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ABSTRACT: Red kidney bean plants weretreated with different grades of recommended dose of fertilizer
(RDF) along with biopriming with Trichoderma harzianum in greenhouse to study the combined effect of
fertilizers and microbial inoculant in lack of such studies and especially in red kidney bean in which N-
fixation (nodulation) is either absent or meagre. Results represented that T, showed maximum growth
attributes while Ts showed comparable growth followed by T4 T3 Te and T;. Biopriming improved
different yield attributing characters with lesser fertilizer doses comparable to RDF in relation to nitrogen,
phosphorus and potassium. Plants treated with RDF without bio-treatments was found to be best as per
growth but the plantstreated with 90% RDF combined with biopriming was compar able and suggests that
the use of bio-agents can be used significantly to supplement the nutritional needs of the crop which is
reduced as a part of the nutrients. Also, the plants treated solely with the bio-agent represented good
rhizospheric growth without the use of inorganic inputs suggesting the role of biopriming in development
of healthy root growth and increasein root biomass.

Keywords: Bio-priming, yield attributes, seed index, rajmash/ dry bean.

INTRODUCTION

Incorporation of pulse crop in the cropping system is
getting momentum after the new initiative, resolutions
made in 2016 as FAO nominated the year as
International Year of Pulses to heighten public
awareness towards the nutritional benefits of pulses.
Indiais the largest producer and consumer of pulsesin
the world. Latest reported acreage in India under pulses
is 25.26Mha as per 2015-16 (DAC&FW 2016-17). The
Indian production contribution of dry beansis 34%.The
domestic production is often less than the estimated
demand i.e. 23-24 million tons. Thus the average gap of
5MT is met through imports. Due to the low
productivity-low input nature, pulses are grown as
residual/alternate crops on marginal lands after taking
care of food/income needs from high productivity high
input crops like paddy and wheat by most farmers. We
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can go for the organic treatments including such
microbial agents which increase the pulse production
sustainably and serving the purpose (Meena et al.,
2016). So, the best way to increase in the production
without causing an ecological alarm is to integrate both
of the organic methods and fertilizers in a judicious
way.

Phaseolus vulgaris L. the common bean is a herbaceous
annual plant grown worldwide for its edible dry seeds
or unripe fruit (both commonly called beans) (Sarhan et
al., 2018). The main categories of common beans,
based on use, are dry beans (seeds harvested at
complete maturity) and snap beans (tender pods with
reduced fiber harvested before the seed development
phase). Phaseolus is a highly nutritious grain legume
crop, including a good source of carbohydrates and
protein (Sarhan et al., 2018). It also helps in the
improvement of soil fertility by biological N, fixation
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(Singh, 1999). In 2016, world production of green
beans was 23.6 million metric tons as well as the world
dried bean production in 2016 was 26.8 million metric
tons, which are produced worldwide (FAOSTAT,
2017).

While using inorganic fertilizers any longer not only
exhausting our productive lands rendering them
towards low fertility but also they are provoking many
environmental issues as they get into the food chain
through bio magnification, fresh water sources by
runoff making them unfit for any kind of further usage,
disturbing the biological balance of the soil-rhizosphere
system and getting accumulating in the soil itself
making it atoxic reserve of heavy metals.

So, the best way to increase in the production without
causing an ecological alarm is to integrate both of the
organic methods and fertilizers in a judicious way. This
will be going to fulfill the nutrient need of the crop
production along with harness of the biota of the soil-
plant-atmosphere continuum

Naming the microbia agents that are in modern
agricultural use includes bacterial genera Azospirillum
and Rhizobium are well-studied examples for plant
growth promotion, Bacillus, Pseudomonas, Serratia,
Senotrophomonas, and Streptomyces and the fungal
genera Ampelomyces, Coniothyrium and Trichoder ma.
Trichoderma harzianum has been popularly used as a
biocontrol agent in different crops against variety of
pathogens as well as an agent to mitigate a variety of
biotic and abiotic stresses as it is found in all kinds of
soils (Sharma et al, 2012). But in recent decades its
growth promoting activities has been discovered and
explored in growth promotion of various crops.
Phytohormones like auxin and other hormones have
been known to be produced by Trichoderma sp. which
enhances different plant growth parameters leading to
increased production with lesser amount of inorganic
fertilizers like any other biofertilizer (Carvalho et al.,
2011). Further, enhancement in root growth and
proliferation due to Trichoderma inoculation leads to
more efficient uptake of nutrients and water
contributing to higher production (Singh et al., 2017).
By improving number of trifoliate branches, number of
pods, pod weight, number of seeds in pods, seed index
etc. are different yield related attributes of red kidney
bean plants can be made better and higher biological
yield, economic yield and harvesting index owed to the
uptake of nutrients ensure this through combined use of
biofertilizer and inorganic nutrients in a proportion
which is both profitable and sustaining.

Growth parameters will ultimately contribute to the
production and productivity a a lower cost of
cultivation. The bio-priming is a process of biological
seed treatment that refers to combination of seed
hydration and inoculation of seed with a biological
agent to protect seed, improves seed germination,
seedling establishment and vegetative growth (Rakshit
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et al., 2014; Babu et al., 2014; Kumar et al., 2017).
Keeping these in mind, an experiment was conducted
on red kidney beans (HUR-137, Malviya Rama)
following biopriming with the microbial fungal agent
Trichoderma harzianum.

MATERIALSAND METHODS

The pot experiment was conducted during Rabi season
of 2016-2017 using alluvia soil in Department of Soil
Science and Agricultural Chemistry, Institute of
Agricultural  Sciences, B.H.U.Varanasi, U.P. Bulk
surface (0-15 cm) soil was collected from the
Agricultural Research Farm, IAS, Varanas which had
229 kg/ha available N, 17 kg/ha available P and 230
kg/ha of available K. Seeds were treated with microbial
suspension and dried while fertilizers were applied as
per recommended dose (N: P: K @ 120: 60: 60 kg/ha)
as per treatments. The experimental design was under
completely randomized block design with three
replications (CRD).

Yield attributing characteristics like number of trifoliate
branches/plant, Pod weight, number of Pods per plant,
number of seeds per pod, pod length, seed index were
taken manually in the crop at the time of harvesting
followed by calculation of yield expressed per pot and
kg/ha. Seed index (g) and other yield related features
like Economic Yield, Biological Yield and Harvest
index were also observed at the time of harvesting.
Harvest index was calculated by using the formula:

. _ Economic yield
Harvest index = Biological yield

The analysis of data. was carried out using STAR. One
way ANOVA for CRD was performed to compare the
means of different treatments and significant
differences. Duncan Multiple Range Test (DMRT) was
aso performed to differentiate the treatment means

from each other at p<0.5.
RESULTSAND DISCUSSION

Number of trifoliate branches/plant. At harvesting,
among all the treatments T, (pots applied with full dose
of RDF without any biopriming) (6) gave maximum
number of trifoliate brancheg/plant (Table 1 and Fig. 1).
It was followed by Ts (5.75), T4 (4.75), T3 (4.5), Ts
(3.75) and T; (2.5). Enhanced number of trifoliate
branches can be attributed to colonization of plant roots
with T. harzZianum resulting in increased nutrient
uptake, improved germination and increased plant stand
(Singh et al., 2017). PGPR activities of T. harzianum
producing auxins and other growth hormones increased
number of trifoliate branches in common bean or snap
bean (Sarhan et al., 2018). Similar results involving
improvement in number of trifoliate branches were
obtained by treating groundnut seeds with T. harzianum
in other regions of country (Dutta et al., 2021). Also,
Trichoderma sp. enhanced the yield related growth in
other crops as well like number of spikesin wheat crop
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owing to the improved root growth, plant growth
promoting activities and enhanced nutrient uptake in
wheat, Arabidopsis (Sharma et al., 2012; El-Gizawy,
2009; Harman et al., 2004; Contreras-Cornejo et al.,
2009). Trifoliate branches enhanced by Trichoderma
inoculation can also be attributed to production of
secondary metabolites which may act as an auxin
compound and other secondary metabolites such as
harzianolide and anthroquinoues. Similar results were
Pod weight. A gradual and consistent increase in
weight of pods on each plant was observed in the pod
formation stage i.e. 60 DAS. At the time of harvesting
of common bean crop maximum pod weight was
observed in T, (2.35 g) as shown in Table 1 and Fig. 1
followed by Ts (2.18 g), T4 (2.17 @), T3 (213 g), Ts
(1.93g)and T, (1.85g).

PGPR activities of T. harzianum producing auxins and
other growth hormones increased pod weight in
common bean or snap bean (Sarhan et al., 2018).
Osmolytes accumulation, enhanced water use efficiency
and other rhizospheric effects have been attributed for
the increment in yield related parameters like pod
weight in different crops (Petropoulos et al., 2020).
Data of pod weight a8 60 DAS of plants was
significantly affected due to application of graded doses
of fertilizer with combination of seed biopriming by T.
harzianum. Higher pod weight is a result of higher
nutrient uptake and translocation from roots to aerial
parts with some growth regulators (Azarmi et al., 2011)
and due to production of VOCs (Hung et al., 2013). It
also suppresses chlorophyll losses in drought conditions
(Shukla et al., 2012). Hexon et al., (2009) demonstrated
increase in photosynthetic pigments in Trichoderma
inoculated Arabidopsis thaliana based on the fact that
Trichoderma increased root biomass leading to better
nutrient acquisition and in turn more pod weight.
Number of Pods. A gradual and consistent increase in
number of pods on each plant in the pod formation
stage i.e. 60 DAS was observed. Highest number of
pods was recorded in treatment T, (12.8 plant™) and
minimum was recorded in T, (6.1 plant™) (Table 1, Fig.

also reported by Vinale et al. (2008) in wheat, Molla et
al. (2012); Azarmi et al. (2011); Rudresh et al. (2005);
Inbar et al. (1994); Bjorkman et al. (1998).
Phytohormones like auxin and gibberellins are
produced by Trichoderma and solubilization of
nutrients like phosphorus, iron, manganese, zinc have
been found to be responsible for improvement in
trifoliate branches (Kakabouki et al. 2021; Elkelish et
al. 2020; Smith and Read 2010).

1). Increase in number of pods of T, over control was
6.7.

Enhanced number of pods can be attributed to
colonization of plant roots with T. harzianum resulting
in increased nutrient uptake, improved germination and
increased plant stand (Singh et al., 2017). Similar
results involving improvement in number of pods per
plant were obtained by treating groundnut seeds with T.
harzianum in other regions of country (Dutta et al.,
2021). Also, Trichoderma sp. enhanced the yield
related growth in other crops as well like number of
spikes in wheat crop owing to the improved root
growth, plant growth promoting activities and enhanced
nutrient uptake in wheat, Arabidopsis (Sharma et al.,
2012; El-Gizawy, 2009; Harman et al., 2004,
Contreras-Cornejo et al., 2009). Likewise increase in
number of pods per plant due to T. harzianum was also
observed by other workers in common bean in addition
to disease control (Carvalho et al., 2015). In another
experiment per plant number of pods increased in faba
bean when treated with T. harzanum (Kumari et al.,
2017). Osmolytes accumulation, enhanced water use
efficiency and other rhizospheric effects have been
attributed for the increment in yield related parameters
like number of pods in different crops (Petropoulos et
al., 2020). Similar extent of increase in number of pods
by the application of Trichoderma harzianum with T3
and T, suggested role of Trichoderma harzianum in
solubilizing severa plant nutrients (Altomere et al.,
1999) improving the plant root system which have been
manifested in above ground biomass.

Table 1: Effect of biopriming with T. harzanum and graded dose of N: P: K application on yield attributing
charactersof red kidney bean at harvesting growth stage.

No. of
Treatment trifoliate Pod wt.(g) No. of Pods No. of seeds | Pod length Seed Index Yield/pot(g)
branches/plant per Pods (cm) @
T1 2.53 1.85 6.13 3.24 6.54 27.63 23.98
T2 6.01 2.35 12.82 6.85 11.35 38.64 86.48
T3 45 2.14 9.66 492 8.67 33.27 40.92
T4 4,75 2.17 10.75 5.17 9.87 35.18 49.31
T5 5.75 2.18 11.46 5.98 10.15 36.25 55.39
T6 3.75 1.93 8.56 4,50 7.85 31.89 32.87
Sem + 0.43 0.19 1.13 0.48 0.87 3.21 6.04
LSD
(P=0.05) 0.12 0.06 0.35 0.17 0.29 1.14 1.92
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Fig. 1. Effect of biopriming with T. harzianum and graded dose of N: P: K application on yield attributing
characteristics of Rajmash at harvesting stage.

Number of seeds per Pods. At harvesting
significantly higher number of seeds per pods was
recorded in treatment T, (12.8 g pod™) followed by Ts
(5.9), T4 (5.1), T3 (4.9), Ts (4.5) and T,. Result clearly
illustrated that number of seeds per pod of red kidney
bean plant was boosted by the combined use of
Trichoderma harzianum and N: P: K. It may aso be
ascribed due to adequate supply of nutrients due to
mineralization of nutrients and nutrient uptake by
increased population of Trichoderma harzianum in the
crop rhizosphere (Singh et al., 2017; Masunaka et al.,
2011). Similar results involving improvement in
number of seeds per pod were obtained by treating
groundnut seeds with T. harzianum in other regions of
country (Dutta et al., 2021). Also, Trichoderma sp.
enhanced the yield related growth in other crops as well
like number of spikes in wheat crop owing to the
improved root growth, plant growth promoting
activities and enhanced nutrient uptake in wheat,
Arabidopsis (Sharma et al., 2012; El-Gizawy, 2009;
Harman et al., 2004; Contreras-Corngjo et al., 2009).
Likewise increase in number of seeds per pods dueto T.
harzianum was also observed by other workers in
common bean in addition to disease control (Carvalho
et al., 2015). Trichoderma spp. enhancing plant growth
has been reported in severa crop plants and has been
attributed to auxin (Contreras-Cornejo et al., 2009).
Besides, nutrient acquisition is improved enhancing
indirect growth promotion due to better nutrient supply
and uptake (Bjorkman et al., 1998; Rudresh et al.,
2005).

Pod length. At harvesting T, caused significantly
higher pod length (11.35 cm) and further followed by
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Ts, T4, Ta, and T, (Table 1, Fig. 1). Pod length ranged
between 11.35, 10.15, 9.87, 8.67, 7.85 and 6.54
respectively in different treatments. Ts, T4 were found
to be at par with each other while rest of the treatments
were different from each other significantly. Result
clearly illustrated that pod length of red kidney bean
plant was boosted by the combined use of Trichoderma
harzianumand N: P: K.

The increase in pod length may be due to increased
volume of root biomass enabling large volume of soil
exploitation of the plant which could increase the
chance for nutrients uptake through maximum access to
use mineral nutrients. Higher pod length may be due to
the microbial inoculants which is an ensuring unit with
the capacity to promote the plant growth, enhance
nutrient availability and uptake, and support the health
of plant due to production of growth promoting
substances (Adesemoye et al. 2009; Singh and Singh
2011, Azarmi et al. 2011; Rudresh et al., 2005).

Seed Index. At harvesting T, caused significantly
higher seed index of 38.64 g and was further followed
by Ts, T4, Tz and Ty (Table 1, Fig. 1). Seed Index
ranged between 38.64 g, 36.25 g, 35.18 g, 33.27 g,
31.89 g and 27.63 g respectively in different treatments
while Ts and T, were found to be at par with each other.
Result clearly illustrated that seed index of red kidney
bean plant was boosted by the combined use of
Trichoderma harzianum and N: P: K. It may aso be
ascribed due to adequate supply of nutrients due to
mineralization of nutrients and nutrient uptake by
increased population of Trichoderma harzianum in the
crop rhizosphere (Singh et al., 2017; Masunaka et al.,
2011). Similar results involving improvement in seed
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index were obtained by treating groundnut seeds with
T. harzianum in other regions of country (Dutta et al.,
2021). Also, Trichoderma sp. enhanced the yield
related growth in other crops as well like number of
spikes in wheat crop owing to the improved root
growth, plant growth promoting activities and enhanced
nutrient uptake in wheat, Arabidopsis (Sharma et al.,
2012; El-Gizawy, 2009; Harman et al., 2004;
Contreras-Cornejo et al., 2009). Likewise increase in
100 seed weight due to T. harzianum was al so observed
by other workers in common bean in addition to disease
control (Carvaho et al., 2015). Osmolytes
accumulation, enhanced water use efficiency and other
rhizospheric effects have been attributed for the
increment in yield related parameters like in different
crops (Petropoulos et al., 2020).

Yield/pot. At harvesting significantly higher yield per
pot was recorded in treatment T, (86.48 g pot™)
followed by Ts (55.39 g pot™), T, (49.31 g pot™), T,
(40.92 g pot?), T4 (32.87 g pot™) and T,. Result clearly
illustrated that number of seeds per pod of red kidney
bean plant was boosted by the combined use of
Trichoderma harzianum and N: P: K. All the treatments
were found to be datistically different from other
treatments.

Yield enhancement by Trichoderma harzianum along
with disease control in cowpea bean was found to be
improved as presented by Pan and Dasin 2011 and in
other crops aswell (Liu & Hunary 2000; El-M ohamedy
2004). Improved plant growth, supplying favourable
conditions in the crop rhizosphere, increased root
growth and nutrient uptake lead to increment in yield of
crop (Singh et al., 2017; Harman et al., 2004; Sallam et
al., 2008). PGPR activities of T. harzianum producing
auxins and other growth hormones increased yield in
common bean or snap bean (Sarhan et al., 2018).
Similar results involving improvement in yield were
obtained by treating groundnut seeds with T. harzianum
in other regions of country (Dutta et a, 2021). Similar
results were obtained by other workers in red kidney
bean (Liton et al., 2019). Osmolytes accumulation,
enhanced water use efficiency and other rhizospheric
effects have been attributed for the increment in yield
related parameters like yield in different crops
(Petropoulos et al., 2020).

Economic Yield. At harvesting, among al the
treatments T, (16.86 g/ha) gave highest economic yield
(Table 2 and Fig. 2). It was followed by T5(14.81 g/ha),
T,4(13.03 g/ha), T5(12.23 g/ha), Ts (11.83 g/ha) and T,
(9.85 g/ha). However T3 and Tg were found to be
dtatistically at par with each other while rest of the
treatments were observed to be significantly different
from each other.
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Yield enhancement by Trichoderma harzianum along
with disease control in cowpea bean was found to be
improved as presented by Pan and Dasin 2011 and in
other crops as well (Liu & Hunary 2000; El-Mohamedy
2004). Improved plant growth, supplying favourable
conditions in the crop rhizosphere, increased root
growth and nutrient uptake lead to increment in yield of
crop (Singh et al., 2017; Harman et al., 2004; Sallam et
al., 2008). PGPR activities of T. harzianum producing
auxins and other growth hormones increased yield in
common bean or snap bean (Sarhan et a, 2018).
Similar results involving improvement in seed
production were obtained by treating groundnut seeds
with T. harzianum in other regions of country (Dutta et
al., 2021). Similar results were obtained by other
workersin red kidney bean (Liton et al., 2019).
Biological Yield. At harvesting, significantly higher
yield was recorded in treatment T, (25.78 g/ha)
followed by Ts (23.64 g/ha), T4 (22.13 g/ha), T3 (20.89
ag/ha), Te (19.25 g/ha) and T;. Result clearly illustrated
that biological yield of red kidney bean plant was
boosted by the combined use of Trichoderma
harzianum and N: P: K. All the treatments were found
to be datisticaly different from other treatments.
Likewise increase in grain production due to T.
harzianum was also observed by other workers in
common bean in addition to disease control (Carvalho
et al., 2015).

Yield enhancement by Trichoderma harzianum along
with disease control in cowpea bean was found to be
improved as presented by Pan and Dasin 2011 and in
other crops as well (Liu & Hunary 2000; El-Mohamedy
2004). Improved plant growth, supplying favourable
conditions in the crop rhizosphere, increased root
growth and nutrient uptake lead to increment in yield of
crop (Singh et al., 2017; Harman et al., 2004; Sallam et
al., 2008). PGPR activities of T. harzianum producing
auxins and other growth hormones increased yield in
common bean or snap bean (Sarhan et al., 2018).
Similar results involving improvement in seed
production were obtained by treating groundnut seeds
with T. harzianum in other regions of country (Dutta et
al., 2021). Similar results were obtained by other
workersin red kidney bean (Liton et al., 2019).
Harvesting Index. At harvesting T, caused
significantly higher Harvesting index (65%) and was
further followed by Ts, T4, T3, and T, (Table 2, Fig. 2).
Harvesting index ranged between 65%, 63%, 61%,
60%, 59% and 58% respectively in different treatments.
All the treatments were different from each other
significantly. Result clearly illustrated that Harvesting
index of red kidney bean plant was boosted by the
combined use of Trichoderma harzianumand N: P: K.
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Table 2:

Effect of biopriming with T. harzanum and graded dose of N: P; K application on yield

characteristics of red kidney bean at harvesting growth stage.

Treatment Economic Yied (g/ha) Biological Yidd (kg/ha) Harvesting I ndex (%)
T1 9.8525 16.43 57
T2 16.855 25.78 65
T3 12.2225 20.89 60
T4 13.0325 22.13 61
T5 14.81 23.64 63
T6 11.8275 19.25 59
Sem+ 1.24 2.14 5.73
L SD (P=0.05) 0.41 0.69 1.93
(T1: Control; T2: RDF, T3: 70%RDF+Biopriming; T4: 80% RDF+Biopriming; T5: 90%RDF+Biopriming; T6:
Control+Biopriming); Means with the same letter are not significantly different.
70
I — a1 -
MG I
M e e B N ETiconomic Vield (gha)
ot B Biological Yicld (kg'ha)
Larvesting Index (%)
20 77 @
10
0 B 1—1—1—1—1—:
TEo12 I3 T4 s 16

Fig. 2. Effect of biopriming with T. harzianum and graded dose of N: P: K application on yield characteristics of red
kidney bean at harvesting growth stage.

CONCLUSION

The research data supports the points that Biopriming
of the crop with Trichoderma harzianum improved
different yield attributes like number of trifoliate
branches/plant, weight of pods, number of pods,
number of seeds per pods, pod length, seed
index,Yield/pot in red kidney bean. Improvement in
these traits of the crops resulted in increased economic
as well as biological produce of red kidney and
ultimately harvesting index for the crop.

Acknowledgements. Authors thank to Head, Department of
Soil Science and Agricultura Chemistry, Institute of
Agricultural Sciences, Banaras Hindu University, Varanas
for providing the necessary facility to conduct this experiment
and are also thankful to Ministry of Minority Affairs for the
post-matric scholarship during the present investigation.
Conflict of Interest. None.

REFERENCES

Adesemoye, A. O., Torbert, H. A. & Kloepper, J. W. (2009).
Plant growth-promoting rhizobacteria allow reduced
application rates of chemical fertilizers. Microb. Ecol.,
58: 921-929.

Altomare, C., Norwell, W. A., Bjorkman, T. & Harman, G. E.
(1999).  Solubilization  of  Phosphates and
Micronutrients by the Plant-Growth-Promoting and

Mehjabeen etal.,

Biological Forum — An International Journal

Biocontrol Fungus Trichoderma harzianum Rifai
1295-22. Applied and Environmental Microbiology,
65(7): 2926-2933.

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

Babu, A. G., Shim, J,, Bang, K. S, Shea, P. J. & Oh, B. T.
(2014). Trichoderma virens PDR-28: A heavy metal-
tolerant and plant growth-promoting fungus for
remediation and bioenergy crop production on mine
tailing soil. J Environ Manag., 132: 129-134.

Bjorkman, T., Blanchard, L. M. & Harman, G. E. (1998).
Growth Enhancemnent of shrunken-2 (sh2) Sweet
Corn by Trichoderma harzianum 1295-22: Effect of
Environmental Stress. Journal of American Society for
Horticultural Sciences, 123(1): 35-40.

Carvaho, D.D.C., Geradine, A.M., Lobo, M., & Mello, S. C.
M. D. (2015). Biological control of white mold by
Trichoderma harzianum in common bean under field
conditions. Pesguisa Agropecudria Brasileira, 50:
1220-1224.

Carvaho, D.D.C.,, Mello, S.C.M. de, Lobo Junior, M.,
Geradine, A.M. (2011). Biocontrol of seed pathogens
and growth promotion of common bean seedlings by
Trichoderma harzianum. Pesquisa Agropecuaria
Brasileira, 46: 822-828.

14(1): 808-815(2022) 813



Contreras-Corngjo, H. A., Macias-Rodriguez, L., Cortés-
Penagos, C. & Lépez-Bucio, J. (2009). Trichoderma
virens, a plant beneficial fungus, enhances biomass
production and promotes lateral root growth through
an auxin-dependent mechanism in Arabidopsis. Plant
Physiology, 149: 1579-1592.

Dutta, P., Deb, L., Gogoi, J., Mahanta, M., Kumari, A., Yasin,
A. & Sharma, A. (2021). “UmTricho” a liquid
bioformulation of indigenous strain of Trichoderma
harzianum effectively managed the tikka disease
(Cercospora spp.) of groundnut, Arachis hypogea L.
under the agroecological condition of Meghaaya
Biological Forum — An International Journal, 13(2):
529-535.

El Gizawy, N. K. B. (2009). Effect of Planting Date and
Fertilizer Application on Yield of Wheat under No till
System. World Journal of Agricultural Sciences, 5(6):
777-783.

Elkelish, A. A., Alhaithloul, H. A. S., Qari, S. H., Soliman,
M. H. & Hasanuzzaman, M. (2020). Pretreatment with
Trichoderma harzianum aleviates waterlogging-
induced growth aterations in tomato seedlings by
modulating physiological, biochemical, and molecular
mechanisms. Environ. Exp. Bot., 171: 103946.

El-Mohamedy, R. S. (2004). Control of Fusarium root rot
disease on mandarin by soil amendment with
Trichoderma harzianum grown on bagasse (sugarcane
waste). Journal of Agricultural Science, 29(1): 83-95.

FAOSTAT. (2017). Data base result 2016, Food and
Agriculture  Organization of United Nations,
http://Fao.org.

Harman, G. E. K., Howell, C. R., Viterbo, A., Chet, |. &
Lorito, M. (2004). Trichoderma species -
opportunistic, avirulent plant symbionts. Nature
Review of Microbiology, 2: 43-56.

Hexon, A. C., Lourdes, M. R., Carlos, C. P. & Jose, L. B.
(2009). Trichoderma virens, a plant beneficial fungus,
enhances biomass production and promotes latera
root growth through an auxin-dependent mechanismin
Arabidopsis. Plant Physiology, 149: 1579-1592.

Hung, R., Lee, S. & Bennett, J. W. (2013). Arabidopsis
thaliana as a model system for testing the effect of
Trichoderma volatile organic compounds. Fungal
Ecology, 6: 19-26.

Inbar, J., Abramsky, M., Cohen, D. & Chet, I. (1994). Plant
growth enhancement and disease control by
Trichoderma harzianum in vegetable seedlings grown
under commercial conditions. European Journal of
Plant Pathology, 100(5): 337-346.

Kakabouki, I., Tataridas, A., Mavroeidis, A., Kousta, A.,
Karydogianni, S,, Zisi, C., Koundli, V., Konstantinou,
A., Folina, A., Konstantas, A. & Papastylianou, P.
(2021). Effect of Colonization of Trichoderma
harzianum on Growth Development and CBD Content
of Hemp (Cannabis sativa L.). Microorganisms, 9:
518.

Kumar, A., Maurya, B. R., Raghuwanshi, R., Meena, V. S, &
Tofazzal Isdlam, M. (2017). Co-inoculation with
Enterobacter and Rhizobacteria on yield and nutrient
uptake by wheat (Triticum aestivum L.) in the alluvia
soil under indo-gangetic plain of India Journal of
plant growth Regulation, 36(3), 608-617.

Mehjabeen etal.,

Biological Forum — An International Journal

Kumari, R., Khan, M. R, Bagri, G. K., Bagri, D. K. & Bagdi,
D. L. (2017). Soil application of different species of
Trichoderma for the management of charcoal rot of
faba bean caused by Macrophomina phaseolina. J.
Pharmacogn. Phytochem., 6(6): 1483-1486.

Liton, J. A., Bhuiyan, M. K. A., Jannat, R., Ahmed, J.U.,
Rahman, M. T., & Rubayet, M. T. (2019). Efficacy of
Trichoderma-fortified compost in controlling soil-
borne diseases of bush bean (Phaseolus vulgaris L.)
and sustainable crop production. Advances in
Agricultural Science, 7(2): 123-136.

Liu, G. H. & Huany, J. W. (2000). Effect of soil amendment
of FBN- SA mixture on control of radish yellows and
its possible mechanisms for inhibition of the pathogen.
Plant Protection Bulletin Tapil., 42: 169-82.

Masunaka, A., Hyakumachi, M. & Takenaka, S. (2011).
Isoflavonoi dphytoal exinvestitol production for
colonization on/in the roots of Lotus japonicas.
Microbes and Environment, 26: 128-134.

Meena, S. K., Rakshit, A. & Meena, V. S. (2016). Effect of
seed biopriming and N doses under varied soil type on
nitrogen use efficiency (NUE) of wheat (Triticum
aestivum L.) under greenhouse conditions.
Biocatalysis and Agricultural Biotechnology, 6: 68-75.

Molla, A. H., Hague, M., Haque, A. & llias, G. N. M.
(2012). Trichoderma-Enriched Biofertilizer Enhances
Production and Nutritional Quality of Tomato
(Lycopersicon esculentum Mill.) and Minimizes NPK
Fertilizer Use. Agricultural Research, 1(3): 265-272.

Pan, S. & Das, A. (2011). Control of cowpea (Vigna sinensis)
root and collar rot (Rhizoctonia solani) with some
organic formulations of Trichoderma harzianum under
field condition. The Journal of Plant Protection
Sciences, 3(2): 20-25.

Petropoulos, S. A., Fernandes, A., Plexida, S., Chrysargyris,
A., Tzortzakis, N., Barreira, J. C. M., Barros, L. &
Ferreira, 1.C.F.R. (2020). Biostimulants Application
Alleviates Water Stress effects on Yield and Chemical
Composition of Greenhouse Green Bean (Phaseolus
wvulgarisL). Agronomy, 10: 181.

Rakshit, A., Pd, S., Meena, S, Manjhee, B., Rai, S, Rai, A.,
Bhowmick, M. K. & Singh, H. B. (2014). Seed hio-
priming: a potential tool in integrated resource
management. SATSA Mukhaptra Annu. Techn. Issue,
18: 94-103.

Rudresh, D. L., Shivaprakasha, M. K. & Prasad, R. D. (2005).
Effect of combined application of Rhizobium,
phosphate solubilizing bacterium and Trichoderma
spp. on growth, nutrient uptake and yield of chickpea
(Cicer aritenium L.). Applied Soil Ecology, 28: 139-
146.

Sallam, N. M. A., Abo, Elyousr, K. A. M. & Hassan, M. A. E.
(2008). Evauation of Trichoderma Species as
Biocontrol Agents for Dampingoff and Wilt diseases
of Phaseolus vulgaris L. and Efficacy of Suggested
Formula. Egyptian Journal of Phytopathology, 36: 81-
93.

Sarhan, E. A. D., El-Far, E. M. M. & Ebrahiem, A. M. Y.
(2018). Systemic Resistance in Snap Bean (Phaseolus
vulgaris L.) Elicited by Some Chemicals and Biotic
Inducers Against White Mold Disease Caused by
Sclerotinia  sclerotiorum. Egypt. J. Phytopathol.,
46(2): 61-84.

14(1): 808-815(2022) 814


http://Fao.org

Shukla, N., Awasthi, R. P., Rawat, L. & Kumar, J. (2012). and Sclerotinia sclerotiorum rot of brinjal. Veg. <.,

Biochemica and physiological responses of rice 39(2): 144-148.
(Oryza sativa L.) as influenced by Trichoderma Singh, S. P. (1999). Common Bean: Improvement in the
harzianum under drought stress. Plant Physiology and Twenty-First Century. Kluwer Academic Publishers,
Biochemistry, 54: 78-88. London, 2-7.
Singh, M., Deokaran, Parwez, A., Kumar, S. & Sangle, U. R. Smith, S. E. & Read, D. J. (2010). Mycorrhizal Symbiosis;
(2017). Effect of Trichoderma harzianum strains and Academic Press. San Diego, CA, USA.
IRRI BMP on growth, nodulation, yield and Vinde, F., Sivasthamparam, K., Ghisalberti, E. L., Marra,
economics of lentil under lowland rainfed ecology of R., Barbetti, M. J., Li, H., Woo, S. L. & Lorito, M.
Bihar. Journal of Agri. Search, 4(3): 202-205. (2008). A nove role for Trichoderma secondary
Singh, S. P. & Singh, H. B. (2011). Effect of consortium of metabolites in the interactions with plants.
Trichoderma harzianum isolates on growth attributes Physological and Molecular Plant Pathology, 72(1-3):
80-86.

How to cite this article: Mehjabeen, A. Rakshit, Anoop Kumar Devedee and Ghanshyam (2022). Seed Biopriming with
Trichoderma Enhances Yield Attributing Characters of Rajmash (Phaseolus vulgaris c.v. HUR-137) in Varanasi Region of
Uttar Pradesh. Biological Forum— An International Journal, 14(1): 808-815.

Mehjabeen etal., Biological Forum — An International Journal  14(1): 808-815(2022) 815



