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Abstract

The antagonistic potential of 15 biocontrol agents was evaluated against Fusarium oxysporum f. sp. ciceris
and Rhizoctonia bataticola causing Fusarium wilt and Dry root rot diseases in chickpea. Fifteen potential bio
antagonists, ten belonging to Trichoderma spp. and five to bacterial genera (Bacillus spp.) showed significant
growth inhibition of both most important soilborne pathogen. In vitro screening for antagonistic functionality
traits showed significant difference between production of volatile and diffusible antifungal metabolites.
Maximum fungal inhibition due to diffusible metabolites was exhibited by isolate IPR-75 (34.05%) followed by
[IPRMUCK-1 (30%) greenhouse experiments on JG-62 variety of chickpea showed that seed treatment with
biocontrol agents (IIPRTh-31) had an advantage on disease control and plant growth promotion as compared
to control, isolate reduced the wilt incidence to 0 % which was at par to fungicide treatment where the observed
wilt incidence in the pathogen control was 30%.Inoculation of biocontrol agents enhanced the shoot length
up to 21 cm and 22 cm as compared to fungicide treatment 12.4 cm, thus showing a plant growth stimulation
effect of potential bio antagonists. These results highlight the dual role of selected microbial antagonists in
suppressing Fusarium wilt and dry root rot diseases and promoting chickpea plant growth, indicating their
potential as sustainable alternatives to chemical control.
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Chickpea (Cicer arietinum L.) is the third
most important pulse crop worldwide, being an
excellent source of protein. It is cultivated on
area of 14.84 million hectares, a production of
15.08 million tons, and an average yield of 1.01
t/ha in 2020. It occupies important position in
semi-arid farming system both for human
nutrition and restoring the soil fertility (Singh and
Sirohi, 2003). The reasons of low vield are so
many apart from other reasons, the main cause
of low vield of this crop is the heavy incidence
of root rot diseases. India is the world leader in
chickpea production. The grain losses due to
chickpea wilt and root rot has been estimated
around 10 per cent, which amounts to
approximately 520 thousand tons annually. Wilt
and dry root rot are the common and frequently
occurring diseases of chickpea and causes
considerable vield loss (Haware et al., 1996;
Kaur and Mukhopadhyay, 1992). Fusarium

oxysporum f. sp. ciceri (Padwick) Synd. and
Hans. is considered to be the primary cause of
wilt disease in chickpea (Chattopadhyay and Sen
Gupta, 1967). In India, the first report on
chickpea dry root rot (M. phaseolina) was given
by Mitra in 1931 and Dastur in 1935. In central
India Nene and Reddy, 1987 carried out some
studies on the disease. Chickpea wilt and root
rot cause complete losses in grain yield, if the
diseases occur in the vegetative and reproductive
stages of the crop (Haware and Nene, 1980).
Researches have shown that commonly grown
cultivars of chickpea in India may suffer from 9-
41% seed vield loss due to wilt, depending on
the cultivar and disease severity (Khan et al.,
2004).

Biological control is one of the best low-cost
and ecologically sustainable methods for
managing plant diseases caused by soil-borne
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pathogens like Fusarium and Rhizoctonia.
Among various biocontrol agents (BCAs)
evaluated against the plant pathogenic fungi,
Trichoderma spp. have been found to possess
biocontrol ability (Abd El-Khair et al., 2010;
Mohiddin et al., 2010), these fungi
mycoparasitize the pathogenic fungi via hyphal
coiling and enabling enzymatic lysis through 1,
3-glucanase, cellulase, chitinase, and proteinase
(Mishra 2024, Jefries and Young, 1994).
Trichoderma species can also combat plant
pathogens by exerting antagonism in the form
of antibiosis; the production of antifungal
metabolites such as trichodermin, gliotoxin, or
viridin (Bruckner and Przybylski, 1984; Lorito et
al., 1993). PGPR act as biocontrol agents to
reduce disease severity, or these stimulate other
beneficial symbioses, or, protect the plant by
degrading xenobiotics in contaminated soils
(Jacobsen, 1997). More importantly, such
PGPR may also induce systemic resistance in the
host (ISR), thereby protecting plants against
pathogen attack. The present study was
undertaken to examine the performance of ten
Trichoderma and five bacterial isolates to assess
the effect of the bioagents in growth and vield
parameters of the chickpea.

Materials and Methods

Isolation of Pathogen

Isolation of Fusarium oxysporum f.
sp. ciceris : A random sample of an infected
root was taken from the experimental plot. The
root was gently warped with the bloating sheet
and soil particles were removed by washing it
with tap water. Root surface sterilization was
accomplished using HgCl, at a concentration of
0.1%. Root segments were sliced into small
pieces using a sharp knife in an aseptic
environment and arranged on petri dishes that
are subjected to PDA. Petri dishes that have
been infected were cultured in B.O.D. Under a
microscope, the pathogen's mycelium growth

was observed following the suggested incubation
period. Fusarium sp. was purified using the
single spore technique, and a pure culture of the
bacterium was placed on slants for additional
examination.

Isolation of Rhizoctonia bataticola :
Naturally infected chickpea plants exhibiting the
classic signs of dry root rot in standing chickpea
crop fields were collected and transported to the
lab where they were thoroughly cleaned with
sterile distilled water, blot dried, and chopped
into small (5 mm) pieces using a sharp, sterilized
blade before being subjected to tissue isolation
(Tuite, 1969) on PDA. The blackish mycelia mat
formed after two or three days of incubation,
and the microsclerotia in the plates began to
grow after seven to eight days. The test
pathogen was isolated aseptically on PDA
medium using the hyphal tip and/or single
spore/sclerotial isolation technique. It was then
sub-cultured, and the pure cultures of the test
isolates obtained were kept separately on PDA
slant test tubes in the refrigerator for additional
research. Following a week of incubation, the
pure culture was once more transferred.

Isolation of bioagent

Collection and isolation of native PGPR
strains : Soil samples from healthy pulse
rhizosphere were collected during rabi, 2020 for
isolating PGPR. Seven plant growth promoting
rhizobacteria were obtained by serial dilution
technique (Waksman, 1922) from different pulse
growing regions (Table 1).

Isolation of Trichoderma spp.
Trichoderma and bacterial isolates were

procured from the department of plant
protection ICAR-IIPR Kanpur (Table 1).

2.3. Dual culture test : The pathogen and
Trichoderma isolates were arranged side by side

on a single Petri dish that had hardened PDA.
For every isolate, there were three replications,
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Table 1. Details of the isolates used in the study

Isolate Name Isolate species Acc. no. Crop Location
(ITS/16 S) rhizosphere
[IPRTh-31 T. asperellum MK968811 CHICKPEA ANGRAU
[IPRTh-33 T afroharzianum MN186847 CHICKPEA Orcha
[IPR-10 T. asperellum OP783881 CHICKPEA ANGRAU
[IPRMUCK-1 T. harzianum OP783859 CHICKPEA Kanker
[IPRPPF1-2 T harzianum MK855325 PIGEONPEA Varanasi
[IPRPPR1-4 T. longibrachiatum MN416776 PIGEONPEA Meerut
[IPRMLKP-1 T asperellum OP783871 CHICKPEA Sulatanpur
[IPRMGKP-5 T harzianum OP783879 MUNGBEAN Kanker
[IPRPPKP-2 T asperellum OP783877 PIGEONPEA Gujarat
IIPR-75 T asperellum MN416781 CHICKPEA Dharwad
[IPRCDCP-4 Bacillus australimaris MT436407.1 CHICKPEA Lalitpur,
IIPRAJCP-6 Bacillus amyloiquefaciens MK841518 CHICKPEA Jhansi
[IPRAMCP-1 Bacillus safensis MK863579 CHICKPEA Chhatarpur
[IPRSHEP-6 Bacillus subtiles ON872223 CHICKPEA Mahoba
[IPRMKCP-8 Bacillus megaterium MT436399 CHICKPEA Mahoba

with one control each of the pathogen and the
bio-control agent. They grew for seven days at
25°C in the incubator. Two measurements of
the pathogen's diameter were made, and the
average was computed. In accordance with Naik
et al. (2009), the test pathogen's percent
suppression of growth was computed. Three
iterations of the in vitro assessment were
conducted.

The percentage of inhibition was estimated
using the following formula:

[=C-T/Cx 100

Where; 1 = percentage of inhibition; C =
radial growth of the pathogen in control and T
= radial growth of pathogen in treatment.

2.4 Pot experiment : The pot experiment
was conducted in a controlled temperature room
with constant temperature at 21+1°C.
Preliminary tests of Trichoderma isolates against
Fusarium wilt and dry root rot chickpea was
done under greenhouse condition. In order to
prepare Rb and Foc inocula, proper
Erlenmeyer’s containing 100 g of chickpea (Var.

Durum) and 100 ml of sterilized water were
autoclaved at 121°C for 1 h for three successive
days. After cooling, about 5-7 small plugs of
seven-day-old culture of Rb and Foc were
dropped into each Erlenmeyer under sterilized
condition. Erlenmeyers were kept at 25+10C
for 4 weeks. Colonized chickpea grains were
then transferred into the paper pockets, and
were dried and grinded. Then 14 g of the
prepared powder was used to infest 1 kg of soil
(Frommel et al. 1991).

Results and Discussion

The colony growth of Fusarium oxysporum
f. sp. ciceri on PDA was moderately fast,
reaching a diameter of 70-80 mm within seven
days at a temperature of 28+1°C. The mycelia
growth exhibited varying densities, appearing
dense, fluffy, or sparse, and ranged in color from
white to pink. The fungus produced a large
quantity of both Microconidia and Macroconidia.
Abundant Chlamydospores were formed 2-4
weeks after transferring the culture. The
Microconidia were small, thin-walled, hyaline,
and elliptical, consisting of 1-2 cells and
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measuring 4-6 x 2-4pym. On the other hand, the
Macroconidia were long, curved (fusiform or
sickle-shaped), pointed at both ends, septate,
and measured 25-40 x 3-4 pm (Fig. 1la). In
contrast, the colony of Rhizoctonia bataticola
(Rb) grew very rapidly on PDA, reaching a
diameter of 90 mm within seven days at a
temperature of 28+1°C. The mycelial growth
appeared as aerial fluffy, initially displaying a
dirty white color when young, but later turning
blackish with the presence of black
microsclerotia. The hyphae branched at right
angles, with a constriction of hyphal branches at
their point of origin. The septum was positioned
close to the point of branching and exhibited a
highly irregular shape. The hyphae were
connected by thick-walled mycelium, measuring
52.2-73.6 x 42.1-52.6 pm in size. (Fig.1b).

Morphological characters of the Trichoderma
isolates were recorded on culture plates (Figure
2). Macro morphological characters including
colony color, growth rate, colony edge, mycelial
form etc. were recorded. genomic DNA was
isolated using CTAB method. Seven days old
mycelia of Trichoderma cultures were used for
the DNA isolation. Isolated DNA was run with
ITS and Tef primers for molecular identification.
ITS1 (5-TCGGTAGGTGAACCTGCGG-3’) and
ITS4 (5’-CCTCCGCTTATTGATATGC-3’)

HI.'-

wi . o

Fig. 1. (A) Wilt affe

cted chickpea plant, (B) Pure culture of Fusarium oxysporum f. sp. ciceris and (C)

(White et al. 1990) and EF1-728F (5-
CATCGAGAAGTTCGAGAAGG-3') and EF1-
986R (5-TACTTGAAGGAACCCTTACC-3)
(Carbone and Kohn. 1999). The PCR
programme used for the amplification of ITS
and Tef were 3 min at 95°C, followed by 35
cycles of 30 seconds at 94°C; hybridization at
58 °C for 30 s and an extension at 72 °C for 1
min, and a final extension step of 10 min at
72°C. Finally, a refrigeration step at 4°C.
Obtained PCR products were sent for
sequencing to Chromus Pvt Ltd.

Sequences of the amplified PCR products
were analyzed using BLAST search programme.
Phylogenetic tree were drawn using the
neighbor joining method using MEGA-10
programme with 1000 bootstraps (Fig. 3 a&b).

Bacterial characterization was done on the
colony morphology, gram staining (Figure 4).
Genomic DNA of bacteria was isolated by using
alkaline lysis method and 16S rRNA gene was
amplified using the universal primer pair (27F:
5-AGA GTT TGA TCIA/C] TGG CTC AG-3’,
1492R: 5’-G[C/T]T ACC TTGTTA CGA CTT-
3’) (Kunitz M et al 1947).PCR conditions used
for amplification were 1 min DNA denaturation
at 94°C, 1 min annealing at 57°C,and1min
extension at 72°C for 35 cycles. The amplified
PCR products were sent for sequencing to

e

Dry root rot infected chickpea plant and (D) Pure culture of Rhizoctonia bataticola on PDA

plate
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Fig. 2. Morphological characterstics of selected Trichoderma isolates

@ OPTEIAT1.1 Trichoderma harzianum isolate IPRMLEP-1
@ OPTEINTA Trichoderma harzianum isolate |IPRMGKP-5
| PPES4148.1 Trichodesma afroharzianum isolate FE 1.6.2
' MHEATEE4.1 Trichoderma harzianum sirain MF-MAS-20
- MN415776.1 Tachodesma harzianum siran IPRPPF1-4
& MER5533.1 Trichoderma asperelum siain IPRPPF1-2
-NR1M1TMmMmGB$m!FﬂSNWnMTYPEmM
5 WMNAIETEL A Trichcdamma aspereium siain IPR-TS
NR1M1TMMmﬂ$m!TﬂE$JnMTYPEm
& MHSE8811.1 Trichoderma aspenellum isolate Th-3
MHT12434.1 Trichoderma harzianum sirain MNF-MAS-4
T @ DPTEMSS.1 Trchodenma asperalem olate IIPRMUCH-1
— @ QPTRIETT.A Trichodarma barziamm solate IPRPPEP-2
R 120258, 1 Trichoderma longkbrachiatum ITS region from TYPE matesial
& MN155347.1 Trichodenma afroharzianum isolale Th-13.0PR
& OPTEHAN. 1 Trckodesma asperalum solate IIPR-10

Fig. 3. Phylogenetic tree constructed by the
neighbor-joining method derived from
analysis of the ITS gene sequence of
Trichoderma isolates (Highlighted in red
colour) and related sequences obtained
from NCBI

Chromus biotech and obtained sequences were
run on BLAST programme for the identification.
After identification the obtained sequences were

trimmed and submitted to NCBI database for
accession number allotment
http://www.ncbi.nlm.nih.gov/).Phylogenetic
tree was constructed with the obtained
16SrRNA gene sequences and reference
sequences obtained from NCBI (Fig. 5). The
phylogenetic relationship among bacterial
isolates and reference sequences was
constructed using the Maximum Likelihood
method and Tamura-Neimodel Lane DJ (1991).

In vitro antagonistic efficacy of Trichoderma
and bacterial culture against pathogen was
tested using dual culture plate technique.
[IPRPP1-4 (T. longibrachiatum) was found to
be the most effective against Foc followed by
[IPRMLKP-1 (T. asperellum) (20%). For Rb
[IPR75 (T. asperellum) (34.05%) followed by
[IPRMUCK-1 was found to be most effective

Bacillus australimaris Bacillus amyloiquefaciens Bacillus safénsis Bacillus subtilis Bacillus megaterium

Fig. 4. Morphological characters of PGPR isolates
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& MKBE3573.1 Bacillus safensis strain IIPRAMCP-1
NR 112116.2 Bacilles subtilis strain 1AM 12118
: MT436407.1 Bacillus australimaris strain IIPRCDCP-4
: MKB41518.1 Bacillus armyloliquefaciens strain IIPRAJCP-S
MR 148737 1 Bacillus australimaris strain MCCC 1A05T8T

Fig. 5. Phylogenetic tree constructed by the
neighbor-joining method derived from
analysis of the 16sRNA gene sequence
of bacterial isolates (Highlighted in red
colour) and related sequences obtained
from NCBI

(Figure 6a & b). Among the bacterial isolates
tested, AJCP-6 (Bacillus amyloliquefaciens)
effective against Foc with highest mycelial
inhibition ~ showed maximum inhibition
(66.52%). Followed by antagonists AMCP-1
(Bacillus safensis), which recorded mycelial
growth (66.47%) of the tested pathogen (Figure
8 A, B& 9A, B).

fﬁf&ffﬁ&@gfﬁf

W Trestment Mesn of the colony dismeter (on) M P Inhibikon %

B b Mesn of the colooy dismeter [om] W Rb Inhbition %

Fig. 6. Percent inhibition of Fusarium
oxysporum f.sp. cicero (A) and
Rhizoctonia bataticola (B) in presence
of Trichoderma bioagents (Dual culture
technique)

Fig. 7a. Antagomstlc potential of Trzchoderma
against (Foc)

Fig. 7b. Antagomstlc potent1al of Trichoderma
against (Foc)

Trichoderma species are well known for
their antagonistic activity against Foc. Efficacy
of Trichoderma harzianum against Foc has
already mentioned by many workers (Poddar et
al., 2004; Dubey and Suresh, 2006).The
inhibition =~ mechanisms  employed by
Trichoderma against pathogens include
antibiosis, lysis, competition and mycoparasitism
(Cook and Baker 1983). Trichoderma secretes
many antibiotics and volatile metabolites which
aid in the inhibition. The mycoparasitic activity
of Bacillus species is well documented (Johri et
al 2003, Sharan and Nehra 2011) Similar
conclusions have been reported by El Hassni et
al. (2007) and Idris et al. (2007). They reported
a modification of the fungal mycelium
appearance, due to antifungal secondary
metabolite production. Generally, biocontrol
capacity through antagonistic bacteria involves
either competition (Elad and Chet 1987) or
bacterial metabolite production, such as
siderophores, hydrogen cyanide, antibiotics or
extracellular enzymes for antagonism towards
plant pathogens (Kamilova et al. 2005; Sang et
al. 2006). It has been reported that Bacillus
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spp. contains various biocontrol characteristics
including secondary metabolites, the colonizing
potential, and the production of competitors
(Yoshida et al. 2001; Schmidt et al. 2004).
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Fig. 8. Percent inhibition of Fusarium
oxysporum f.sp. ciceri and
Rhizoctonia bataticola in presence of
PGPRs (Dual culture technique)

The results of the experiments conducted
under greenhouse conditions revealed the
supremacy of Trichoderma and Bacteria over
control. This treatment significantly reduced the
pre emergence and post emergence wilt disease
on chickpea when compared to control. Among

various treatments tested as seed treatment, the
treatment [IPRMLKP-1 significantly reduced the
wilt incidence to O percent respectively as
compared to control. Seed treatment with
Trichoderma and bacteria showed significantly
superior results over control. Untreated control
(seed treatment with pathogen) recorded the
maximum wilt incidence 30% respectively. With
regard to the germination and seedling growth
parameters, the treatment [IPRTh-33 recorded
the highest germination percentage (96%),
shoot length (18 cm), root length (25.5cm). This
was followed by the treatment [IPRTh-31 (Fig.
10A &B).

For instance, the results of Abd-El-Khair et
al. (2010) focused on T. hamatum as the best
species in inhibiting F. solani of beans among
isolates of several species and T. harzianum had
the least control potential. In another study,
under laboratory conditions the inhibitory effect
of T. longibrachiatum, T. harzianum and T.
atroviride against F. solani, causal agents of
wheat head scab were 92%, 81% and 90%,
respectively  (Boureghda and  Renane
2011,Mishra 2023 a,b,c). Boureghda and
Bouznad (2009) reported that an isolate of T.
atroviride (Ta.13), caused a 65.64% reduction
in colony diameter of F. solani of chick pea and
was better than T. harzianum and T.
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Fig. 10. Effect of Trichoderma and PGPRs
application on chickpea plant

longibrachiatum while in our dual culture
method both T atroviride (T3 and T
harzianum (T97) were not so effective but T.
brevicompactum (T1) was most preventive.
Under greenhouse conditions, Boureghda and
Bouznad (2009) among several isolates of T.
atroviride, T. harzianum and T.
longibrachiatum, found T. atroviride (Ta.3,
Ta.7 and Ta.13) as well as T. harzianum (Th.16)
as the most effective isolates in protecting
Fusarium wilt of chickpea seedlings. Soltani et
al. (2005) reported that an isolate of T.
harzianum was best against Fusarium wilt of
potato. In addition, Basak and Basak (2011)
reported superiority of T. viride over T.
harzianum in healing the seedling disease of
Shisham (F. solani {. sp. dalbergiae) while in our
study T. longibrachiatum (Tg) had the best
performance in controlling the disease.
Therefore, our results might be a confirmation
of the usefulness of evaluating different isolates
of this antagonistic genus for their mycoparasitic
properties and their biopesticide preparations.
Isolates of some species namely T. harzianum,
T. viride and T. virens (syn. Gliocladium virens)
are well known and their formulations are used
by many growers but there might be more
effective species of Trichoderma and hence
evaluating the strains of other species of this
environmental-friendly genus  would be
beneficial. Disease suppression and plant growth

promotion activity may be attributed to the
multifaceted potential of bacterial strains for lytic
enzymes (protease, chitinase, glucanase, and
amylase) production, HCN production p-
solubilization, N-fixation, and IAA production
(Bashan and De-Bashan, 2010; Verma et al.,
2014; Mukherjee et al., 2020, Mishra 2021
ab). Another explanation could be due to the
Induced Systemic Resistance (ISR). The ISR is
the ability of plants to enhance their defence by
the augmentation. of different defence enzymes
such as B-1,3-glucanase, peroxidase, polyphenol
oxidases, phenylalanine ammonia lyase against
a wide range of pathogens. The enzymes B-1,3-
glucanase and chitinase both have synergistic
antifungal actions (Cachinero et al., 2002).
Several PGPR (plant growth-promoting
rhizobacteria) therefore have been reported to
activate the ISR in plants in response to
pathogen attacks (Cachinero et al., 2002; Zaim
et al., 2016; Das et al., 2017, Mishra 2023a).
It has been reported that bacterial strains
covering plant roots act as the first line of
defence for plants against disease invasion and
reduce the risk for early or late wilting in plants
(Wei et al., 2015, Mishra 2020). Previously,
Actinomycetes, B. subtilis, and P. aeruginosa
have been reported as efficient colonizers along
with the roots of chickpea, and due to their good
root colonization ability reduces the wilt
incidences in chickpea (Anjaiah et al., 2003;
Gopalakrishnan et al., 2015a, 2015b;
Sreevidya and Gopalakrishnan, 2017). Disease
suppression in chickpea roots has been
correlated with an increase in the growth of the
root system (Akhtar and Siddiqui, 2008) and
vice versa.

Conclusion

The investigation of disease-suppressive soil
microbes in nature for the creation of an
efficient biopesticide is a productive method that
not only decreases the number of isolates but
also aids in identifying a specific biocontrol agent
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against a particular pathogen with multiple
beneficial traits. This research highlights the
utilization of this approach for the identification
and selection of PGPRs/BCAs from healthy
plants cultivated in soil affected by wilt disease
caused by Foc. The chosen strains, possessing
various capabilities such as amylase, hydrogen
cyanide, protease, cellulase, chitinase, p-
solubilization, nitrogen-fixing, and indole-3-
acetic acid production, exhibited the potential to
colonize roots and promote the growth of
chickpea plants. Subsequent experiments
demonstrated that these strains not only
enhanced chickpea growth but also effectively
suppressed the disease by stimulating the
expression of several defense enzymes. The
findings of this study suggest that these selected
bacterial strains, especially when used
collectively, are promising candidates for the
development of environmentally friendly, cost-
efficient, and easy-to-use biofertilizers/
biopesticides for managing chickpea wilt disease
and increasing crop vield.

References

Abd-El-Khair H., Khalifa R. K. H. M., Haggag K.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.

Aislabie, J., Jones, L. G. A review of bacterial degradation
of pesticides. Australian Journal of Soil Research,
1995; 33: 925-942.

Akhtar, M. S., Siddiqui, Z. A., 2008. Biocontrol of a root-
rot disease complex of chickpea by Glomus
intraradices, Rhizobium sp. and Pseudomonas straita.
Crop Prot. 27, 410-41.

Anjaiah, V., Cornelis, P., Koedam, N. 2003. Effect of
genotype and root colonization in biological control of
Fusarium wilts in pigeonpea and chickpea by
Pseudomonas aeruginosa PNA1. Can. J. Microbiol..
49, 8591.

Anonymous. 2016. Directorate of Economics and Statistics.

Anwar, F. P., Sharmila, and Saradhi, P. P. 2002. No More
Hurdle: In vitro Chickpea Rooting and Cent Percent
Transplantation. Australian Journal of Basic and
Applied Sciences 3(3): 2491-2496.

Arias, M. M. D., Leandro, L. F., Munkvold, G. P. 2013.
Aggressiveness of Fusarium species and impact of root
infection on growth and vield of soybeans.
Phytopathology 103, 822-832.

Bagwan, N. B. Evaluation of Trichoderma compatibility with
fungicides, pesticides, organic cakes and botanicals for
integrated management of soilborne diseases of
soybean [Glycine max (L.) Merril]. International Journal
of Plant Protection. 2010; 3(2): 206-209.

Bashan, Y., De-Bashan, L. E., 2010. How the plant growth-
promoting bacterium Azospirillum promotes plant
growtha critical assessment. Adv. Agron. 108, 77-136.

Bekkar, A. A., Belabid, L., Zaim, S. 2016. Biocontrol of
phytopathogenic Fusarium spp. by antagonistic
Trichoderma. Biopestic Int. 12(1): 37-45.

Boureghda, H., Bouznad, Z. 2009. Biological control of
Fusarium wilt of chickpea using isolates of Trichoderma
atroviride, T. harzianum and T. longibrachiatum.
Acta Phytopathol Entomol Hung. 44(1): 25-38.

Boureghda, H., Renane, R. 2011. In vitro study of
antagonistic activity of some isolates of Trichoderma
spp. against Fusarium spp. isolates the causal agent of
wheat head scab. Arab J Plant Prot. 29: 51-59.

Cachinero, J., Hervas, A., Jim enez-Diaz, R., Tena, M.,
2002. Plant defence reactions against Fusarium wilt in
chickpea induced by incompatible race 0 of
Fusariumoxysporum f.sp. ciceris and nonhost isolates
of F. oxysporum. Plant Pathol. 51, 765-776.

Cook, R., Baker, K. F. 1983. The Nature and Practice of
Biological Control of Plant Pathogen American
Phytopathological Society, St Paul, Minnesota, USA.

Das, K., Prasanna, R., Saxena, A. K. 2017. Rhizobia: a
potential biocontrol agent for soilborne fungal
pathogens. Folia Microbiol. 62, 425-435.

Dennis, C. and Webster, J. 1971. Antagonistic properties
of species groups of Trichoderma II. Production of
volatile antibiotics. Trans. Br. Mycol. Soc., 57: 41-48.

Dhingra, O. D., Sinclair, J. B. 1995. Basic Plant Pathology
Methods. CRS Press, Inc. Boca Raton, Florida, 335
pp.

Dubey, S. C., Suresh, M. 2006. Randomly Amplified
Polymorphic DNA Markers for Trichoderma species
and Antagonism against Fusarium oxysporum f. sp.
ciceris Causing Chickpea Wilt. J. Phytopathol. 154:
663-669.

El Hassni M., El Hadrami A., Daayf, F., Chérif M., Ait Barka
E., El Hadrami I. 2007. Biological control of bayoud
disease in date palm: selection of microorganisms
inhibiting the causal agent and inducing defense
reactions. Environ. Exp. Bot. 59 (2): 224-234.



16 Rajput et al.

Elad Y., Chet I. 1987. Possible role of competition for
nutrients in biocontrol of Pythium damping-off by
bacteria. Phytopathology 77: 190-195.

FAOSTAT Rome. [(accessed on 17 December 2021)].
Available online: https://www.fao.org/faostat/es/
#data/QCL

Gopalakrishnan, S., Srinivas, V., Alekhya, G., Prakash, B.,
Kudapa, H., Varshney, R. K., 2015b. Evaluation of
broad-spectrum Streptomyces sp. for plant growth
promotion traits in chickpea (Cicer arietinum L.).
Philipp. Agric. Sci. 98, 270-278.

Hundekar, A. R., Anahosur, K. H., Patil, M. S,
Kalappanawar, 1. K. and Chattannavar. 1998. In vitro
evalution of organic amendments against stalk rot of
sorghum. J. of Mycology and Plant Path. 28: 26-30.

Idris, H. A., Labuschagnea, N., Korsten, L. 2007. Screening
rhizobacteria for biological control of Fusarium root
and crown rot of sorghum in Ethiopia. Biol. Control.
40 (1): 97-106.

Johnson, L. F., Curl, E. A. Methods for Research on Ecology
of Soil Borne Plant Pathogen. Burgess Publishing Co.,
Minneapolis. 1972, 247.

Johri, B. N., Sharma, A., Virdi, J. S. 2003. Rhizobacterial
diversity in India and its influence on soil and plant
health. Adv. Biochem. Eng./Biotechnol. 84: 49-89.

Kamilova, F., Validov, S., Azarova, T., Mulders I.,
Lugtenberg, B. 2005. Enrichment for enhanced
competitive plant root tip colonizers selects for a new
class of biocontrol bacteria. Environ. Microbiol. 7 (11):
1809-1817.

Keshgond, R, Naik, M. K. Compatibility of Pseudomonas
fluorescens (PF 4) with fungicides, insecticides and plant

products. Bioinfolet. 2013; 10(2b): 620-622.

Khan, M. R., Khan, N., Khan, S. M. 2001. Evaluation of
agricultural materials as substrate for mass culture of
fungal biocontrol agents of Fusarium wilt and root knot
nematode diseases. Test Agrochem Culti 22: 50-51.

King, E. O., Ward, M. K., Raney, D. E., 1954. Two simple
media for the demonstration of pyocyanin and
fluorescein. J. Lab. Clin. Med. 44, 301e307.

Kunitz, M. Crystalline trypsin inhibitor. II: general properties.
J Gen Physiol. 1947;30:291-310. doi: 10.1085/
jap.30.4.291.

Lane, D. J. 1991. 16S/23SrRNA sequencing in Nucleic
acid Technique in Bacterial Systematics, eds
E.Stackebrandt and M.Goodfellow (New york, NY:John
Wiley and Sons)115-175.

Lecoeur, J., Sinclair, T. R., 1996. Field pea transpiration
and leaf growth in reponse to soil water deficits. Crop
Sci. 36, 331-335.

Mishra, R. K., Mishra, M., Pandey, S., Naimudin, P. R.
Saabale and Bansa Singh. 2020. DALHANDERMA:
Multi-trait Trichoderma formulations for management
of wilt diseases of pulse crops. Jr. Food Legumes 33(2):
123-126.

Mishra, R. K., Mishra, M., Pandey, S., Saabale, P. R. and
Naimuddin. 2021a. Exploring the indigenous
Trichoderma strains from pulses rhizosphere and their
biocontrol potential against F. oxysporum f. sp. ciceri
in chickpea. Indian Phytopathology http://
link.springer.com/article/10.1007/s42360-021-
00416-1126.

Mishra, R. K., Monika, M., Sonika, P., Sable, P. R. and amp;
Naimuddin. 2021b. Exploring the indigenous
Trichoderma strains from pulses rhizosphere and their
biocontrol potential against Fusarium oxysporum f.sp.
ciceri in chickpea, Indian Phytopathology,

Mishra, R. K., Pandey, S., Rathore, U. S., Mishra, M.,
Kumar, K., Kumar, S., Manjunatha L. 2023a
Characterization of plant growth-promoting, antifungal,
and enzymatic properties of beneficial bacterial strains
associated with pulses rhizosphere from Bundelkhand
region of India. Braz J Microbiol. Sep; 54(3): 2349-
2360. doi: 10.1007/s42770-023-01051-w

Mishra, R. K., Sonika Pandey Naimuddin, Mohd. Akram and
Bansa Singh. 2023b. Secondary metabolite profiling of
potential Trichoderma spp. And heir biocontrol and
plant growth promoting (PGP) potential in Pulse crops.
Sustainable Approaches for Food Security and Human
Health on 8-9 December, 2023.

Mishra, R. K., Pandey, S., Hazra, K. K., Mishra, M.,
Satheesh, N. S. J., Bohra, A., Parihar, A. K., Rathore,
U. S., Naimuddin, Kumar, K., Singh, B., Singh, N. P,
2023c. Biocontrol efficacy and induced defense
mechanisms of indigenous Trichoderma strains against
Fusarium wilt [F. udum (Butler)] in pigeonpea,
Physiological and Molecular Plant Pathology, 127,
ISSN 0885-5765,

Mishra, R. K., Pandey, S., Mishra, M., Singh Rathore, U.,
and Singh, B. 2024. Identification and characterization
of high salinity tolerant Trichoderma harzianum strain,
[IPRTh-3 for mitigating salt stress, wilt incidence and
promoting plant growth in pigeonpea. Archives of
Phytopathology and Plant Protection, 1-14.
https://doi.org/10.1080/ 03235408.2024.2390212

Mohiddin, F. A., Khan, M. P. Tolerance of fungal and
bacterial bio control agents to six pesticides commonly
used in the control of soil borne plant pathogens.
African Journal of Agricultural Research, 2013; 8(43):
5331-56334.

Morton, D. J. and Stroube, W. H. 1955. Antagonistic and
stimulating effects of soil microorganisms upon
Sclerotium rolfsii.



Journal of Agriculture Research and Technology 17

Mukherjee, A., Singh, B., Verma, dJ. P., 2020. Harnessing
chickpea (Cicer arietinum L.) seed endophytes for
enhancing plant growth attributes and bio-controlling
against Fusarium sp. Microbiol. Res. 237, 1264609.

Naik, M. K., Madhukar, H. M., Devika Rani, G. S. 2009.
Evaluation of biocontrol efficacy of Trichoderma
isolates and methods of its applications against wilt of
chilli caused by Fusarium solani. J. Biol. Control 23,
31e36.

Nene, Y. L. and Thapliyal, P. N. 1973. Fungicide in plant
diseases control (Third Edition). Oxford and IBH
publishing Co. Put. Ltd., New Delhi, p. 325

Nene, Y. L. and Reddy, M. V. 1987. ‘Chickpea diseases and
their control’ In: Chickpea (Eds.) Rajani VV and AM
Parakhia. 2009. Management of Root rot disease of
castor with soil amendments and biocontrol agents.
Journal of Mycology and Plant Pathology 39(2): 290-
293.

Nene, Y. L. and Sheila, V. K. 1996. News letter, proceeding
on international workshop on chickpea, improvement
Pp. 172-180.

Pandey, K. K., Upadhyay, J. P. Sensitivity of different
fungicides to Fusarium udum, Trichoderma harzianum
and Trichoderma viride for integrated approach of
disease management. Vegetable Science. 1998; 25(1):
89-92.

Pandian, V., Sushil, K. P., Vanaraj, P., Ramalingam, R.,
Gopal, C. Compatibility of copper hydroxide with
biocontrol agents. J Agric. Vet. Sci. 2013; 3(6): 28-31.

Papavizas, G. C., Lewis, J. A. Introduction and
augmentation of microbial antagonists for the control
of soil borne pathogen In: Biological control in crop
production (ed Papavizas GC) Osmum Totawa. 1981,
305-322.

Patil, M. B., Ramesh vendan K., Amaresh, Y. S., Kalyan,
R. Compatibility of Trichoderma spp. with commonly
used fungicides, inseticides and plant extracts. Indian
Journal Plant Protection. 2012; 40(2): 118-122.

Poddar, R. K., Singh, D. V., Dubey, S. C. 2004. Integrated
application of Trichoderma harzianum mutants and
carbendazim to manage chickpea wilt (Fusarium
oxysporum f. sp. ciceri). Indian J. Agric. Sci. 74:346-
348.

Rajani, V. V. 1998. Studies on root rot of castor (Ricinus
communis L.) caused by Macrophominaphaseolina
(Tassi) Goid., Unpublished M.Sc. (Agri.) Thesis, Gujarat
Agril. University, S. K. Nagar. Sharma HC, MD Bohra,
RK Aggarwai and Satish Lodha. 1995. Soil
suppressiveness to fusarium wilt of cumin and dry root
rot of legume induced byinorporation of cruciferous
crop residues. Indian Journal of Mycology and Plant
Pathology 25: 49.

Ranganathswamy, M., Patibanda, A. K., Chandrashekhar,
G. S., Sandeep, D., Mallesh, S. B., Halesh kumar, H.
B. Compatibility of Trichoderma isolates with selected
fungicides in vitro. International Journal Plant
Protection. 2012; 5(1): 12-15.

Saharan, B. S., Nehra, V. 2011. Plant growth promoting
rhizobacteria: a critical review. Life Sci. Med. Res.

2011, p. 21.

Sang, M. K., Chiang, M. H., Yi, E. S., Park, K. W., Kim, K.
D. 2006. Biocontrol of Korean ginseng root rot caused
by Phytophthora cactorum using antagonistic bacterial
strains ISE13 and KJ1R5. Plant. Pathol. J. 22 (1): 103-
106.

Schmidt, C. S., Agostini, F., Leifert, C., Killham, K., Mullins,
C. E. 2004. Influence of soil temperature and matric
potential on sugar beet seedling colonization and
suppression of Pythium damping-off by the antagonistic
bacteria Pseudomonas fluorescens and Bacillus subtilis.
Phytopathology 94(4): 351-363.

Shahida, K., Surendragopal, K., Sally, K. M. Efficacy of
native bioagents against Phytophthora meadii causing
Phytophthora rot in vanilla and its compatibility with
fungicides. SAARC J. Agri. 2010; 8(1): 103-111.

Sinclair, J. B., Dhingra, O. D. 1995. Basic Plant Pathology
Method. CRS Press, Inc. Boca Raton, Florida, 355 pp

Sinclair, T. R., 1986. Water and nitrogen limitations in
soybean grain production: I Model development. Field
Crops Res. 15, 125-141.

Singh, A. and Sirohi. 2003. A status of chickpea diseases
in Himachal Pradesh, India. International Chickpea and
Pigeonpea Newsletter 10: 29-31.

Soltani, H., Zafari, D., Rohani, H. 2005. A study on
biological control of crown, root and tuber fungal
diseases of potato by Trichoderma harzianum under in-
vivo and field condition in Hamadan. Agric Res.

5(3):13-25.

Sreevidya, M., Gopalakrishnan, S. 2017. Direct and indirect
plant growth-promoting abilities of Bacillus species on
chickpea, isolated from compost and rhizosphere soils.
Org. Agric. 7, 31-40.

Tuite, J. Plant Pathological methods.Fungi and Bacteria.
Minneapolis, Minnesota. USA. Burgess Publishing
Company. 1969, 239.

Vasundara, P., Rangaswamy, V., Johnson, M. Compatability
Studies with fungicides, insecticides and their
combinations on Trichoderma viride in vitro conditions.
International Journal of Scientific and Engineering
Research. 2015; 6(2).

Verma, dJ. P., Yadav, J., Tiwari, K. N., Jaiswal, D. K. 2014.
Evaluation of plant growth promoting activities of
microbial strains and their effect on growth and yield of



18 Rajput et al.

chickpea (Cicer arietinum L.) in India. Soil Biol.
Biochem. 70, 33-37.

Vincent, J. M. 1947. Distortion of fungal hyphae in the
presence of certain inhibitors. Nature, 159(4051), 850-
850.

Waksman, S. A. 1922. A method of counting the number
of fungi in the soil. Journal of Bacteriology. 7: 339-
341.

Wei, Z., Yang, T., Friman, V. P., Xu, Y., Shen, Q., Jousset,
A. 2015. Trophic network architecture of root-
associated bacterial communities determines pathogen
invasion and plant health. Nat. Commun. 6, 1-9.

Yobo, K. S. 2005. Biological control and plant growth
promotion by selected Trichoderma and Bacillus
species [dissertation]. Pietermaritzburg: University of
KwaZulu-Natal.

Yoshida, S., Hiradate, S., Tsukamoto, T., Hatakeda, K.,
Shirata, A. 2001. Antimicrobial activity of culture

filtrate of Bacillus amyloliquefaciens RC-2 isolated from
mulberry leaves. Phytopathology 91(2): 181-187.

Zaim, S., Belabid, L., Bellahcene, M. 2013. Biocontrol of
chickpea Fusarium wilt by Bacillus spp. rhizobacteria.
J Plant Prot Res. 53(2): 177-183.

Zaim, S., Belabid, L., Bayaa, B., Bekkar, A. A. 2016.
Biological control of chickpea Fusarium wilts using
rhizobacteria “PGPR”. In: Choudhary, D. K. Varma,
A. (Eds.), Microbial-mediated Induced Systemic
Resistance in Plants. Springer., Singapore, pp. 147-
162.

White, T. J., Bruns, T. D., Lee, S. B, Taylo, J. W. 1990.
Amplification and Direct Sequencing of Fungal
Ribosomal RNA Genes for Phylogenetics. In: Innis,
M.A., Gelfand, D.H., Sninsky, J.J. and White, T.J.,
Eds., PCR Protocols: A Guide to Methods and
Applications, Academic Press, New York, 315-322.
http://dx.doi.org/10.1016/B978-0-12-372180-
8.50042-1.




