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Abstract

Sustainable agronomic practices are tried all over the world to promote safe and eco-friendly crop production. Therefore, in the

present study, the effect of seed endophytic bacteria and its consortia on soil biochemical property, soil nutrient, and yield of

chickpea (Cicer arietinum L.) under field and pot conditions are investigated. Both the experimental results proved a significant

increase in total soil organic carbon (OC), electric conductivity (EC), organic matter (OM), soil nutrient like available N, P

and K content and important soil enzymes like dehydrogenase (DHA), beta glucosidase, alkaline phosphate, and urease was

observed under the Enterobacter hormaechei BHUJPCS-15 (T1), Enterobacter cloacae BHUJPCS-21 (T2) and combined T3

(consortia of T1 and T2) treatments. Similarly, a significant increase in the grain yield (27-45% and 57-73%) in microbial

treatment was found in pot and field experiments, respectively than control. In addition, whereas the higher plant biomass

(14-38% and 42-78%) was recorded in the treated plant over the control plant. Similarly, the plant photosynthetic pigment

(Chl a, b, total Chl) were also increased in the microbial treated plant than the control untreated chickpea plant. Our present

study highlights the significance of sustainable agronomic practices for improving the soil quality and agricultural yield while

reducing adverse impacts of chemicals by the use of seed endophytic microbes and their consortia.
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Abstract

Sustainable agronomic practices are tried all over the world to promote safe and eco-friendly crop production.
Therefore, in the present study, the effect of seed endophytic bacteria and its consortia on soil biochemical
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property, soil nutrient and yield of chickpea (Cicer arietinum L.) under field and pot conditions are investi-
gated. Both the experimental results proved a significant increase in total soil organic carbon (OC), electric
conductivity (EC), organic matter (OM), soil nutrient like available N, P and K content and important soil
enzymes like dehydrogenase (DHA), beta glucosidase, alkaline phosphate and urease was observed under
the Enterobacter hormaechei BHUJPCS-15 (T1), Enterobacter cloacae BHUJPCS-21 (T2) and combined T3
(consortia of T1 and T2) treatments. Similarly, a significant increase in the grain yield (27-45% and 57-73%)
in microbial treatment was found in pot and field experiment, respectively than control. In addition, whereas
the higher plant biomass (14-38% and 42-78%) was recorded in treated plant over the control plant. Similarly,
the plant photosynthetic pigment (Chl a, b, total Chl) were also increased in microbial treated plant than
the control untreated chickpea plant. Our present study highlights the significance of sustainable agronomic
practices for improving the soil quality and agricultural yield while reducing adverse impacts of chemicals
by the use of seed endophytic microbes and its consortia.

Key words

Seed Endophytes, Chickpea, Plant Growth Promoting Microbes (PGPM), Soil Health and Enzyme, Soil
Nutrient, Microbial Consortia

Introduction

Recently, the main problem around the world agriculture is the loss of soil quality and fertility. Due to loss
of organic matter (OM) and decomposition of different chemicals to the agricultural soil and productivity of
agricultural crops reduces. Currently, other major problems are random industrialisation, urbanization and
cutting of natural forest. Additionally, the poor agro-waste management practices increase the greenhouse
gas emissions, random chemical use directed to loss of soil quality and fertility along with the loss of soil
biodiversity (Abhilash et al., 2016). Furthermore, the overgrowth of population around the world required
more quality food in limited fertile soils. For achieving this target to feed the human being needs change
in current agricultural process and practices around the world which highly dependents on the chemical
fertilizers and chemical pesticides ( Bhardwaj et al., 2014). The uses of chemical directly affect human
health and global environment as well as soil fertility (Mukherjee et al., 2020a). Therefore, priority should
be given to the use of plant growth promoting microorganisms (PGPM) as biofertilizers both for the food
security and sustainable crop production by improving soil health and fertility as an eco-friendly approach
to conserve degraded land. Application of the organic manures along with the inorganic fertilizers help to
increase the soil organic matter, soil structure, improved soil nutrient, helps to maintain the soil cation
exchange capacity and soil biological activity and diversity, and restoration of soil (Dubey et al., 2020;
Singh et al., 2020; Saha et al., 2008). Though chemicals fertilizers and pesticides are important input for
agricultural sector to get higher yield, but unbalance and excess application of these agrochemical affects the
soil properties, crop productivity and causes a serious health issue, land problems such as soil degradation
(Hepperly et al., 2009).

Therefore, an integrated application of biofertilizer as microbial inoculum in the agriculture field to minimise
the agrochemical use under sustainable agricultural practices must be needed. Application of PGPM either
with seed treatment, soil application, and foliar use help to reduce the pathogenic infection as well as
induce plant growth promoting activities (Mukherjee et al., 2020b). Till date a lot of microbial inoculants
are available in the market and the number of commercial microbial agent’s increased spontaneously as
different studies have been conducted to verify their effectiveness (Berg, 2009). Among all the microbial
cultures, the plant growth-promoting microbes (PGPM) are well studied and known to promote the soil
health development, induce available soil nutrient and help in plant disease suppression (Mukherjee et al.,
2020c and 2019; Verma et al., 2014).

The application of seed endophytic bacteria in sustainable agriculture is a burning approach but very limited
studies are conducted on it (Mukherjee et al., 2020b). Harnessing seed microbiome is considered as a viable
emerging approach to sustainably increase agriculture productivity, soil sustainability and land development.
While research studies showed that the use of bio-inoculants didn’t show good results in field conditions due
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to lack of indigenous strains and different agro-climatic zone. Recently, it was proposed that if the bio-
inoculants were developed either from plant endophytes, core microbiota or with the crop microbiome, the
result showed significant outcomes with the application of bioinoculants, (Mukherjee et al., 2020b; Qiu et
al., 2019). However, most of the evidence for seed microbiome came from the molecular approaches and very
few extensive field level works have been done with the isolated seed microbes. The main functional role
of these seed endophytic microbiota is very poorly known. Currently, such types of evidence are very less
and needs systematic evaluation of the seed microbes to support this argument. In order to manage all the
agricultural resources along with the improving soil health and quality, yield and stability of agri-products,
the present research study was conducted on chickpea (Cicer arietinum L.) at pot and field condition in
Varanasi district of Uttar Pradesh, India.

This study was conducted with common market available chickpea (variety P-362) which is a very important
daily consumable protein, nutrient rich pulse crop worldwide. In India, it use as a multipurpose crop for
human consumption as well as fodder (Yadav et al., 2017). Therefore the sustainable management of chickpea
crop in India is very essential to attain the target of environmental sustainability. In this present study we use
chickpea seed endophytes for improving the crop production and soil quality. Our study tried to investigate
the potential role of chickpea seed endophytes on (1) Chickpea (C. arietinum L.) crop growth, yield, (2)
the soil health and nutrients (both physicochemical, biological properties), (3) the relation between the crop
production and soil fertility.

2. Materials and methods

2.1 Microbial consortia development for pot and field experiments

Isolation of chickpea seed endophytic bacteria and their biochemical, molecular characterization and primary
plant growth promoting test was done previously (Mukherjee et al., 2020b). Depending on the all plant growth
promoting property we have selected two strains and prepared their consortia depending on the compatibility.
We have checked all plant growth promoting biochemical property of microbial consortia by the methods
followed by Mukherjee et al. (2020b).

2.2 Experimental layout

Research was carried out (2019–2020) in two different area i) Experimental field of Institute of Environment
and Sustainable Development (IESD), Banaras Hindu University, Varanasi (25°15´44´´ N; 82°59´41´´E)
and (ii) Ratanpur, Babatpur (25°26´38” N; 82°48´ 14” E), the season was winter with the temperature
ranging from 7°C - 25°C and the relative humidity was 67–84% in Uttar Pradesh, India. The experiment was
conducted in pot and field respectively with triplicate.

2.3 Cropping system

This study was conducted with the use of common variety in local market chickpea seed P-362. The pot
contained 2kg of sterilised soil, and the field study was conducted on 6ft × 4ft plot in triplicates, the spacing
of plantation was done as recommended in local standard agricultural practices. The control (T0) plots
contained seeds without microbial inoculant where treatment plot (T1, T2 and T3) contained chickpea
seed endophytic bacteria treated seeds (Enterobacter hormaecheiBHUJPCS-15 (T1), Enterobacter cloacae
BHUJPCS-21 (T2), combined T3 is consortia of T1 and T2 microbes), each plot contained equal number of
germinated chickpea seeds.

2.4 Soil sampling and analysis

2.4.1. Soil physico-chemical properties, soil essential nutrients and soil enzyme study

Five soil sub-samples were collected from chickpea plant rhizosphere area of each plot of the experiment
field and mixed together to form a composite soil and it considered as one sample from each replicated plot
of field. After collecting the soil immediate put in the sterilised plastic bag in ice box. The pot soils were
collected in same process only single pot soil collected as single replication. Soil physicochemical property like
pH (Jackson, 1958), electrical conductance (EC) (Chopra and Kanwar, 1982), organic carbon (OC) (Walkley
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and Black, 1934); organic matter (OM) were measured. The soil essential nutrient like available N (Subbiah
and Asija, 1956); available P (Olsen et al., 1954) and available K (Hanway and Heidel 1952), important
soil enzyme activity like dehydrogenase (Casida et al. 1964); urease (Kandeler and Gerber 1988); alkaline
phosphatase (Eiazi and Tabatabai 1977) and Beta-glucosidase (Eivazi and Tabatabai, 1988), were measured
from the soil sample that were collected from the experimental field and pot during flowering time.

2.5 Plant growth and yield for sustainable agriculture

Plant growth-related data from each treatment plot were recorded at the regular time interval. For plant
growth measurement, 10 randomly selected plants from each treatment and control plot were selected (from
15 days after sowing) and aboveground shoot, branching, number of flower parameter were observed and
recorded. After the grain yield the matured plants were cut just above the root collar the shoot length, fresh
and oven dried shoot weight per plant and per plot were recorded. For grain yield, total mature plants in each
plot were cut and harvested and grains separated from plant to measure the weight. Total cleaned chickpea
seeds were measured for seed yield/plot and, and take 10 plants grain that were previously selected to measure
the yield/plant. Same procedure followed for pot experiments for grain and plant growth measurements.

2.6 Statistical analysis

All experiment were conducted in triplicates, and the results were prepared as the mean± standard deviation
(SD) of different independent replicates by using Analysis of variance (ANOVA) followed by the Duncan post
hoc tests (SPSS software version 16.0). The values of P [?] 0.05 were considered as statistically significant.

3. Result

3.1. Response of endophytic microbial inoculum on soil physico-chemical properties

From the previous experimental result and compatibility test, we have selected two seed endophytic bacteria
for preparing the consortia (T3). These are Enterobacter hormaechei BHUJPCS-15 (Accession number
MN078052) (T1) and Enterobacter cloacae BHUJPCS-21 (Accession number MN078055) (T2). We have
found that microbial consortia have the ability to produce IAA (61.04 μg/ml), ammonia (105.45 μg/ml),
siderophore (18.06) and solubilize essential nutrient like phosphate (871.14 μg/ml) and potassium, and showed
antagonistic activity against chickpea pathogen Fusarium sp. in-vitro condition(Table. 1) . After showing
positive result in PGP biochemical activity we set an experiment for chickpea growth promotion with the
use of these two seed endophytes and its consortia. Experiment was done in pot and field condition to check
microbial effect on soil health and yield (Fig. 1).

The physiochemical property of experimental soil was checked and recorded, the pH of pot and field soil were
alkaline and the range varied from 7.09 to 8.08 and 8.01 to 8.52 respectively, there was no significant change
in pH of pot and field trial. Other physiochemical property such as EC ranged from 15.04 to 19.12 (us/cm)
and 25.00 to 28.14 (us/cm) in pot and field soil respectively, and the significant change was showed in all three
treatment Control (T0)>E cloacae BHUJPCS-21 (T2)> E hormaecheiBHUJPCS-15 (T1)> Consortia (T3)
in compare with untreated control both in pot and field in same manner (Table: 2).Organic matter (OM)
and organic carbon (OC) also recorded and the rage was varied from 1.86 to 2.18 and 1.07 to1.32 respectively
in pot soil and the significant increase in % OM and % OC was observed in Control > E cloacae BHUJPCS-
21 > E hormaechei BHUJPCS-15 > Consortia order, and % OM and % OC was recorded 1.28 to 1.87 and
25.00 to 28.14 in experimental field in Control> E hormaechei BHUJPCS-15>E cloacae BHUJPCS-21>
Consortia and Control> E cloacae BHUJPCS-21> E hormaechei BHUJPCS-15> Consortia respectively

(Table: 2).

Soil essential nutrient such as available N, P and K were significantly increased in microbial seed treated pot
and field soil in comparison with the untreated control soil. In case of the pot soil the amount of available
nitrogen (AN) varied from 38.12 kg/ha to 49.47 kg/ha, and all the treatments showed significant increase
compared with untreated control pot, where the consortia treatment showed maximum amount of AN (49.47
kg/ha) followed by E. cloacae BHUJPCS-21 (44.74 kg/ha),E. hormaechei BHUJPCS-15 (42.17 kg/ha) and
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control (38.12 kg/ha). Available phosphate (AP) was significantly increased in consortia (25.41 kg/ha)
followed by the E. hormaechei BHUJPCS-15 (22.14 kg/ha) andE. cloacae BHUJPCS-21 (20.47 kg/ha) in
compare with untreated control (19.98 kg/ha) soil. Available potassium (AK) also significantly increased in
consortia (43.01 kg/ha) than E. cloacaeBHUJPCS-21(41.84 kg/ha) and E. hormaechei BHUJPCS-15 (36.14
kg/ha) in comparison with control (30.35 kg/ha) soil. On the other hand the available N, P, K of the
experimental field also recorded and observed that the all treatments showed significant increase in the AN
observed in consortia (49.47 kg/ha) followed by E. cloacaeBHUJPCS-21(44.74 kg/ha) and E. hormaechei
BHUJPCS-15 (42.17 kg/ha) in comparison with the untreated control (38.12 kg/ha) site. Consortia treated
plot recorded highest amount of AP (25.41 kg/ha) followed by E. hormaechei BHUJPCS-15 (22.14 kg/ha),
E. cloacae BHUJPCS-21 (20.47 kg/ha) and control (19.98 kg/ha), all three treated site showed significant
increase in AP in compare with untreated control plot. Available K (AK) observation showed that the
maximum AK was found in consortia (43.01 kg/ha), E. cloacae BHUJPCS-21 (41.84 kg/ha), E. hormaechei
BHUJPCS-15 (30.35 kg/ha) and all three treatments were significantly increased than control plot

(Figure. 2 and 3).

A significant increase in soil essential enzymes were observed in all three treatment both in pot and field
experiment. We observed that highest DHA, urease, alkaline phosphatase, and β-glucosidase enzymes activity
was observed in consortia (71%, 64%, 37% and 72%) followed by E. cloacae BHUJPCS-21 (61%, 51%, 31%,
and 62%) andE. hormaechei BHUJPCS-15 (50%, 24%, 28%, and 52%) than control treatments in pot trial.
Similar types of results were observed in field soil during field soil enzymes activity study, all four soil enzyme
activity increased in consortia (64%, 82%, 29%, 78%)> E. cloacae BHUJPCS-21 (36%, 34%, 23%, 39%)>
E. hormaechei BHUJPCS-15 (29%, 55%, 22%, 54%) than the untreated control plot. Conclusively, our
field and pot study revealed the impact of seed endophytic bacterial culture to the adaptive agro-practices
on several soil biochemical characteristics and puts forward the relative valuable and relationships between
microbial consortia with the soil parameters that responded significantly to increase soil fertility and soil
health (Fig. 4, 5).

From this study, maximum plant length after one month of germination was recorded as Consortia> E.
cloacaeBHUJPCS-21> E. hormaechei BHUJPCS-15> control, and the data showed that length increased
was maximum both in pot and field experiment in consortia (35% and 28%) followed byE. cloacae BHUJPCS-
21 (19% and 8%) and E. hormaecheiBHUJPCS-15 (17% and 25%) in compare with the control plant. Where
the average plant dry weight was increase in consortia (36% and 66%) followed by E. cloacae BHUJPCS-
21 (14% and 62%) and E. hormaechei BHUJPCS-15 (10% and 45%). The plant dry weight per plot was
increased in same manner both in the pot and field i.e. consortia> E. cloacae BHUJPCS-21>E. hormaechei
BHUJPCS-15> control. Maximum increase in yield was recorded and found that average seed weight/
plant was in consortia (52% and 54%) followed by E. hormaechei BHUJPCS-15 (35% and 38%), E. cloacae
BHUJPCS-21 (30% and 28%), and the seed weight/ plot was significantly increased in consortia (45% and
73%) > E. hormaechei BHUJPCS-15 (27% and 57%)> E. cloacae BHUJPCS-21 (24% and 42%) than control
plant respectively both in pot and field. Pigment of plant such as chlorophyll a, b and total chlorophyll was
also increased in consortia> E. cloacae BHUJPCS-21>E. hormaechei BHUJPCS-15> control both in pot
and field (Fig. 6 to 9).

4. Discussion

Till now most studies have focussed on the PGPR on soil and plant performance (Berg and Zachow,
2011). As far as we know, there have been no such studies in the field of the chickpea seed endophytic
bacterial interactive effects on the soil health as well as plant productivity. Our previous research studies
showed the effect of chickpea seed bacterial endophytes on plant defence and plant growth in lab condition
(Mukherjee et al., 2020b). The results of our present study revealed the effects of endophytes both on the
plant growth and yield as well as in soil nutrients and health (Table. 2; Fig. 1 to 5). Among all the soil
chemical property, soil pH did not show any significant change in our experiment both in pot and field
condition, as the soil are slightly alkaline and didn’t show any significant effect on the yield. But other
biochemical properties of soils like EC, OC and OM were significantly increased in all three treatments in

5



P
os

te
d

on
A

u
th

or
ea

8
M

ar
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

51
81

12
.2

60
81

98
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

consortia> E. cloacae BHUJPCS-21>E. hormaechei BHUJPCS-15> control order. This result indicates
that the microbial consortia along with the microbe help to induce the soil quality through the change of
EC, OC and OM, as these are important indicators of soil health and crop productivity. Where the electrical
conductivity (EC) is an important physicochemical property directly linked with the concentration of soil
ions, from the experimental data we can hypothesize that our microbial strains have the potential property
to improve the EC of soil. OM is also an important factor for soil health and plant productivity and it helps
to improve the soil water holding capacity, serve as raw source of soil and plant nutrients. Data also indicates
that the seed endophytes application increase the nutrient availability (Available N, P and K) in experimental
soil both in the pot and field condition. Soil nutrient is an essential property for the crop production. Thus
N, P, K are also very crucial elements for several enzymes, proteins, hormones, amino acids and building
block of genetic materials both in plants and microbes ( Maathuis 2009; Krouk et al., 2010, Mukherjee et al.,
2019). During our experiment we observed that the consortia treatment showed highly significant response
followed by E. cloacae BHUJPCS-21 and E. hormaechei BHUJPCS-15 under both pot and field conditions.
Similar response was supported by Raklami et al., (2019) during soil analyses of microbial consortia treated
experiment. We have observed a linear correlation with the increased plant dry weight and length, seeds
production, pigments synthesis in microbial consortia treatments with increase in available soil N, P, K
content. We have also observed increase in essential soil enzyme like alkaline phosphatase, urease, beta
glycosidase and dehydrogenase (DHA) upon application of seed endophytic microbes and its consortia. The
soil enzymes are known to be a function of microbial activity and our results clearly showed increase in soil
enzyme that were directly linked that our microbial culture have some effect on the soil enzyme activity.
Same result was observed by Guo et al., (2019) and showed that the application of microbes in soil enzymes
in can increase the soil enzymes activity than the untreated soil. Increase in the plant health in terms of
growth, dry weight, height and yield supported that the endophytic bacterial consortia helps to increase
the crop health and productivity (Yadav et al., 2017). Increase in the crops’ productivity and soil health
in the terms of essential enzymes and nutrients (Available N, P and K) was due to the fact that microbes
are known to be functional as community in the soil ecology. It explains that high number of different
property containing strains in microbial consortia led to the better alternative in terms of plant biomass,
shoot length and crop productivity. To best of our knowledge this is the first-time report of chickpea seed
endophytic microbial consortia for improving the soil health and increasing the crop productivity. Similar
types of studies were done in tomato plant by the use of microbial consortia by Akintokun et al., (2016).
Malik and Sindhu (2011) used another microbial consortium (Pseudomonas sp. and Mesorhizobium sp.) to
increase the plant growth. Several different research works have been reported on the application of double
microbial consortia in different plants to check the growth and yield of different plants such as potato (B.
cereus , B. subtilis , Azotobacter ), brinjal (Azospirillum , Azotobacter ) and Radish (B. subtilis and P.
fluorescens ) (Singh et al., 2013; Sood and Sharma2001; Patel et al., 2011; Mohamed and Gomaa 2012).

Increase in productivity is further supported by our finding of higher level of photosynthetic pigments such
as chlorophyll a, b and total chlorophyll in the consortia treated test plants as compared with control. In the
consortia treatments the chlorophyll contains in terms of chl a, chl b, total chlorophyll in chickpea both in
pot trial and field trial significantly increased than the untreated control plants followed by other treatments.
Eleiwa et al. (2012) showed similar results in wheat plant in field trial on the application of B. polymyx
andA.brasilinseas which dramatically increase the amount of chlorophyll a, b and carotenoids in treated
plants. The photosynthetic activity is directly proportional to the enhanced productivity (Mbarki et al.,
2018), the pigments help to accumulate more energy and also helps in higher photosynthate assimilation in
plants.

Some other previous reports have suggested the effect of PGPR using single-strain inoculations (Lucy et
al., 2004), but the microbial consortia also showed more beneficial effects than single strain (Ryu et al.,
2007). Seed endophytic microbial consortium possibly mimics the natural soil environmental conditions
where the important soil microbial community can leave. Hence, in the present study enhanced soil nutrient,
other physiochemical content and growth and yield of chickpea plant in the endophytic microbial consortium
treatment could be an attribute to the natural and synergistic environmental effects of the two-chickpea seed
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endophytic bacteria.

5. Conclusions

The seed endophytic bacterial strains (E. hormaechei BHUJPCS-15 and E. cloacae BHUJPCS-21) and its
consortia have the potentiality to improve the soil health and yield of chickpea crops. This research work is a
preliminary study on chickpea seed endophytes as plant growth promoting agent in pot and field conditions.
Overall, we have provided an empirical evidence for the presence of chickpea seed endophytic microbiome
and demonstrated that these microbes and its consortia have a number of plants growth and soil health
and fertility inducing traits and it support the theory of the co-evolution of host and its core microbiota.
These two isolates were seed endophytes and upon re-introduction with its host seed enhanced its growth
and soil health to helpful for soil conservation by re-charging of this indigenous strain. This microbial seed
endophytic consortium is an environment friendly, economically viable and socially acceptable that means
complete fulfil the sustainable development goal. This current research study advocates that the use of seed
endophytic microbial consortia to improve nutrient content in soil, which also enhances plant health and
yield. We demonstrated that a useful seed endophytic microbial consortium can increase the physiochemical
property, nutritive value of soil rhizosphere of plants whose intake or consumption could be an effective way
to improve the plant yield.
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List of figures:

Fig.1. Pictures highlights the details of the experimental sites (Pot and field), test crop (Chickpea/ Cicer
arietinum L. variety P-362) grown with the inoculation of chickpea seed endophytes, plants were grown on the
field at Ratanpur (Babatpur) and on pot trial was conducted at experimental field of institute of environment
and sustainable development, Banaras Hindu University district Varanasi, of Uttar Pradesh, India. A-
Control (Without inoculation/ treatment), B- T1 (Enterobacter hormaechei BHUJPCS-15 treatment), C-
T2 (Enterobacter cloacae BHUJPCS-21 treatment) and D- T3 contain consortia of T1 and T2 organism
treatment.

Fig. 2: Measurement of available soil essential nutrients (N, P and K) in pot experiment of chickpea
rhizosphere soil (Data are the mean value of different treatments, and the letter a-c showed the level of
significant).

Fig. 3: Measurement of available soil essential nutrients (N, P and K) in field experiment of chickpea
rhizosphere soil (Data are the mean value of different treatments, and the letter a-c showed the level of
significant).

Fig. 4: Measurement the % of soil essential enzymes activity increased in pot experiment of chickpea
rhizosphere soil then the untreated control.

Fig. 5: Measurement the % of soil essential enzymes activity increased in field experiment of chickpea
rhizosphere soil then the untreated control.

Fig. 6. Diagrammatic presentation of the effect of seed endophytes and its consortia on plant growth and
crop production in the pot trial.

Fig: 7. Diagrammatic presentation of the effect of seed endophytes and its consortia on plant growth and
crop production in field trial.

Fig: 8. Measurement of the plant pigment (chlorophyll a, b and total chlorophyll) in the pot experiment.

Fig: 9. Measurement of the plant pigment (chlorophyll a, b and total chlorophyll) in the field experiment.

Table 1: Microbial plant growth promoting biochemical activity (T1 and T2 microbial biochemical test was
conducted previously Mukherjee et al., (2020b); and T3 biochemical test for this experiment purpose.

Treatment
IAA (72
hrs) μg/ml

P- solubil-
isation (7
day)
μg/ml

Protease
activity

Siderophore
(%)

Potassium
solubilisation

Antagonistic
effect
against
Fusarium
sp. Cellulase

Ammonia
Produc-
tion
(72hrs)
μg/ml

Catalase
activity

T1 58.91

±0.77b
997.00±17.85
c

- 3.86±0.59a ++ - - 96.11±1.13a +

T2 55.49
±0.17a

787.00±15.04a- 16.01±0.3b - +++ - 100.39±0.75b+

T3 (T1
+ T2)

61.04
±0.87c

871.14±10.77b- 18.06±0.77c ++ +++ - 105.45±2.01c +
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*Note T1 = Enterobacter hormaechei BHUJPCS-15(MN078052), T2=Enterobacter cloacae BHUJPCS-21
(NMN078055), and T3= consortia of T1 and T2 (Data Values are the mean ±SD, mean values in the
each columns with the same superscript do not differ significantly by the Duncan multiple post hoc test (P
[?]0.05).

Table 2: Pot and field soil physiochemical property

Treatments Pot
trial pH EC (us/cm) % OC % OM

T0 8.05 ±0.20a 15.04 ±0.51a 1.07 ±0.74 a 1.86 ±0.21a

T1 7.90 ±0.14a 18.14 ±0.40bc 1.26 ±0.35 b 2.18 ±0.34 b

T2 8.08 ±0.54a 17.41 ±0.04b 1.11 ±0.12 a 1.93 ±0.14a

T3 8.01 ±0.71a 19.12 ±0.14c 1.32 ±0.22b 2.10 ±0.35b

Field trial Field trial Field trial Field trial Field trial
T0 8.52 ±0.40a 25.00 ±0.20a 0.74±0.01a 1.28±0.01a

T1 8.01 ±0.20a 27.41±1.20bc 0.85±0.02b 1.48±0.20b

T2 8.11 ±0.10a 26.01±0.90b 0.78±0.01a 1.35±0.04b

T3 8.02 ±0.20a 28.14±0.80c 0.94±0.01c 1.87±0.06c

# Note EC= electrical conductivity, OC= Organic carbon; OM= Organic matter, T0 – Control, T1 -
Enterobacter hormaechei BHUJPCS-15, T2- Enterobacter cloacae BHUJPCS-21, T3 - consortia of T1 and
T2. Data Values are the mean ±SD, mean values in the each columns with the same superscript do not differ
significantly by the Duncan multiple post hoc test (P [?]0.05).
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