect the performance of the biocontrol
has established itself as a safe and eco-friendly agent keeping in view the variability in soil and

alterr?ative to chemical management. Tric_hoderma atmospheric environment in the field situations
spp. is among the most studied fungal bio-control (Cook and Baker, 1983; Papavizas, 1985 Lewis and
agents and is commercially marketed as Papavizas, 1991)

biopesticides (Kamala and Devi, 2012).
Agricultural inputs are mostly added to soil

including Trichoderma a living fungus. So, for
effective performance in bio-control of soil-borne
plant pathogens, the externally applied Trichoderma
must survive and grow in the soil and rhizosphere
(Garrett, 1956). Understanding the effect of soil
factors, especially nutritional aspects on
Trichoderma spp. may provide clues about their

Trichoderma has several beneficial attributes
that include antifungal, insecticidal, soil remedial,
plant growth-promoting, and rhizosphere
colonizing attributes (Singh et al., 2004). It also
produces antibiotics, vitamins, and hormones that
contribute to its bio-control performance (Rojan et
al., 2010). It enhances seed germination of
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in-situ performance on biological control of plant
pathogenic fungi and their effect on crop plants.
Therefore, the present investigation was carried
out to study the effect of some plant nutrients on
the survival and proliferation of Trichoderma spp.
in soil and the effect on tomato plants.

MATRIALS AND METHODS

The investigation was carried out in the
laboratory and experimental greenhouse of the
Department of Plant Pathology, School of
Agricultural Sciences and Rural Development,
Nagaland University, Medziphema Campus,
Nagaland.

Source of Trichoderma:

Talc formulation of Trichoderma having an
average cfu count of 13 x 104 was obtained from
the Department of Plant Pathology, School of
Agricultural Sciences and Rural Development,
Nagaland University, Medziphema Campus.

Culture media:

Trichoderma selective media (TSM) with the
below-mentioned composition was used for
estimating the Trichoderma population in the soil.

Composition of TSM

Magnesium sulphate (MgS0a4): 0.2¢g
Dipotassium hydrogen phosphate (K2HPO4) : 0.9g
Potassium chloride (KCl):  0.15g

Ammonium nitrate (NH4NO3z) :  1.0g

Glucose: 3.0g

Agar agar: 20g

Chloramphenicol :  0.25g
Metalaxyl : 0.3g

Rose Bengal: 0.15g
Captan: 0.02g

Water: 1000 ml.

Evaluation of organic and inorganic sources of
plant nutrients on Trichoderma

The in vivo pot culture experiment was
conducted using pots of 22 cm diameter and 19
cm height approximately containing 6 kg of soil.
The experiment was laid out in Completely
Randomized Design (CRD) with seven treatments
and four replications each. Tomato crop of variety
Samruhi F1 hybrid was sown @ ten seeds/pot.
Organic nutrients viz. FYM (Farm Yard Manure, @5
t hal), vermicompost (1 t ha?l), and inorganic
nutrients viz. urea (150 kg ha'l), SSP (90 kg ha1),

and MOP (90 kg ha) were used to assess the effect
of their application on the test isolate of
Trichoderma. The total number of treatments is
seven and the number of plants is three/pot. The
treatments were Ti- NPK, T2-FYM, T3-Vermicompost,
Ta-50% NPK+ 50% FYM, Ts5-50% NPK+ 50%
Vermicompost, Te-50% FYM+ 50% Vermicompost
and To-control-only Trichoderma without any plant
nutrient. FYM and vermicompost were applied at the
recommended dose. For NPK, nitrogen was applied
in two split doses, the first dose was given at pot
filling and the remaining dose was applied at 45
days after sowing of the crop. The required amount
of these nutrients was incorporated at the time of
pot filling.

Application of Trichoderma

Talc formulation of Trichoderma was applied at
10g/pot at the time of pot filling with a pot size of 22
cm diameter, 19 cm height, and approximately
containing 6 kg of soil.

Estimation of Trichoderma population from treated
soil

The estimation of Trichoderma population was
done at 15 days interval by collecting the soil sample
from the pots under study using the dilution plating
technique. One gram of air-dried representative
rhizosphere soil sample from each treatment having
tomato crop was separately mixed in nine ml of
sterile distilled water in the test tube to obtain 10-1
dilution. This soil suspension was serially diluted to
102, 103, and 103. Dilution of 104 was used for
monitoring Trichoderma from inoculated treatments
at 15, 30, 45, and 60 DAS.

One hundred pL of each diluted soil suspension
was pipetted out with the help of a micropipette onto
Petri plates containing TSM medium under aseptic
conditions in a laminar chamber and spread with a
sterile spreader. The inoculated plates were
incubated at 28 + 1 °C for 4 days. Observations on
the number of colony-forming units (cfu) of
Trichoderma were recorded.

Observations taken

The percent germination of tomato seeds was
calculated using the formula-

Percent
Number of seed germinated

germination =
100

Number of seeds planted

The observation was recorded on the 15t day
after sowing. The observations of number of leaves
per plant, number of branches per plant, and leaf
area (cm?2) were recorded at 15 DAS and it was
continued for a period of two months at 15 days

109|4-6|117



Madras Agric. J., 2023; https://doi.org/10.29321/MAJ.10.000599

RS
Spz-

intervals. The plant heights in (cm) were measured
from the ground level to the base of the terminal
leaf, commencing from 15 days after sowing, with
the help of a linear scale at 15 days interval for a
period of 2 months. Freshly uprooted tomato
plants were rinsed in running water and weighed
(g) 60 DAS of the crop. The mean weight of three
tomato plants/pot was taken for the fresh weight.

The data were subjected to analysis by Fisher's
method of analysis of variance. The significance of
variance among the data was calculated out by
calculating the ‘F’ value and comparing it with the
tabulated value of ‘F’ (Senedecor and Cochran,
1967). The treatment means were also compared
among themselves by calculating Critical
differences (CD) as follows:

CDoos = S.Ed x toos for error degrees of
freedom

The standard error of difference of mean (S.Ed)
was calculated by using the formula:

S.Ed+= 2 Xerror mean square
U number of replication

Where S.Ed = standard error difference.

To.os5 = Table value of student’s ‘t’ obtained
at 5 % probability test.

The percentage value and population
numbers were transformed into corresponding
values by Arc sine transformation and square root
transformation.

RESULTS AND DISCUSSION

Effect of Trichoderma in presence of organic and
inorganic sources of plant nutrients on tomato

Germination percentage

The results of different treatments recorded at
15 DAS is depicted in Table 1. The highest
germination % was recorded in Trichoderma +
NPK (97.50 %) followed by Trichoderma + 50 %
FYM + 50 % Vermicompost (92.50 %), however all
the treatments are statistically at par.

Trichoderma spp. employ several mechanisms
in influencing seed germination and seedling
vigour (Zheng and Shetty, 2000; Celar and Valic,
2005). Rehman et al. (2013) reported that
maximum germination per cent was obtained from
seedbed treatment with T. harzianum + FYM
(91.60%) and seed treatment with T. harzianum
(89.99%) as compared to control (73.80%).

Khan et al. (2014) reported application of
Trichoderma spp. reduced the inhibitory effect of
the pathogens viz. Fusarium oxysporum and R.
solani on seed germination resulted in a

significant increase in seed germination, plant
growth, and yield.

Table 1. Effect of Trichoderma in presence of
organic and inorganic sources of plant nutrients on
germination % of tomato

TREATMENTS GERMINATION %

(15 DAS)

To - Trichoderma (Control) 87.50

T1 - Trichoderma + NPK 97.50
T2 - Trichoderma + FYM 85.00
Ts - Trichoderma + 90.00
Vermicompost

T4 - Trichoderma + 50% 85.00
NPK + 50% FYM

Ts - Trichoderma + 50% 85.00
NPK + 50% Vermicompost

Tes - Trichoderma+ 50% 92.50
FYM + 50% Vermicompost

SEM + 6.65
CD (p=0.05) 9.58(NS)
Plant height

The data pertaining to the effect of various
treatments in relation to plant height at 15, 30, 45,
and 60 DAS is presented in Table 2. The maximum
plant height at 60 DAS was recorded at Trichoderma
+ 50% NPK + 50% Vermicompost (50.50). The two
treatments gave statistically significant results
compared to the last mean control (Trichoderma)
that recorded a plant height of 42.66 cm at 60 DAS
followed by Trichoderma + 50 % NPK + 50 % FYM
(46.33) and Trichoderma + 50 % FYM + 50 %
Vermicompost (43.08). It is evident from the result
that a reduced dose of NPK and the addition of
Vermicompost is having a positive role in the
increase in plant height. This is true in the case of
the addition of FYM too.

The results of the present study are also in close
agreement with the findings of Sundaramoorthy and
Balabaskar (2013) who reported that tomato plants
treated with T. harzianum (ANR-1) isolate showed a
significant increase in plant height and dry weight.

Similar findings to the present investigation were
reported by Ganesan et al. (2007) that stem rot of
groundnut caused by Sclerotium rolfsii is controlled
significantly by Trichoderma harzianum which also
increases the plant growth. Yaqub and Shahzad
(2008) reported that, maximum plant height was
obtained with seed-pelleting with T. harzianum.
There are many reports of Trichoderma spp.
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effectively increasing plant growth and controlling
plant diseases (Rudresh et al., 2005; Kleifeld &
Chet, 1992; Elad et al., 1980).

Table 2: Effect of Trichoderma in presence of
organic and inorganic sources of plant nutrients
on plant height of tomato

Table 3. Effect of Trichoderma in presence of
organic and inorganic sources of plant nutrients on
number of leaves of tomato

Number of leaves at different DAS

Plant height (cm) at different DAS

TREATMENTS

15 30 45 60

To - 6.33 15.83 34.58 42.66
Trichoderma
(Control)

T1- 6.65 15.90 34.247 39.99
Trichoderma +
NPK

T2- 5.37 12.83 26.25 36.91
Trichoderma +
FYM

Ts-Trichoderma 591 14.75 36.33 42.41
+

Vermicompost

Ta- 6.36 16.99 34.58 46.33
Trichoderma +

50% NPK +

50% FYM

Ts - 6.10 15.75 38.58 50.50
Trichoderma +

50% NPK +

50%

Vermicompost

Te - 5.64 14.91 35.75 43.08
Trichoderma +

50% FYM +

50%

Vermicompost

SEM+ 0.39 1.29 3.00 1.70
CD (p=0.05)

1.17(NS)  3.81(NS) 8.82(NS)  5.00(S)

TREATMENTS 15 30 45 60

To - 3.91 12.91 29.08 37.91
Trichoderma

(Control) (2.09) (3.65) (5.41) (6.18)
T1 - 3.75 11.82 27.08 40.25
Trichoderma +

NPK (2.00) (3.48) (5.22) (6.33)
T2- 3.25 9.50 20.33 32.33
Trichoderma +

FYM (1.931) (3.15) (4.55) (5.72)
Ts - 2.72 10.47 32.16 35.91
Trichoderma +

Vermicompost (1.78) (3.30) (5.70) (6.02)
Ta - 3.65 13.16 28.66 45.41
Trichoderma +

50% NPK + (2.03) (3.67) (5.37) (6.77)
50% FYM

Ts - 3.24 10.91 33.00 47.83
Trichoderma +

50% NPK + (1.93) (3.37) (5.75) (6.95)
50%

Vermicompost

Te - T+ 50% 3.08 10.83 27.74 39.24
FYM + 50%

Vermicompost (1.88) (3.34) (5.29) (6.29)
SEM + 0.13 0.18 0.28 0.23
CD (p=0.05) 0.39(NS) 0.54(NS) 0.82(NS) 0.67(S)

Number of leaves

The result of different treatments on the
number of leaves at 15, 30, 45 and 60 DAS is
presented in Table 3. The maximum number of
leaves was recorded at 60 DAS in Trichoderma +
50 % NPK + 50 % Vermicompost treatment
(47.83) which is statistically different from the
other treatments when compared to 37.91
number of leaves in control, followed by
Trichoderma + 50 % NPK + 50 % FYM (45.41).

Naznin et al. (2015) reported a combination of
organic and biocontrol agents Trichoderma
increases the plant height, number of leaves per
plant, and other plant growth parameters leading
to higher yield.

N.B.- Values in parenthesis are square root transformed values
Number of branches

The result of the effect of Trichoderma in
presence of organic and inorganic sources of plant
nutrients on number of branches at 15, 30, 45, and
60 DAS is presented in the Table 4. The highest
number of branches at 60 DAS was recorded at
Trichoderma + 50 % NPK + 50 % Vermicompost
(8.07) followed by Trichoderma + 50 % NPK + 50 %
FYM (7.91).

The results of the present study also are in close
agreement with the findings of Gomaa and
Mohamed (2000), that T. harzianum significantly
increases plant height, number of leaves, fresh and
dry weights of leaves, number of branches, and fresh
and dry weights of branches per plant in dahlia

The present findings are also in line with Sharf et
al. (2014) who reported that the combined
application of Trichoderma and nitrogenous fertilizer
in their treatment T-8 improved all the growth
parameters as well as the biochemical parameters
of a red kidney bean. This confirms the findings of
Khair et al. (2010) who reported a significant
increase in the number of branches in all
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Trichoderma treatments. Better and fast growth in
plants can result in the enhanced development of
various plant parts and higher growth leads to
more branching. This may be due to the action of
Trichoderma in growth enhancements which also
involves the decomposition of organic materials
and solubilization of insoluble compounds to make
more minerals available to plants in forms that can
be utilized by them as was reported by Inbar et al.
(1994); Manoranjitham et al. (2001) and Uddin et
al. (2011).

Table 4. Effect of Trichoderma in presence of
organic and inorganic sources of plant nutrients on
number of branches of tomato

seeds with T. harzianum enhances the rate of
photosynthesis, plant biomass, plant height, and leaf
area. The fungus T. harzianum when applied to
pathogen-free soil, induced an increase in the
emergence of seedlings, plant height, leaf area, and
dry weight. Trichoderma induced growth response
has been reported for various plant species including
bean, cucumber, periwinkle and petunia (Kleifeld
and Chet, 1992). Mechanisms of enhanced growth
in the plant by Trichoderma have been explained by
many authors (Inbar et al., 1994, Srivastava (2004)
and Shabir et al. (2012).

Table 5.Effect of Trichoderma in presence of organic
and inorganic sources of plant nutrients on leaf area
of tomato

TREATMENTS Number of branches at different

DAS

30 45 60
To - Trichoderma 3.08 5.83 7.08
(Control)

(1.89) (2.51) (2.75)
T1 - Trichoderma + NPK 291 6.04 7.58

(1.83) (2.54) (2.83)
T2 - Trichoderma + FYM 2.3 4.66 7.08

(1.67) (2.27) (2.75)
Ts - Trichoderma + 2.25 591 6.66
Vermicompost

(1.65) (2.44) (2.67)
T4 - Trichoderma + 50% 2.81 5.75 7.91
NPK + 50% FYM

(1.81) (2.49) (2.90)
Ts - Trichoderma + 50% 2.16 5.99 8.07
NPK + 50%
Vermicompost (1.63) (2.54) (2.92)
Te - Trichoderma + 50% 2.41 5.50 7.40
FYM + 50%
Vermicompost (1.69) (2.44) (2.80)
SEM £ 0.08 0.08 0.04
CD (p=0.05) 0.24(NS) 0.24(NS) 0.14(S)

Leaf area (cm2) at different DAS

TREATMENTS 15 30 45 60
To - Trichoderma 2.58 8.38 8.91 21.6
(Control) 2

T1 - Trichoderma + 2.30 8.26 12.7 25.0
NPK 6 2

T2 - Trichoderma + 2.43 8.11 11.0 24.7
FYM 6 1
Ts- 2.19 8.02 9.71 27.4
Trichoderma+Vermico 3
mpost

T4 - Trichoderma + 2.54 6.86 10.6 28.3
50% NPK + 50% FYM 5 5

Ts - Trichoderma + 1.77 8.27 13.8 30.7
50% NPK + 50% 8 3
Vermicompost

Te - Trichoderma + 2.39 7.88 7.60 20.8
50% FYM + 50% 1 5
Vermicompost

SEM+ 0.12 0.77 1.06 2.04
CD (p=0.05) 0.37(S)  2.27(NS) 3.13(S) 6.00(S)

N.B.-Values in parenthesis are square root transformed values
Leaf area

The data pertaining to effect of various
treatments in relation to leaf area in cm2 at 15,
30, 45 and 60 DAS is presented in Table 5. The
maximum leaf area at 60 DAS was recorded at
Trichoderma + 50 % NPK + 50 % Vermicompost
(30.73 cm?2) which is statistically at par with
Trichoderma + Vermicompost (27.43 cm2) and
Trichoderma + 50 % NPK + 50 % FYM (28.35)
which is significantly different from Trichoderma +
50 % FYM + 50 % Vermicompost (20.85 cm?2).

The present findings are also in line with Rawat
et al. (2011) and Dominguez et al. (2016) who
reported that treatment of rice, wheat, and tomato

Trichoderma population

The data pertaining to the effect of organic and
inorganic sources of plant nutrients on the survival
of Trichoderma in the soil at 15, 30 45, and 60 DAS
is depicted on Table 6.

The Trichoderma population increases
significantly at 15 DAS in all the treatments
thereafter the population decline to 30 DAS.

Papavizas et al. (1982) reported that
Trichoderma and Gliocladium multiply greatly after
addition to soil as dry formulation from an initial
amount of 5x 103 to a maximum of 6-7 x 106
conidia/g of soil of various organic matter content.

Most of the organic and inorganic sources of
plant  nutrients showed compatibility  with
Trichoderma. The findings of the present
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investigation are in line with the work done by Bhai
and Thomas (2010) who reported that NPK
(75:75:150) and Trichoderma were compatible.

The highest population at 15 DAS was recorded
in Trichoderma + NPK (39.31 x 104 cfu/g)
followed by Trichoderma + FYM (26.41 x 104
cfu/g). This finding is also in line with the work
done by Gangwar et al. (2013) who reported that
soil + FYM (1:1) was found to support maximum
population growth of T. harzianum (78.33 x 104

cfu/g).

Table 6.Effect of organic and inorganic sources
of plant nutrients on survival of Trichoderma in soil

Trichoderma population at different DAS

TREATMENTS [Average no. of cfu/g x(10%)]

15 3 45 60

To - 14.58 7.92 19.00 19.25
Trichoderma
(Control)

T1- 39.31 7.00 6.83 15.75
Trichoderma +
NPK

T2 - 26.41 12.16 8.00 17.75
Trichoderma +
FYM

Ts- 23.33 13.58 11.58 12.66
Trichoderma
+Vermicompost

Ta - 11.66 11.41 18.00 16.08
Trichoderma +

50% NPK +

50% FYM

Ts - 14.08 12.58 9.16 14.91
Trichoderma +

50% NPK +

50%

Vermicompost

Te - 12.25 11.91 6.91 12.08
Trichoderma +

50% FYM +

50%

Vermicompost

SEM £ 4.32 2.34 1.36 1.66

CcD 12.72(S)  6.88(NS) 4.00(S)
(p=0.05)

4.88(NS)

The present findings are in close agreement with
the findings of Azarmi et al. (2011) who reported
that the fresh weight of plant increased significantly
when treated with Trichoderma. Khair et al. (2010)
reported that Trichoderma significantly increased the
fresh weight of bean plants. Similar results were
reported by Uddin et al. (2011) where higher fresh
shoot and root weight as well as fresh seedling
weight in egg plant and tomato plants when treated
with Trichoderma. This confirms the findings of the
present study. This stimulatory effect of Trichoderma
may be due to its interaction with plants in the root
zones forming symbiotic associations thereby
increasing plant nutrient content in the soil by
breaking down complex organic matter; and nutrient
exchange (Howell, 2003; Harman, 2006).

Table 7. Effect of Trichoderma in presence of
organic and inorganic sources of plant nutrients on
fresh weight of tomato plant

FRESH WEIGHT

TREATMENTS (g) * (60 DAS)
To - Trichoderma (Control) 13.54
T1 - Trichoderma + NPK 12.84
T2 - Trichoderma + FYM 14.09
T3 - Trichoderma + 13.28
Vermicompost
T4 - Trichoderma + 50% 12.98
NPK + 50% FYM
Ts- 13.34

Trichoderm+50%NPK+50%
Vermicompost

Te — Trichoderma + 50% 13.92
FYM + 50% Vermicompost

SEM+ 0.62

CD (p=0.05) 1.83(NS)

Fresh weight

The effect of different treatments on the fresh
weight of the tomato plant at 60 DAS is presented
in Table 7. The highest fresh weight was recorded
in Trichoderma + FYM (14.09) followed by
Trichoderma + 50% FYM + 50% Vermicompost
(13.92) and Trichoderma + Vermicompost (13.34).
There is no significant difference among the
treatments including control in terms of fresh
weight of the tomato plant.

(* Mean weight of three plants/pot)
CONCLUSION

It may be concluded from the present findings
that the effect of Trichoderma in presence of plant
nutrients showed a positive result on the growth
parameters of tomatoes such as plant height,
number of leaves, number of branches, and leaf
area. Trichoderma could be integrated with different
plant nutrients especially organic manure like FYM
and vermicompost for better crop production.
However, field investigation is imperative to clarify
the effective utilization of Trichoderma under
different biotic and abiotic conditions and further
studies should be conducted to see the performance
and survivability of Trichoderma in field conditions.

109]4-6/121



Madras Agric. J., 2023; https://doi.org/10.29321/MAJ.10.000599

RS
Spz-

Funding and Acknowledgment

The authors gratefully acknowledge the
facilities extended by HoD, Dept. of Plant
Pathology, SASRD: NU for carrying out this piece of
research work.

Ethics statement

No specific permits were required for the
described field studies because no human or
animal subjects were involved in this research.

Consent for publication
All the authors agreed to publish the content.
Competing interests

There were no conflict of interest in the
publication of this content

Author contributions

Conceptualization-AL, SB, Experiments- AL,
Guidance -SB, Writing original draft - AL, Writing-
reviewing &editing -SB

REFERENCES

Azarmi, R., Hajieghrari, B. & Giglou, A. 2011. Effect of
Trichoderma isolates on tomato seedling growth
response and nutrient uptake. Afr. J. Biotechnol.
10 (31): 5850-5855.

Backman, P. A. and Kabana, R. 1975. A system for
growth and delivery of biological control agents to
the soil. Ind. Phytopathol. 65: 819-821.

Bhai, A. and Thomas, J. 2010. Compatibility of
Trichoderma harzianum (Rifai) with fungicides,
insecticides and fertilizers. Znd. Phytopathol. 63 (2)
: 145-148.

Celar, F. and Valic, N. 2005. Effects of 7richoderma spp.
and Gliocladium roseum culture filtrates on seed
germination of vegetables and maize. J. Plant Dis.
Prot. 112: 343-350.

Cook, R. J. and Baker, K. F. 1983. The nature and
practice of biological control of plant pathogens.
American  Phytopathological ~Society, St.Paul.
Minnesota. pp 539.

De Meyer, G., Bigirimana, J., Elad, Y. and Héfte, M.
1998. Induced systemic resistance in 7richoderma
harzianum T39 biocontrol of Botrytis cinerea. Eur.
J. Plant Pathol. 104: 279-286.

Dominguez, S., Rubio, M. R., Cardoza, R. E., Gutiérrez,
S., Nicholas, C. and Bettiol, W. 2016. Nitrogen
metabolism and growth enhancement in tomato
plants challenged with T7richoderma harzianum
expressing the Aspergillus nidulans acetamidase
amdsS gene. Front, Microbiol. 7: 1182.

Elad, Y., Barak, R. and Chet, I. 1984. Parasitism of
sclerotia of Sclerotium rolfsii by Trichoderma
harzianum. Soil Biol. Biochem. 16: 381-386.

Elad, Y., Chet, 1. and Katan, J. 1980. Trichoderma
harzianum: a biocontrol agent effective against S.
rolfsiiand R. solani. Phytopathology. 70: 119-121.

Ganesan, S., Kuppusamy, R. G. and Sekar, R. 2007.

Integrated management of stem rot disease
(Sclerotium rolfsii) of groundnut (Arachis hypogaea
L.) using Rhizobium and Trichoderma harzianum
(ITCC - 4572). Turk. J. Agric. For. 31 (2): 103-108.

Gangwar, G. P. 2013. Compatibility of fungal bioagent for
bacterial leaf blight of rice with chemical pesticides,
commonly used in rice cultivation. J. App. Nat. Sci. 5
(2): 378-381.

Garrett, S. D. 1956. Biology of root-infecting fungi.
Cambridge University Press. Cambridge, U.K. pp 293.

Gomaa, A. 0. and Mohamed, F. G. 2000. Effect of some
bio-control agents and agricultural chemicals
comparing with Rizolex-T50 in controlling of
Sclerotium rolfsii and productivity of dahlia plants.
Ann. Agric. Sci. 4: 1725-1748.

Harman, G. E. 2006. Overview of mechanism and uses of
Trichoderma spp. Phytopathology. 96 (2): 190-194.

Howell, C. R. 2003. Mechanism employed by T7richoderma
species in the biological control of plant disease; the
history and evolution of current concept. Plant Dis.
87: 4-10.

Inbar, J., Abramsky, M., Cohen, D. and Chet, 1. 1994.
Plant growth enhancement and disease control by
Trichoderma harzianum in vegetable seedlings grown
under commercial conditions. Eur. J. Plant Pathol.
100: 337-346.

Kamala, T. and Devi, I. S. 2012. Bioconrol properties of
indigenous Trichoderma isolates from North-east
India against Fusarium oxysporum and Rhizoctonia
solani. Afr. J. Biotechnol. 1 (34): 8491-8499.

Khair, A. E., Khalifa, H. R. Kh. M. and Haggag, H. E. 2010.
Effect of Trichoderma species on damping off
diseases incidence , some plant enzymes activity and
nutritional status of bean plants. J Am. Sci. 6 (9):
486-497.

Khan, M. R., Ashraf, S., Rasooz, F., Salati, K, M., Mohiddin,
F, A. and Haque, Z. 2014. Field performance of
Trichoderma species against wilt disease complex of
chickpea caused by Fusarium oxysporum f. sp. ciceri
and Rhizoctonia solani. Turk. J. Agric. For. 38: 447-
454,

Kleifeld, O. Chet, I. 1992. Trichoderma harzianum -
interaction with plants and effect on growth
response. Plant Soil. 144 (2): 267-272.

Lewis, J. A. and Papavizas, G. C. 1991. Biocontrol of plant
diseases: the approach of tomorrow. Crop Prot. 10:
95-105.

Lui, S. and Baker, R. 1980. Mechanism of biological control
in soil suppressive to  Rhizoctonia  solani.
Phytopathology. 70: 404-412.

Manoranjitham, S. K., Prakasam, V. and Rajappan, K.
2001. Biological control of dampjng-off disease using
talc-based formulations of antagonists. Ann. Plant
Prot. Sci. 8 (2):159-162.

Naznin, A., Hossain, M. M., Ara, K. A., Hoque, A. and
Islam, M. 2015. Influence of organic amendments
and bio-control agent on vyield and quality of
tuberose. J. Hortic. 2: 156.

109|4-6/122



Madras Agric. J., 2023; https://doi.org/10.29321/MAJ.10.000599

RS
Spz-

Papavizas, G. C. 1985. T7richoderma and Gliocladium :
Biology, ecology and potential for biocontrol. Annu.
Rev. Phytopathol. 23: 23-54.

Papavizas, G. C., Lewis, J. A. and Abd-El Moity, T. K.
1982. Evaluation of new biotypes of T7richoderma
harzianum for tolerance to benomyl and enhanced
biocontrol capabilities. Phytopathology. 72: 126-
132.

Rawat, L., Singh, Y., Shukla, N. and Kumar, J. 2011.
Alleviation of the adverse effects of salinity in
wheat (7riticum aestivum L.) by seed biopriming
with salinity tolerant isolates of 7richoderma
harzianum. Plant Soil. 347: 387.

Rehman, S. U., Dar, W. A., Ganie, S. A., Bhat, J. A., Mir,
Gh. S., Lawrence, R., Narayan, S. and Singh, P. K.
2013. Comparative efficacy of 7Trichoderma viride
and Trichoderma harzianum against Fusarium
oxysporum f sp. ciceris causing wilt of chickpea.
Afr. J. Microbiol. Res. 7 (50): 5731-5736.

Rojan, P., John, R. P., Tyagi, R. D., Prevost, D.,
Satinder, B. K., Pou-leur, S. and Surampalli, R. Y.
2010. Mycoparasitic Trichoderma viride as a
biocontrol agent against Fusarium oxysporum f. sp.
adzuki and Pythium arrhenomanes and as a growth
promoter of soybean. Crop Prot. 29: 1452-1459.

Rudresh, D. L., Shivaprakash, M. K. and Prasad, R. D.
2005. Potential of 7richoderma spp. as biocontrol
agents of pathogens involved in wilt complex of
chickpea (Cicer arietinum L.). J. Biol. Control. 19
(2): 157-166.

Sathiyaseelan. K., Sivasakthivelan, P. and Lenin, G.
2009. Evaluation of antagonistic activity and shelf-
life study of T7richoderma viride. Bot. Res. Int.
2(3): 195-197.

Senedecor, G. W. and Cochran, G. W. 1967. Statistical
methods. The Lowa State University Press Ames,
Lowa.

Shabir, U. R., Rubina, L., Ebnezer, J. K. and Zaffar, A. B.
2012. Comparative efficacy of Trichoderma viride,
Trichoderma harzianum and carbendazim against
damping-off disease of cauliflower caused by
Rhizoctonia solani Kuhn. J. Biopestic. 5 (1): 23-27.

Sharf, R., Abbasi, H. and Akhar, A. 2014. Combined
application of biofertilizers and fertilizer in the
management of Meloidogyne incognita and also on
the growth of red kidney bean (Phaseolus vulgaris).
Int. J. Plant Pathol. 5: 1-11.

Singh, V. S., Zaidi, N. W., Joshi, D., Khan, T., John, D. and
Bajpai, A. 2004. T7richoderma: A microbe with
multifaceted activity. Ann. Rev. Plant Pathol. 3: 33-
75.

Srivastava, V. K. 2004. Trichoderma spp.- a boon for
better crop health. Pestology. 28 (8): 40-45.

Stephan, Z. A., Jbara, I. M. and Al-Rawi, F. A. 2003. Effect
of soil moisture content and thermal treatment on
the activity of bioagent fungi 7richoderma harzianum
Rifai and Paecilomayces lilacinus (Thom) Samson on
some tomato plant growth parameters. Arab. J. Plant
Prot. 21 (1): 1-5.

Sundaramoorthy, S. and Balabaskar, P. 2013. Biocontrol
efficacy of T7richoderma spp. against wilt of tomato
caused by Fusarium oxysporum f. sp. lycopersici. J.
Appl. Biol. Biotechnol. 1 (3): 36-40.

Uddin, M. M., Akhtar, N., Islam M. T. and Farug, A. N.
2011. Effect of Trichoderma harzianum and some
selected soil amendment against damping off disease
complex of potato and chilli. 7he Agriculturist. 9
(1&2): 106-116.

Yaqub, F. and Shahzad, S. 2011. Efficacy and persistence
of microbial antagonists against Sclerotium rolfsii
under field conditions. Pak. J. Bot. 43 (5): 2627-
2634.

Zheng, Z. and Shetty, K. 2000. Enhancement of pea
(Pisum sativum) seedling vigour and associated
phenolic content by extracts of apple pomace
fermented with 7richoderma spp. Process Biochem.
36: 79-84.

109|4-6|123



