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SUMMARY

The fungal species isolated from infected seedlings showed the appearance of root rot fungi, including
Rhizoctonia solani, Fusarium solani, and Macrophomina phaseolina. The evaluation of two biological
control agents, Trichoderma viride and Trichoderma harzianum, showed their ability to inhibit
pathogenic fungi, and as per Bell’s scale, the inhibition percentage ranged from 1% to 2%. Both
biological controls, T. harzianum and T. viride, significantly reduced the incidence of infection caused
by the fungi. T. harzianum reduced the incidence of R. solani (20%), which was at par with T. viride
(33.33%) reduction of R. solani, and a reduction in M. phaseolina and F. solani with T. viride
amounted to 30.00% and 33.33%, respectively, compared with the control treatment inoculated with
the fungus only (80.00%). Results also revealed that these two types lessened infection severity,
where the highest decrease in infection severity with F. solani was 0.30 and 0.20 for T. viride and T.
harzianum, respectively. In addition, both biological controls also positively affected the plant growth
characteristics. T. harzianum with M. phaseolina increased shoot height (22.20 cm) compared with the
pathogenic fungus treatment (16.46 cm), respectively. Moreover, the T. harzianum with M. phaseolina
treatment significantly raised root length and dry weight compared with the control treatment.
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Key findings: In cowpea (Vigna sinensis L.), the root rot infection caused by fungi, including
Rhizoctonia solani, Fusarium solani, and Macrophomina phaseolina, gained significant reduction and
control by bioagents fungi (Trichoderma viride and Trichoderma harzainum).
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INTRODUCTION

Cowpea (Vigna sinensis L.) is an essential
legume crop in Iraq, growing in the spring and
autumn seasons; however, it is native to Africa
(Manganiello et al., 2018). Its planting is also
advantageous to increase soil fertility and
improve its properties (Mohammed and Ridha,
2020). Like other legumes, cowpea is rich in
nutrients, including proteins, carbohydrates,
and minerals (Tan et al., 2012). Cowpea is one
of the main products of family farming in semi-
arid regions, such as Iraq, and is a vital protein
source for low-income populations of rural
areas (Alsaedi et al., 2017).

The cowpea crop is mainly prone to
infection due to various soil fungi that infect
the seeds before and after germination,
causing seed rotting and decomposition, death
of seedlings before and after emergence, and
root rot, which increases its danger with its
wide family range (Singh et al., 2012a, b;
Leyva et al., 2019). Recorded resistance to
unsuitable environmental conditions and
survival in soil and plant residues from one
season to another and various fungal
pathogens were in detail, including Fusarium
spp., Pythium spp., Phytophthora spp.,
Rhizoctonia solani, and Macrophomina
phaseolina (Anne et al., 2002; Babu et al.,
2007; Bunbury-Blanchette and Walker, 2019;
Khan et al., 2014; Sanches-Montesions et al.,
2021).

Biological control is one of the
imperative research directions that can
considerably be a practical solution to combat
various plant diseases, especially knowing the
risks of using chemical pesticides (Chamem et
al., 2021). Many organisms, including bacteria
and fungi, are practically alternative biological
control. The bio-agent Trichoderma is one of
the most common fungi vital in this aspect.
Reports on Trichoderma have stated it is a
natural agent for numerous pathogenic fungi,
including R. solani, F. solani, and M. phaseolina
(Carrasco et al., 2016). Several studies have
indicated the efficiency of Trichoderma spp. for
their diverse mechanisms in influencing the
various pathogens (Singh et al ., 2014; Uinale
et al., 2013; Tarirai et al., 2019; Rodriguez et
al., 2021).
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In the fungal biological control, two
chief action mechanisms exist. The first is
direct, which includes antagonism, straight
parasitism, competition for nutrient sources,
and inhibition of pathogen enzymes (Carrasco
et al., 2016). The second is producing various
lysis enzymes, increasing nutrient availability,
absorbing and transferring minerals nourishing
the plant, and complex organic material
decomposition (Chamem et al.,, 2021).
Additional actions include enhancing the plant’s
tolerance to various adverse conditions and
environmental stresses, promoting plant
growth, and inducing plant resistance
(Bunbury-Blanchette and Walker, 2019).

Therefore, the promising study aimed
to a) isolate and identify the pathogenic fungi
associated with cowpea root rot and seedling
death, b) determine the efficiency of the fungal
biological control, Trichoderma viride and T.
harzianum, for their in vitro antagonism
against root rot fungi, and c) evaluate the in
vivo effectiveness of biocontrol fungal agents in
reducing the cowpea root rot infection.

MATERIALS AND METHODS

Isolation and identification of the fungal
pathogens

Isolation of pathogens from cowpea seedlings
transpired, which has signs of seedling death.
The seedlings’ placement under running water
for two hours continued with cutting the
affected area. Cut pieces measuring 0.5 cm
from the area adjacent to the infection zone
bore superficial sterilization in 1% sodium
hypochlorite for 2-3 min. Then, the pieces
gained culturing in 9-cm Petri dishes containing
potato dextrose agar (PDA) medium added
with 100 mg/L antibiotic chloramphenicol.
Plates containing five pieces underwent
incubation at 25 °C + 2 °C for five days. The
purified fungal isolates proceeded an
identification according to the approved
taxonomic guide (Barnett and Hunter, 2006).
Fungal isolates’ culturing in slants continued
storage at 4 °C before subsequent tests.
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Table 1. Five-point Bell scale for the degree of parasitism.

Degree Description

The pathogen covers 2/3 of the plate
The pathogen covers 2/3 of the plate

u b wWN =

Fungal biological control covered all plate
Fungal biological control covered 2/3 of the plate
Fungal biological control cover 1/2 of the plate

Fungal inoculum R. solani, F. solani, and
M. phaseolina

The fungal inoculum preparation used local
millet seeds (Panicum miliacum), washed well
and moistened for six hours, dried by filter
paper, and placed at 100 g in a 250 ml glass
beaker, moistened with sterile distilled water,
then sterilized with autoclave for half an hour.
Each flask inoculation had a 4 mm disc taken
from the edge of the eight-day-old fungal
colony, cultured on a PDA medium, and
incubated at 25 °C £ 2 °C for 15 days, with
shaking every two days by adding sterile
distilled water (Fraval, 2005).

Biological control agents

Using isolates of two biological controls, T.
harzianum (Th) and T. viride (Tv) comprised
the study. These isolates came from the Plant
Pathology Laboratory, Department of Plant
Protection, College of Agriculture and Forestry,
University of Mosul, Iraq.

Antagonistic ability test

Trichoderma spp. isolates evaluation occurred
for their antagonism against pathogenic fungi
by the Dual Culture Technique (DCT) on a PDA
medium with three replications for each
treatment. For the control treatment, both
halves of the dish sustained inoculation with
two discs of pathogenic fungi and incubated at
25 °C £ 2 °C, with the degree of antagonism
determined (Table 1) (Bell et al., 1982).

Greenhouse experiment
The study conducted at the Department of

Plant Protection, College of Agriculture and
Forestry, University of Mosul, Iraq, had a
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completely randomized design (CRD) used for
the experiments, and the treatments included
untreated and treated cowpea seeds. In
treated seeds, two types of biological control
agents (T. viride and T. harzianum) ensued in
sterile soil or soil inoculated with pathogenic
fungi separately. Filling plastic pots with one
kilogram of disinfected soil inoculated with
pathogenic fungi happened before planting the
cowpea seeds with 3 g of pathogenic fungi
inoculum/1 kg soil.

Cowpea seeds incurred 1 h soaking in a
suspension of Trichoderma spp. spores at 10*
spores/ml, with 5% molasses added as an
adhesive and food base. The seeds in the
control treatment, soaked in distilled water,
also had 5% molasses added. Three days after
treating the soil with the pathogenic fungi, five
cowpea seeds followed planting in each pot,
with three replications for each treatment.
After four weeks of planting, calculations on
the percentage of infection with seedling death
after emergence and the severity of infection
progressed (Rodriguez et al., 2021).

The infected seedlings incurred
reisolation to confirm the pathogenicity of the
fungi used, with the average shoots’ height
and roots’ length of plants, the average dry
weight, and the plants’ ratio of S/R (vegetative
to root length) estimated. All data analysis
used the SAS statistical program, testing the
averages by Duncan's polynomial method at
the 5% probability level (ICSO, 2019).

RESULTS AND DISCUSSION

Isolation and identification of pathogen
fungi

The isolation in cowpea seedlings showed the
appearance of the fungi Rhizoctonia solani,
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Figure 1. Microscopic examination of the pathogenic fungi under study showing A: Rhizoctonia solani
with cottony white color colony; B, C: raised septate mycelium at a right angle; D: Fusarium solani,
with creamy or violet-white colony; E, F: abundance of microconidia, macroconidia, and some
chlamydospores; G: Macrophomina phaseolina, the colony with rapid growth, and H: large fruit

bodies.

Fusarium solani, and Macrophomina
phaseolina, with the isolated fungi also
identified according to their phenotypic

characteristics. The colony of Rhizoctonia
solani has characteristics of a cotton white
color; however, the color changed later to
brown. The microscopic examination showed a
raised and branch mycelium at a right angle,
with dents at the branch emergence area,
septate, and the cells characterized by barrel
shape. The diameter of the colony was 8 cm
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after five days of incubation at 25 °C £ 2 ° C
(Figure 1 A, B, and C).

Fusarium solani was distinguishable by
its creamy and violet-white color, with an
abundance of microconidia in its cylindrical to
oval shape, with a high percentage presence of
macroconidia and chlamydospores. The colony
diameter was 8 cm after seven days of
incubation at 25 °C £ 2 °C (Figure 1 D, E, and
F). As for Macrophomina phaseolina, the colony
was distinctive by its rapid growth, transparent
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Table 2. Antagonism of the two biological control T. viride and T. harzianum
against pathogenic fungi according to the Bell's scale (14).

Antagonism F. solani R. solani M. phaseolina
T. viride 1 1 2
T. harzianum 2 1 1

Table 3. Effect of treatment with Trichoderma spp. on pathogenicity indicators (infection rate and
severity) and growth indicators of cowpea plants inoculated with pathogenic fungi.

Treatments Infection Infection Shoot Root Plant dry S/R
rate % severity height length weight ratio
F. solani 80a 0.29d 15.33ef 8.5f 8.73cd 1.73a
M. phaseolina 80a 0.79a 15.33ef 8.5f 8.73cd 1.73a
R. solani 80a 0.84a 15.33ef 8.5f 8.73cd 1.73a
F. solani + T. viride 33.33bc 0.30d 18.6cd 13.96bcd 11.13b 1.23cde
F. solani + T. harzianum 40b 0.20d 16.86cdef 11.80de 10.5b 1.43bc
M. phaseolina + T. viride 33.33bc 0.52b 15.66def 12.80cde 10.16b 1.20cde
M. phaseolina + T. harzianum 30bc 0.60bc 22.20a 19.03a 14.8a 1.13de
R. solani + T. viride 40b 0.72ab 18.73cd 15.00bc 9.10bc 1.23cde
R. solani + T. harzianum 20c 0.68abc 14.93f 13.30cde 8.46d 1.06e
T. viride 00d 0.00e 20.63ab 12.36cde 10.33b 1.60ab
T. harzianum 00d 0.00e 16.86cdef 12.6de 8.70cd 1.36bcd
Control 00d 0.00e 16.50cdef 10.76ef 10.60b 1.46abc

color at first, and later turning black centrally
and then including the entire colony, with a
growth of a high fluffy appearance. On
microscopic examination, fruit bodies ranged
from 72 to 163 microns with diameters, and
the colony diameter was 8 cm after five days
of incubation at 25 °C x2°C (Figure 1 G and
H). These results agreed with studies that
referred to these fungi causing seedling death
and root rot (Barnett and Hunter, 2006;
Sanches-Montesions et al., 2021; Rodriguez et
al., 2021).

Antagonistic ability test

The results referred to the two biological
controls, T. viride and T. harzianum, showing
the highest antagonistic ability against
pathogenic fungi R. solani, F. solani, and M.
phaseolina under laboratory conditions (Table
2). The degree of antagonism ranged at 1-2.
Results indicated that R. solani bore most
effects from both biological controls with a
degree of antagonism of one according to the
Bell scale in 1982. These results were
consistent with previous findings in testing the
antagonistic ability of the two biological
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controls, T. viride and T. harzianum, against
fungal pathogens (Azevedo et al., 2020;
Hassan, 2023).

The antagonistic ability of Trichoderma
against pathogenic fungi was due to several
mechanisms, including direct parasitism on the
mycelium, its growth rate compared with that
of the pathogenic fungi colony, and the
enzyme production, such as B-13-glucanase,
protease, lipase, and chitinase that also
degrade the pathogen cell walls. In addition,
the breaking down of mycelium walls occurs
due to the accumulation and adhesion of the
biological control agent spores (AL-Lashi,
2003; Nerey et al., 2010; Singh et al., 2012a,
b; Manganiello et al., 2018).

The results further enunciated that the
treatments of pathogenic fungi (positive
control) led to the highest infection rate values
and severity, which also significantly decreased
when treated with the two biological controls,
T. harzianum and T. viride. However, T.
harzianum, interacting with R. solani, had the
maximum reduction in infection rate from 80%
to 20% and infection severity from 0.84 to
0.68. As for T. viride, it reduced the rate of
infection in M. phaseolina from 80% to 33%
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and the infection severity from 0.79 to 0.52
(Table 3). Past studies indicated that
Trichoderma produces Gliotoxin, Glioviridin,
and Peptaibols with inhibitory effects on many
soil-borne pathogenic fungi (Dewan, 1989;
Thilagavathi et al., 2007). The relevant results
were also analogous with past findings
revealing that many plants treated with
Trichoderma spp. showed a significant increase
in growth parameters, such as shoot height
and root length, number of lateral roots, and
leaf area (Djonovic, 2005; Carrasco et al.,
2016; Onwubiko, 2020).

Concerning the growth indicators of
cowpea plants, the variables gained significant
influences from pathogenic fungi and biological
controls. The results revealed that pathogenic
fungi (without biological control factors) caused
the highest reduction in shoot height and root
length, dry weight, and shoot/root ratio.
However, plants treated with biological
controls, T. viride and T. harzianum,
significantly enhanced plant growth parameters
under study despite having the pathogenic
fungi. Generally, the maximum values for
shoot height and root length, dry weight, and
shoot/root ratio were evident in the interaction
treatment of pathogenic M. phaseolina with the
biological control T. harzianum. This fungus
was more effective in reducing the effect of M.
phaseolina phasiolina, while T. viride had the
highest influence in suppressing R. solani and
F. solani. Speedeui et al. (2011) reported a
relationship between the production of pyrone
by T. harzianum and the ability to antagonize
against F. solani outside the cell. The ability of
Trichoderma spp. to produce Trichodermoi,
Trichodermin, and Gliotoxine considerably
inhibited various pathogenic fungi, including
those causing death and rotting of seedlings,
such as M. phaseolina (Harman, 2000; Khaledi
and Taheri, 2016).

The studies also confirmed the
efficiency of Trichoderma isolates showing a
high parasitic, antagonistic, and competitive
ability against the fungi that cause seedling
death, root rot, and vascular wilt (Belete et al.,
2015; Chamem et al., 2021; ICSO, 2019), in
addition to the positive effect of Trichoderma
spp. on growth parameters of treated plants
(Aziz et al., 1997; Lopez-Bucio et al., 2015).

CONCLUSIONS

The results authenticated the efficiency of
fungal biological controls, i.e., T. viride and T.
harzianum, in controlling the pathogenic fungi
F. solani, M. phaseolina, and R. solani that
cause seedling death and cowpea root rot.
Trichoderma spp. showed the highest parasitic
ability to pathogenic fungi. These mechanisms
include invasion and sprouting on colonies of
pathogenic fungi and the production of
enzymes, degrading the pathogenic fungi
mycelium, and producing volatile antifungal
material and non-volatile growth inhibitory
compounds. The results suggested the possible
use of fungus isolates for the biological control
of seedling death and cowpea root rot
diseases.

REFERENCES

Al-Lashi NB (2003). Integrated resistance of some
fungal sesame root diseases in Nineveh
Governorate. Ph.D. Thesis, College of
Agriculture and Forestry, University of
Mosul, Iraq.

Alsaedi A, Naoufal L, Abdelmajid K, Ibrahim R, Khalid
M (2017). Characterization of diversity of
bradyrhizobia on cowpea in Iraq reveals
unusual strain characteristics. Atlas J. Biol.
392-401. 10.5147/ajb.v0i0.137.

Anne EA, Patriek EL, Dennis RM (2002). Rhizoctonia
damping off and stem root rot of soy bean.
Ohio State University, 16 fact sheet. Plant
pathol. 1: 54-65.

Azevedo DM, Silva RF, Fernandes MD, Costa CA,
Muniz MD, Barroso PD, Rosario Barbosa
DMCR (2020). Antagonistic effect of
Trichoderma isolates and its metabolites
against Fusarium solani and F. oxysporum in
chickpea/Efeito antagonista de isolados de
Trichoderma e seus metabolitos contra
Fusarium solani e F. oxysporum em grao-
de-bico. Brazilian J. Dev. 6(6): 36344-
36361.

Aziz AY, EL-Fouly H, EL-Essawy MZ, Khalaf MA
(1997). Influence of bean seedling root
exudates on the rhizosphere conolazation by
Trichoderma lingnorum for the control of
Rhizoctonia solani. Bot. Bull. Acad. 38: 33-
39.

Babu B, Savera AK, Srivastava AK, Amera DK
(2007). Identification and detection of
Macrophomina phaseolina by using species-



Qassim et al. (2024)

specific oligonucleotide primers and probe.
Mycologia 35(6): 797-803.

Barnett HL, Hunter BB (2006). Illustrated Genera of
Imperfect Fungi. 4th Edition, American
Phytopathological Society, St. Paul
Minnesota. pp. 217.

Belete EA, Ayalew A, Ahmed S (2015). Evaluation of
local Isolates of Trichoderma spp. against
black root rot (Fusarium solani) of faba
bean. J. Plant Pathol. Microbiol. 6(6):
1000279.

Bell DK, Walls HD, Markham CR (1982). In vitro
antagonism of Trichoderma species against
six fungal plant pathogens. Phytol. 72: 379-

382.
Bunbury-Blanchette AL, Walker AK (2019).
Trichoderma  species show  biocontrol

potential in dual culture and green house
bioassays against fusarium basal rot of
onion. Boil. Control 130(1): 127-135.

Carrasco J, Navarro M, Santos M, Dianez F, Gea F
(2016). Incidence, identification and
pathogenicity of Cladobotryum mycophilum
causal agent of cobweb disease on Agaricus
bisporus mushroom crops in Spain. Ann.
Appl. Biol. 168: 214-224.

Chamem H, Livio A, Andrea N, Massimo P, Ilaria P
(2021). Effect of a wood-based carrier of

Trichoderma  atroviride  Sci on the
microorganisms of the soil. J. Fungi (Basel).
7(9): 751.

Dewan MM (1989). Identity and frequency of

occurrence of fungi in roots of wheat and
rye grass and their effect on take all and
host growth. Ph.D. Thesis, University of
Western Australia, Australia, pp.210.
Djonovic S (2005). Role of two secreted proteins
from Trichoderma virens in mycoparasitism
and induction of plant resistance. Ph.D.
Dissertation, Texas A&M University. pp. 217.

Fraval DR  (2005). Commercialization and
implementation. Annu. Rev. Phytopathol.
43: 337-59.

Harman GE (2000). Myths and dogmas of biocontrol
change in perceptions derived from research
on Trichoderma harzianum T22. Plant Dis.
84: 377-393.

Hassan AY (2023). Goat pea (Securigera securidaca
L.) seed vyield and phytochemicals
improvement through crop management
practices. SABRAO J. Breed. Genet. 55(3):
992-1002. http://doi.org/10.54910/
sabrao2023.55.3.33.

ICSO (2019). Iraq Central of Statistics Organization,
Agricultural Crops and Vegetables
Production Report, Ministry of Planning
Baghdad, Iraq.

308

Khaledi N, Taheri P (2016). BioControl mechanisms
of Trichoderma harzianum against soybean
charcoal rot caused by Macrophomina
phaseolina. J. Plant Protect. Res. 1: 56.

Khan MR, Ashraf S, Rasool F, Salati KM, Mohiddin FA,
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(4): 447-454.

Leyva GA, Gallegos JA, Murrieta PF, Valenzuela IP,
Bravo AA, Soto MR, Felix SV (2019).

Distribution of fungi associated with
chickpea root rot. Revista Mexicana de
Ciencias Agricolas 10(1): 131-142

https://doi.org/10.29312/remexca.v10i1.1730.

Lopez-Bucio J, Pelagio-Flores R, Herrera-Estrella A
(2015). Trichoderma as biostimulant:
Exploiting the multilevel properties of a
plant beneficial fungus. Scien. Hortic. 196:
109-123.

Manganiello G, Sacco A, Ercolano MR, Vinale F,
Lanzuise S, Pascale A, Woo SL (2018).
Modulation of tomato response to
Rhizoctonia solani by Trichoderma
harzianum and its secondary metabolite
harzianic acid. Front. in Microbiol. 9: 1966.

Mohammed MM, Ridha M (2020). Influence of yeast
and intercropping system on growth and
yield traits of pea. Int. J. Agric. Stat. Sci.
16(supp. 1): 1577-1580.

Nerey Y, Van-Beneden S, Franca S, Jimenez A
(2010). Influence of soil type and
indigenous pathogenic fungi on bean
hypocotyls rot caused by Rhizoctonia solani
AGNHGI in Guba. Soil Biol. Biochem. 42(5):

791-803.
Onwubiko NC (2020). Phenotypic variability in
cowpea (Vigna wunguiculate L. Walp)

genotypes assessed with quantitative and
qualitative characters. SABRAO J. Breed.
Genet. 52(2): 191-201.

Rodriguez MC, Evans H, De Abreu HC, Macedo LM,
Ndacnon DM, Bekele KB, Barreto RW
(2021). New species and records of
Trichoderma isolated as mycoparasites and
endophytes from cultivated and wild coffee
in Africa. Sci. Rep. 11: Article number 5071.

Sanches—-Montesions BS, Mila A, Moreno-Gavira TI,
Marin-Rochulfo FJ, Gee Dianez F (2021).
Biological control of fungal diseases by
Trichoderma aggressivum f. europaeum and
its compatibility with fungicides. J. Fungi
7(8): 598.

Singh AK, Bhatt BP, Sundaram PK, Naresh C, Bharati
RC, Patel SK (2012a). Faba bean (Vicia faba
L.) phenology and performance in response


http://doi.org/10.54910/%20sabrao2023.55.3.33
http://doi.org/10.54910/%20sabrao2023.55.3.33
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22International+Journal+of+Agricultural+and+Statistical+Sciences%22
http://sabraojournal.org/phenotypic-variability-in-cowpea-vigna-unguiculate-l-walp-genotypes-assessed-with-quantitative-and-qualitative-characters/
http://sabraojournal.org/phenotypic-variability-in-cowpea-vigna-unguiculate-l-walp-genotypes-assessed-with-quantitative-and-qualitative-characters/
http://sabraojournal.org/phenotypic-variability-in-cowpea-vigna-unguiculate-l-walp-genotypes-assessed-with-quantitative-and-qualitative-characters/
http://sabraojournal.org/phenotypic-variability-in-cowpea-vigna-unguiculate-l-walp-genotypes-assessed-with-quantitative-and-qualitative-characters/
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Singh%2c+A.+K.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Bhatt%2c+B.+P.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Sundaram%2c+P.+K.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Naresh+Chandra%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Bharati%2c+R.+C.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Bharati%2c+R.+C.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Patel%2c+S.+K.%22

SABRAO J. Breed. Genet.56 (1) 302-309. http://doi.org/10.54910/sabrao2024.56.1.27

to its seed size class and planting depth.
Int. J. Agric. Stat. Sci. 8(1): 97-109.

Singh BN, Singh A, Singh BR, Singh HB (2014).
Trichodema  harzianum  elicits  induced
resistance in sunflower challenged by
Rhizoctonia solani. J. Appl. Micrbiol. 116(3):
654-666.

Singh R, Maurya S, Upadhyay RS (2012b). Antifungal
potential of Trichoderma species against
Macrophomina phaseolina. J. Agric. Technol.
8(6): 1925-1933.

Speedeui B, Charitha DM, Saigopal DU (2011).
Isolation and screening of effective
Trichoderma sp against the root rot
pathogen Macrophomina phaseolina. J.
Agric. Technol. 7(3): 623-635.

Tan K, Yi Sh, Hijchen LN, Xu IFL (2012). Effect of
formulations of Trichoderma harzianum
SQR-T037 on the induction of resistance
against Fusarium wilt in cucumber. J. Food
Agric. Environ. 10(3): 1205-1209.

309

Tarirai M, Andrew PB, Ingrid O, Christine AW, Géran
B, Maurice S, Alan JD (2019). Farmer
perceptions of legumes and their functions
in smallholder farming systems in east
Africa. Int. J. Agric. Stat. Sci. 17(3): 205-
218.

Thilagavathi R, Saravnakumar D, Ragupathi N,
Samiyappani R (2007). A combination of
biocontrol agents improves the management
of dry root rot (Macrophomina phaseolina)
in greengram. Phytopathol. Mediterr. 46:
157-167.

Uinale F, Nigro M, Sivasithamparam K, Flemattic G,
Ghisalberti EL, Ruocco M, Varlese R, Marra
R, Lanzuise S, Eid A (2013). Harzianic acid a
novel siderophore  from Trichoderma
harzianum. FEMS Microbiol. Bet. 347: 123-
12.


https://www.cabdirect.org/cabdirect/search/?q=do%3a%22International+Journal+of+Agricultural+and+Statistical+Sciences%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22International+Journal+of+Agricultural+and+Statistical+Sciences%22

