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ABSTRACT

Chickpea is an important nodules producing pulse crop of Thal. To enhance nitrogen fixation
for higher yield, the effect of bacterial strains on nodulation was evaluated for yield contributing
traits of chickpea at Arid Zone Research Institute, Bhakkar, Pakistan during 2019-20. Six
Rhizobium inoculations i.e. Providencia vermicola, Enterobacter cloacae, Bacillus mojavensis,
Mesorhizobium ciceri-11, Mesorhizobium ciceri-1 and Bacillus subtilis were tested on two
chickpea genotypes i.e. Bhakkar-2011 and Thal-2020. A consortium of six bacterial strains was
applied at the time of sowing as a seed coating on a sandy soil. Results showed a significant
increase in height/plant, nodulation, 100 grain weight, pods/plantand grain yield (kg/ha) due to
bacterial inoculation. Nodules/plant were also increased from 44.08 to 76.16. Maximum number
of nodules plant’ were counted as 76.16 with 2.59 g fresh and 0.64 g dry weight per plant in
treatment combination viz. Thal-2020 x RP+RS, +RZ,, thus showing the specific symbiotic
relationship among the genotypes and Rhizobium inoculum. In comparison to the control, the
PSB, nitrogen-fixing bacteria and rhizobium inoculum results were 52% increased in pods/ plant.
The maximum number of pods/plant (116.00) and100 grain weight (27.73 g) were recorded in V,
x T, (RP,+RS,,+ RZ,,). The weight of 100 grains was increased by 40% over the control. T, had
the highest 100 grain weight of 27.73 g, followed by V1 x T, with a 100 grain weight of 26.22 g.
PSB, nitrogen fixation bacteria and PSB inoculation substantially improved pulse crop 100 grain
weight and yield. Thal-2020 had the highest grain yield of 3732 kg/ha, while V2 (Bhakkar-2011)
had the lowest at 3516 kg/ha. Inoculation with rhizobium consortium improved grain yield by
30% (2617 to 3732 kg/ha). Hence, it was concluded that among all the treatments of Rhizobium
consortium, N-fixing bacteria and PSB influenced a beneficial effect on chickpea grain yield
quality and quantity.
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INTRODUCTION

can be also increased by the application of organic,

Chickpea (Cicer arrentinum L.) is important pulse
crop of Pakistan thal area which usually got low yield
due to various reasons. Seed quality, sowing times,
weeds, diseases and pests are some major factors
which contributes to low yield (Akhtar amd Siddiqui,
2009). Soil is generally lacking nitrogen, which is
very most important element in protein synthesis
and metabolism of plants. Yield of chickpea can be
significantly improved by using seed of resistant
varieties to diseases, balanced fertilizer, and good
agronomic practices and efficient bacteria used as
bio fertilizer (Chen et al., 2018). Production of crop

chemical and biological fertilizer (Oliveira et al., 2017;
Tang et al., 2020). During 2019-2020, it was cultivated
on an area of 940 thousands hectare with a total
production 545 thousand tons. Nutritionally, it is an
important source of protein (16-20%) in vegetarian
diet. It is also anironic source of vitamins fat, minerals,
carbohydrates, total dietary fiber and trace elements.
It also plays a vital role in human diet (Kantar et al.,
2010). Chickpea has another beneficial attributes to fix
atmospheric nitrogen (N) in symbiotic relationship to
rhizobia, which contribute directly increases in protein
content, nodulation, and decreases the N fertilizer
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need of subsequent crops. Therefore, chickpea crop
has potential to improve soil contents, it quality and
nitrogen status (Tena et al., 2016; Funga et al., 2016).
60-80% of nitrogen requirement were fix by nodules of
chickpea. Amounting to 60-176 N kg/ha (Endalkachew
et al., 2018). In chickpea, a numbers of researchers
have been reported that rhizobia seed inoculation
increases root & shoot length, primary branches
nodulations, number of pods, and grain yield (Giller
et al., 2013). Of the total world fertilizer used, about
20-30 % of total applied fertilizer is ued by the plants.
Some the varieties have poor nutrient take efficiency.
Due to this about 50 % of applied fertilizer is lost in
the environment (Fageria, 2014). So a phenomena
is must require to minimize these losses. This can
only be possible by using different N and P fixing
microbes. Among the various microbiome (Cordeiro
and Echer, 2020), most of the bacteria known as plant
growth-promoting rizobacteria (PGPR) have positive
interaction with the plant and promote their growth and
survival (Kumar and Dubey, 2020). Rhizobium strains
increases crop growth rate at high rates when used
in combination with phosphorous solubilizing bacteria
(Billah et al., 2019). Due to phosphorous availability the
surface area, volume and root length increases due
to because phosphorous promotes water absorption
from untapped soil surface (Nannipieri et al., 2011).
Phosphate solubilizing microbes releases phosphatase
enzyme which is responsible for P-solublizition from
soil having fixed phosphorous (Kour et al., 2019).
Different bacteria genera are important components
which are involved in various biotic activities to make
soil dynamic for nutrient turn over and sustainable for

Table 1. Bacterial strains

crop production. They stimulate plant growth through
mobilizing nurtients in soil, producing numerous plant
growth regulators, protecting from phyto-pathogens
by improving soil structure by degrading various soil
pollutants and heavy metals (Ahemed et al., 2009;
Ahmed, 2012). Therefore the rhizobacteria are the
dominant deriving forces in recycling the soil nutrients
which are important for the soil fertility (Glick, 2012).
In drought conditions P-fixation occurs due to
phosphatase enzyme inactivity. Thus PGPR contributes
to a massive increase in pulse crop yield (Maliha et al.,
2004). Field trials proved that nearly 50% N fertilizer
saved through rhizobium inoculation with significant
increase in yield and yield traits (Burbano et al., 2015;
Lipa and Janczarek, 2020). Rhizobium consortium
inoculum mainly increased nitrogen fixation, plant
growth and yield traits in gram (Fatima et al., 2008).
The microorganism efficacy also effected by soil type,
source of rhizobia, test crop and as well as quantity of
soil nutrients. Rhizobium inoculation not only increases
the grain yield but also improves quality of the produce
with protein contents, fat, crude fiber, carbohydrates
contents and ash in chickpea (Alishahi et al., 2020).
Therefore, the present study was carried out to sort
out bacterial strains in form of rhizobia consortia on
nodulation and yield contributing traits of chickpea.

MATERIALS AND METHODS

The experiment was carried out in 71.02° longitude
and 31.37° latitude, with in elevation range of 184
meters from the sea level during 2019-2020 at Arid
Zone Research Institute, Bhakkar, Pakistan. Average
temperature during the cropping season generally

Accession No | Strain’s Name Isolation source Functions
MK880587 Enteroabacter cloacae (RP ) Nodules N-fixing
MK880588 Bacillus subtilis (RP,,) Nodules N-fixing
MK880582 Providenciavermicola (RS,;) Rhizoplane soil PSB

MK880584 Bacillus mojavensis (RS,,) Rhizoplane soil PSB

MN601741 Mesorhizobium ciceri-11 (RZ,,) | Rhizospheric soil Growth promoter
MN601357 Mesorhizobium ciceri-1 (RZ,,) Rhizospheric soil Growth promoter

Table 2. Treatments

Sr. No Treatment N-fixing bacteria, PSB and PGPR consortium
1 T,(RP,+RS,,+RZ,) Enteroabacter cloacae + Bacillus mojavensis + Mesorhizobium ciceri-1
2 T,(RP,+RS, +RZ) Bacillus subtilis + Bacillus mojavensis + Mesorhizobium ciceri-1
3 T,(RS,,+ RP +RZ,) Providenciavermicola + Enteroabacter cloacae + Mesorhizobium ciceri-1
4 T,(RS+RP +RZ) Providen ciavermicola + Bacillus subtilis + Mesorhizobium ciceri-1
5 T, (RS, + RP+RZ,) Bacillus mojavensis + Enteroabacter cloacae + Mesorhizobium ciceri-11
6 T, (RS,,+ RP +RZ,,) Bacillus mojavensis + Bacillus subtilis + Mesorhizobium ciceri-11
7 T, (RP,+ RS+ RZ,,) Enteroabacter cloacae + Providenciavermicola + Mesorhizobium ciceri-11
8 T, (RS, ;+ RP,+ RZ,,)) Providencia vermicola + Bacillus subtilis + Mesorhizobium ciceri-11
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remained at 12 °C with 60-70 % relative humidity.
The soil was sandy had 0-30 cm layer consisting of
0.014% nitrogen (N), 166 ppm available potassium (K),
3.34 ppm phosphate (PO4'3)and 0.27% organic matter
with soil pH 8.2.

The chickpea varieties/lines i.e. Thal-2020 (V,),
Bhakkar-2011 (V,) were kept in main plot while six
bacterial strains (Providencia vermicola, Enterobacter
cloacae, Bacillus mojavensis, Mesorhizobium ciceri-11,
Mesorhizobium ciceri-1 and Bacillus subtilis) isolated
from chickpea nodules and soil of Thal Desert (Table
1) were randomly mixed to make eight treatments [T,
(RP08+ RS14+ RZ11)' T2 (RP01+ RS14+ RZ11)' Ts (RS15+
RP08+ RZ11)’ T4 (RS15+ RP01+ RZ11)' Ts (RS14+ RPO8+
Rzzz)’ Te (RS14+ RP01+ Rzzz)’ T7 (RP08+ RS15+ Rzzz)
and T, (RS,;+ RP + RZ,, )] along with control (T).
The experiment was designed in split plot design with
three replication. The sub plot size was 7x 1.2 m each
having 4 rows with 15/30 cm intra/inter row spacing.
Field were prepared by pre sowing irrigation and one
bag of DAP (18% N, 46% P,O,) fertilizer @ 125 kg/ha
was applied at the time of seed bed preparation. Seeds
were inoculated @ 60 g of rhizobium treatment per kg
of seed. The graded seed was sown @ 75 kg/ha with
a single row drill. After sowing crop was inter-cultured
thrice at 35, 45 and 70 days. The sugar solution used
as sticker. Inoculation was carried out under shade
and before planting seed inoculated with consortia

kept for few minutes for air drying. Two irrigations were
applied i.e. at seedling and flowering. Three randomly
selected plants were uprooted carefully, washed and
the number of nodules/plant were recorded on days
45, 90 and 120 DAS (days after sowing) from each
plot. Similarly, grain/pod were counted from randomly
20 selected plants. 100 grain were collected randomly
from every treatment and grain yield was recorded on
plot basis.

STATISTICAL ANALYSIS

To assess the importance of variations between
procedures, data were subjected to analysis of variance
(Steel et al., 1997). For comparing the means of
individual procedures, the Least Significant Difference
(LSD) test was used by using computer based statistical
Microsoft software (Katz, 2010; Minitab, 2013)

RESULTS AND DISCUSSION

Nodules/plant

Data pertaining number of nodules, fresh and dry
weight of nodules plant' is presented in Table 3, 4 and
5, respectively. It was observed difference between
treatments of mean were significant. Nodules amount
ranged from 41.5 to 76.16 per plant while dry weight
of nodules varied from 0.22 to 0.64 g/plant.Maximum
number of nodules/plant were counted as 76.16 with

Table 3. Effect of bacterial inoculation on number of nodules/plant

. . Chickpea genotypes

PSB & Rhizobium inoculum Thal-2020 (V,) Bhakkar-2011 (V) Mean
T, (Control) 44.08 ¢ 415¢c 57.05
T, (RP,+ RS, *+RZ,)) 76.16 a 72.98 a 74.57
T,(RP,+ RS, +RZ,)) 55.99 b 57.00 b 56.50
T.(RS,.+RP_+RZ,)) 63.95 ab 48.19 be 56.07
T,(RS,.+RP_,+RZ,) 56.35b 68.91a 62.63
T, (RS,,+ RP_+RZ,)) 57.96 b 60.50 b 59.23
T.(RS,+RP_+RZ)) 58.25b 66.33 ab 62.29
T, (RP,+ RS+ RZ,) 69.35 ab 4284 c 56.10
T,(RS,.+RP,+RZ,,) 57.50 b 54.43b 55.97

LSD+P Value (Varieties) = 5.28+0.001, LSD,

0.05 0.05

(Rhizobium) = 3.51+0.000, LSD, . (Varieties x Rhizobium) = 4.97+0.002

0.05

Table 4. Effect of bacterial inoculation on number of fresh weight (g) nodules/plant

. . . Chickpea genotypes

PSB & Rhizobium inoculum Thal-2020(V,) g Bhakkar-2011 (V) Mean
T, (Control) 0.88 ¢ 0.60 ¢ 0.74
T,(RP+RS, +RZ)) 2.59 a 2.57 a 2.58
T,(RP,+RS,+RZ)) 1.30b 1.38 b 1.34
T,(RS,.+RP_+RZ)) 0.96 ¢ 145b 1.21

T,(RS,.+RP_+RZ.) 1.23 bc 1.14 c 1.19
T (RS,+RP_+RZ ) 148 b 1.06 c 1.27
T.(RS,+RP_+RZ)) 1.27b 1.21 bc 1.24
T,(RP+ RS, +RZ,) 0.96 ¢ 1.48b 1.22
T,(RS,.+RP_+RZ, ) 1.05 bc 1.78 ab 1.42

LSD+P Value, ,(Cultivars) = 0.22+0.021, LSD

0.05 0.05

(Rhizobium) = 0.34+0.001, LSD

(Cultivars x Rhizobium) = 0.49+0.032

0.05
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Table. 5. Effect of bacterial inoculation on number of dry weight (g) nodules/plant

. . . Chickpea genotypes

PSB & Rhizobium inoculum Thal-2020(V,) gBhakkar-2011 V) Mean
T, (Control) 0.24 c 0.22 ¢ 0.23
T,(RP+RS, +RZ)) 0.64 a 0.55 ab 0.60
T,(RP,+RS, +RZ)) 0.35b 0.38b 0.37
T.(RS, .+ RP_+RZ,)) 0.28 b 0.42b 0.35
T,(RS,.+RP_+RZ,) 0.38 b 0.27 ¢ 0.33
T, (RS,+RP_+RZ, ) 0.37 b 0.43b 0.40
T, (RS,+RP_+RZ ) 0.34 b 0.47 b 0.41
T,(RP,+ RS, +RZ)) 0.39b 0.40b 0.40
T,(RS,.+RP_+RZ, ) 0.42b 0.35b 0.39

LSD+P Value, (Cultivars) = 0.067+0.001, (Rhizobium) = 0.067+0.061,(CultivarsxRhizobium)=0.99+0.000

0.05

Table 6. Effect of rhizobium inoculum on pods/plant

Chickpea genotypes

PSB & Rhizobium inoculum Thal-2020(V.) Bhakkar-2011 (V,) Mean
T, (Control) 83.67 c 82.33¢c 83.00
T, (RP,+ RS, +RZ,) 116.00 a 110.33 a 113.17
T,(RP,+ RS, +RZ,) 96.00 ab 92.67 b 94.34
T,(RS,.+ RP_+RZ ) 105.33 ab 103.00 ab 104.17
T,(RS,.+RP_+RZ,) 98.67 ab 100.67 ab 99.67
T.(RS,+*RP_+RZ,) 100.67 ab 103.00 ab 101.84
T.(RS,+RP_+RZ,) 98.33 ab 99.00 ab 98.67
T, (RP_*+*RS,.+RZ)) 96.33 ab 100.33 ab 98.33
T,(RS,.+RP_+RZ) 104.67 ab 100.22 ab 102.45

LSD+P Valug, (Cultivars) = 3.10+0.000, (Rhizobium) = 1.70+0.005, (Cultivar x rhizobium) = 2.41+0.001

2.59 g fresh and 0.64 g dry weight per plantin treatment
combination V, (Thal-2020) x T, (RP+ RS ,+ RZ )
thus showing the specific symbiotic relationship
among the genotype and rhizobium inoculum. PGPR,
phosphate solubilizing and growth promoting bacteria
showed a good effect with genotype TG1410and gave
maximum increase of 23% in number of nodules/plant.
In comparison to untreated plots, treated plots with
rhizobium inoculum showed similar increases in fresh
and dry weight of nodules/plant, with genotype Thal-
2020 showing the highest increase of 331 percent in
fresh weight of nodules/plant. Nodules count increased
as fresh and dry weight of nodules/plant increased,
suggesting that increased microbial activities increased
N uptake by crop plants and yield. Crop inoculation
increased the amount of nodules/plant, fresh and dry
weight of nodules/plant according to Martins-da-Costa
et al. (2020). Grain inoculation increased the number
of nodules and grain yield, according to Cordeiro
and Echer (2019). Moreover, legumes are seriously
affected by drought for attachment of bacteria to root
hair, nodulation and N fixation. Further studies (Akhtar
and Siddiqui, 2009) showed involvement of Glomus,
Pseudomonas putida, P. alcaligenes, P. aeruginosa,
A. awamori and Rhizobium sp. were noted for growth,
nodule production and in the case of chickpea disease
rot under field conditions. Installation of Rhizobium sp.

resulted in a greater increase in growth and yield than
P. putida, P. aeruginosa or G. intraradices. The number
of nodules in the root system was very high in plants
treated with Rhizobium sp. compared to plants without
Rhizobium sp. The installation of P. caused a similar
decrease in concentration as caused by P putida.
Our results also confirmed by (Korir et al., 2017) in
a comparative analysis of difference between the
combination of rhizobia species and PGPR compared
with a single rhizobia implant in dry root weights.
These results suggest that co-inoculation of PGPR
and Rhizobia has an effect on bean growth. The use
of PGPR may enhance the effectiveness of Rhizobium
bio fertilizers in the production of standard beans.

Pods/plant

In pulse crops, the number of pods per plant is a basic
determinant of yield. Table 6 showed data on the
number of pods produced per plant. Plant/pods ranged
from 82.33 to 116.00. T, (RP,+ RS,,+ RZ ) had the
most pods/plant (116.00), followed by T, (RS, + RP +
RZ,,) with an average of 105.33 pods/plant. A total of
83.67 pods/plant were found in the un-inoculated plot.
Over the control, the PSB, nitrogen-fixing bacteria,
and rhizobium inoculum increase the number of
pods/plant by 52 percent. The number of pods plant
was substantially increased by PSB and rhizobium
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Table 7. 100-Grain weight affected by PSB and rhizobium inoculum

o . Chickpea genotypes
PSB & Rhizobium inoculum Thal-2020(V.) Bhakkar-2011 (V) Mean
Control (T,) 22.89b 23.28 a 23.09
T, (RP*+RS,,+RZ,) 27.73 a 25.51 a 26.62
T,(RP,+RS,,+RZ,) 25.01 ab 24.30 ab 24.70
T,(RS,.+ RP_+RZ,) 26.22 ab 26.95a 26.59
T, (RS, .+ RP_+RZ,)) 24.57 a 24.01 ab 24.29
T.(RS,*RP_+RZ)) 25.45 a 24.99 ab 25.22
T.(RS,+RP_+RZ,) 2453 a 25.38 a 26.95
T, (RP,+ RS, +RZ,) 24.92 a 2448 a 24.70
T,(RS,.+RP_+RZ ) 25.81ab 26.09 a 25.95
Table 8. Beneficial effect Rhizobium inoculum and PSB on grain yield (kg/ha)
o . Chickpea genotypes
PSB & Rhizobium inoculum Thal-2020(V.) gBhakkar-2011 V) Mean
Control (T,) 2617 ¢ 2610 ¢ 2614
T, (RP+ RS, +RZ,) 3732 a 3516 a 3624
T,(RP,+ RS, +RZ,) 3167 b 3088 b 3127
T,(RS,.+ RP_+RZ,) 3607 a 3123b 3365
T,(RS.+RP_+RZ)) 3292 ab 3306 ab 3298
T.(RS,+RP_+RZ)) 3360 ab 3116 b 3233
T.(RS,+RP_+RZ,) 3188 b 3215 ab 3101
T, (RP,+ RS, +RZ,) 3095 b 3125b 3110
T.(RS.+RP_+RZ) 2935b 2986 b 2959

LSD, ,(Cultivars) = 101.05, LSD,  (Rhizobium) = 121.38, LSD,

inoculum. A total of 83.67 pods/plant were found in the
un-inoculated plot. In comparison to the control, the
PSB, nitrogen-fixing bacteria, and rhizobium inoculum
result in a 52 percent increase in pods/plant. PSB and
rhizobium inoculum increased the number of pods/
plant significantly. According to Fatima et al. (2008),
inoculation substantially increased number of pods/
plant and grain yield in chickpea. Seed inoculation
with PSB and growth-promoting bacteria may have
increased the supply of nitrogen and phosphorus to
crop plants, resulting in more pods/plant. According to
Tena et al. (2016), seed inoculation resulted in a rise in
the amount of pods/plant.

100-grain weight

Data in Table 5 showed that 100 grain weight of
chickpea as a feature of genotypes and rhizobium
inoculation increased by treatments application.
Different treatments had a considerable impact on the
100 grain weight. V1 x T, had a maximum 100 grain
weight of 27.73g, compared to 22.89g in V1 x T,. The
weight of 100 grains was increased by 40% over the
control. T, had the highest 100 grain weight of 27.73g,
followed by V1 * T, with a 100 grain weight of 26.22 g,
and control had the lowest 100 grain weight of 22.89g.
PSB, nitrogen fixation bacteria, and PSB inoculation
substantially improved pulse crop 100 grain weight
and yield, according to Tena et al. (2016) which are
in agreement with our findings. Other study (Aamir et

.05 (Cultivars x rhizobium) = 171.66

al., 2013) showed similar findings that a single and
integrated inoculation improved 1000 grain weight and
grain yields by 14 and 30%, respectively, compared to
the unvaccinated controls. In addition, name-cutting,
water-related content (RWC) and total dry (TDM)
are improved in the event of a water intake/implant
plant. Similarly, improved protein content (48%) and
K x N ratio (95%) grains were detected in single and
combined inoculation. Therefore, rhizobium and PGPR
vaccination can be a sustainable way to improve plant
growth. Better crop plant growth and development
due to seed inoculation may have influenced nutrient
supply, resulting in the production of more assimilates
that partitioned more efficiently from source to sink
and, as a result, increased seed weight. The findings
indicate that using different rhizobium strains improves
the efficiency of major nutrients, resulting in increased
grain weight and yield.

Grain yield (kg/ha)

It was revealed that various treatments had a big
impact on chickpea grain yield (Table 8). T, (V1)
had the highest grain yield of 3732 kg/ha, while V2
(Bhakkar-2011) had the lowest at 3516 kg/ha. In
terms of chickpea yield, V1 out performed V2 by
24% on average. It may be due to genotype yield
potential differences. This increase in yield could be
attributed to successful nodulation, which improved the
exploitation of phosphorus and atmospheric nitrogen
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supply, resulting in higher yield. These results are
consistent with those of Cordeiro and Echer (2019),
who found that inoculation increased seed yield by
13%. Our findings are consistent with those of Fatima
et al. (2008), who found that Rhizobium inoculum
application increased growth, yield components, and
nitrogen fixation in general. Endalkachew et al. (2018)
found that using inoculum alone or in combination with
fertilizer increased chickpea grain yield. The current
study suggests that the use of rhizobium inoculum
should be promoted in order to increase chickpea yield.

CONCLUSION

The application of N-fixing bacteria, PSB and a
particular PGPR consortium improved chickpea
grain yield and quality by having a positive impact on
agronomic parameters such as plant height, nodules/
plant, number of pods/plant, 100 grains weight, grain
yield, and grain contents, as shown in the preceding
accounts. For better soil improvement and chickpea
crop production, the use of N-fixing bacteria, PSB,
and the PGPR consortium is recommended. It is
possible that grain consistency, which is a significant
characteristic, can be improved by chickpea inoculation.
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