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Chickpea (Cicer arietinum L.) is the world’s third most vital food legume after beans and peas in production level. Yet, its
productivity in the last decade has been declined, and it has been contended that the usual native soil rhizobial populations are
insufficient/ineffective in N2-fixation. Rhizobium inoculation of the seed may substitute costly N-fertilizers and provide a
useful way of achieving sustainable production. Hence, to supply an adequate rhizobial population in the rhizosphere, seed
inoculation of chickpea with an effective and importunate rhizobial strain is essential in soils having no/feeble bacterial
existence and has revealed optimistic effect on nodule number and mass, growth, yield, and its attributes over uninoculated
ones. Its effect has been influenced by N content and P-deficiency of soil, rhizobium strain, variety, T°, pH, salinity, and
moisture stress. Phosphorus (P) demand is high in chickpeas, and P deficiency also has a negative effect on chickpea production
success. Several research results revealed significant effects of P rate (30–200 kg P2O5 ha−1) on nodule number, mass, and rating
plant−1; LAI, RGR, DM, plant height, and branches plant−1; pods and grains plant−1, grain and biomass yields, 100-grain
weight, and HI compared to the control. P rates response has been affected bymoisture level, pH, available P and N, and variety.
Particularly, joint use of P rate and rhizobium inoculation on chickpea has been stated to improve nodulation, growth, and
yield and soil fertility. Various studies on the integrated use of P rate and rhizobium inoculation under varying situations
showed enhanced nodulation, growth, and yield over the P rate or rhizobium inoculation alone. )is might be attributed to
adequate P supply and improved utilization with the provision of suitable N2-fixing bacteria for enhanced nodulation and
adequate N supply.

1. Introduction

Chickpea (Cicer arietinum L.) is one of the cool season crops
and has most likely been originated in the area of present-
day southeastern Turkey and adjacent Syria [1]. )e culti-
vated chickpea is among the first grain legumes that have
been domesticated in the Old World [2]. It has been one of
the most important legume crops in the Mediterranean
Basin and Turkey for human nutrition for centuries [3].
Nowadays, chickpea is widely being produced by small-
holders in Mediterranean and semiarid climates, but in
Africa, it is mainly limited to the cool highlands of Ethiopia

[4]. Its ability to acquire maturity in 3–6 months under
diverse agroecological conditions is demonstrated to have
the wider adaptability to various climates [5]. Chickpea is
moderately drought tolerant, partially because it may extract
water from deep layers of soil profiles through its prolif-
erating rooting habits, and is well adapted to other envi-
ronmental stresses such as high temperatures and soils of
low fertility [6].

Chickpea is the world’s third most significant food le-
gume after beans and peas on the basis of production level.
)e top five chickpea producing countries in the world
during 2017 were India (9,075,000 t), Australia (2,004,000 t),
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Myanmar (526,772 t), Ethiopia (473,570 t), and Turkey
(470,000 t) [7]. It has numerous roles in traditional farming
system. It is a significant source of human food and animal
feed, and it is a source of cash income for farmers in de-
veloping countries [8]. Chickpea seeds contain 20.6% pro-
tein, 61.2% carbohydrate, and 2.2% fat [9, 10], and hence, it is
a good source of relatively cheap energy, protein, and po-
tentially health-beneficial phytochemicals [11]. Additionally,
it provides oil, significant quantities of vitamins (A, B, and
C), and minerals (Fe, P, and Ca) for human nutrition [12].
)e crop further plays a vital function in the sustaining of
soil fertility [13, 14], primarily in dry and rain-fed areas
through N2-fixation, and, as a rotation crop, allowing the
diversification of agricultural production systems [6, 15],
and solubilisation of unavailable soil phosphorus [16] that
may be useful to other crops in the system. Moreover,
chickpea has been widely used as green manure.

)e average global productivity of chickpea is 1.80 t ha−1,
whereas it is 1.46 t ha−1 in West and South Asia. In other
developing countries like Turkey, Myanmar, Ethiopia, and
Mexico, the yield level surpasses 1.80 t ha−1.)e yield reports
are above 2.00 t ha−1 in Yemen and Russia. Besides, similar
or relatively higher yields have been found in most devel-
oped countries [17]. )e productivity is, thus, far below the
potential yield of 4.5 t ha−1 [18]. )is yield gap of chickpea is
due to inappropriate water use, N2, and P deficiencies [19].
Proper application of plant nutrition is one of the crucial
management factors used to achieve higher productivity of
crops [20]. P is the second most essential macronutrient
needed for grain legumes like chickpea, next to N2 [21], and
it has significant effects on growth and yield performance
[22]. It is required for efficient and early root development
[23], N2-fixation (enhanced nodulation) [24, 25], increased
leaf size and branching [26], photosynthesis process [27],
constituents of ATP and ADP [28], flowering, seed for-
mation [28], grain yield [29], increased resistance to plant
diseases [30], and hastening crop maturity [22]. However, P
has most frequently been identified as a deficient nutrient in
most soils especially in the tropics [31, 32], and it makes the
situation most serious since the P necessity of legumes is
greater as compared to cereals [33]. Hence, the use of an
optimum rate of P fertilizer and improved P use efficiency
have a major effect on enhancing the growth and produc-
tivity of legume crops such as chickpea [34]. )e effect of P
fertilizer rates on the growth and yield of chickpea has
sufficiently been documented in various chickpea producing
areas [35–38].

Mineral fertilizers are applied to the soil to supplement
or replace biological functions, which are regarded as in-
sufficient or inefficient for attaining the desired levels of
production [39, 40]. Currently, above 48% of more than 7
billion peoples of the world are living because of boosted
crop production made possible by using nitrogenous fer-
tilizer (N-fertilizer) [41]. Nevertheless, with fertilizers being
chemicals, they may definitely disturb the normal func-
tioning of soil and could further affect the output of other
ecological services [40, 42]. Besides, the use of high rate
N-fertilizer is among the factors causing an adverse situation
of water pollution and eutrophication of lakes, as well as

rivers [43]. N2-fixation by legumes (BNF) is an appropriate
alternative and has become the second most important
biochemical process on Earth next to photosynthesis [44]
and provides N to achieve the N needs of both legumes and
the subsequent crops [45]. It is the biochemical process in
which rhizobia bacterial symbionts of legumes fix atmo-
spheric N2 into plant available form via nitrogenase enzyme
activity [46]. BNF is cost-effective, eco-friendly, and re-
newable source of plant nutrition [47]. N2-fixation helps
reduce the necessity for mineral fertilizers and diminish its
hostile consequences on the environment [48]. In improving
sustainable agricultural practices, N2-fixation by legumes
has an immense effect in lessening environmental pollution
and worsening of nature [49–51]. Amongst all the N2-fixing
microorganisms, the symbiotic association between legumes
and rhizobia is responsible for the largest contribution of
fixed N to farming systems [52]. When effectively nodulated,
legumes can fix about 60–80% of their N requirements [53].
Different legumes can obtain varying amounts of N via
symbiotic association with bacteria [54], for example, faba
bean and soybean fix about comparable quantities of N up to
(200) followed by cow pea (125), peas and lentils (85),
chickpea and common bean (50), and groundnut (48)
kgNha−1 [55–58]. )e efficiency of legumes to fix N2 bio-
logically is influenced by various factors including soil
moisture, temperature, available soil nutrients, biotic and
abiotic stresses, and the existence of efficient, competitive
rhizobia strains, cropping systems, and field management
practices [59–61].

Like other legumes, chickpea can obtain a significant
fraction (4–85%) of its N requirement through its highly
specific symbiotic association with effective and compatible
rhizobium strains [62], which is vital for the formation of
nodules and N2-fixation. )e rest of N is obtained from soil
inorganic N, mineralized organic matter, and residual N
from the previous crop, and/or fertilizer applications
[63, 64]. Various research findings indicate a varying
amounts of N fixed through the symbiotic association of
chickpea and Rhizobium leguminosarum subsp. ciceri in a
season, i.e., up to 140 [65], 176 [66], 100 [67], 25–30 [68],
and 26–40 kgNha−1 [56]. )e effectiveness of N2-fixation is
influenced by cultural practices [62, 69] and environment
[60] depending on factors such as soil pH, soil moisture,
organic matter, native strains, and soil temperature [70, 71].
However, it has been reported that chickpea has lower
performance than other grain legumes in relation to N2-
fixation [72], especially where native rhizobial populations
are low or ineffective [73]. )erefore, inoculation of legumes
in general and chickpea in particular with selected rhizo-
bium bacteria strains is indispensable, while there is a lack of
compatible rhizobium or where native rhizobial populations
are low or incompetent for improved N2-fixation (and hence
growth and yield) [74]. In this aspect, rhizobium inoculation
of seed may replace costly N fertilizers, and it is typically a
more efficient agronomic operation to ensure sufficient N
nutrition of chickpea than the use of N fertilizer [68].
Different research works have confirmed the effects of
rhizobium inoculation of seeds on nodulation, growth, yield,
and its attributes of chickpea [62, 69]. Conversely, the
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process of N2-fixation is largely sensitive to the deficiency of
P, via its influence on the growth and survival of rhizobia,
nodule formation, nodule functioning, and growth of the
host plants [22, 75]. Although there are various studies in
relation to the effects of separate/integrated use of P rate and
rhizobium inoculation on nodulation, growth, and yield of
chickpea [32, 76], there has not been a review about such
research findings; hence, considering its significance, the aim
of this paper is to review the effect of P rates and rhizobium
inoculation on nodulation, growth, and yield of chickpea.

2. Effect of Rhizobium Inoculation on
Nodulation, Growth, and Yield
Performance of Chickpea

Some microorganisms are capable of forming a close
relationship with plants that can be either harmful or
valuable to the plants. Rhizobia are the sole type of
bacterial symbionts of legumes that fix free atmospheric
N2 [77]. Of the N2-fixing bacteria, symbiotic associations
of legumes and rhizobia accounted for the largest pro-
vision of fixed N in farming systems [52]. Additionally, it
has been studied that rhizobial strains improve plant
growth via other means like phosphate solubilisation
ability in some legumes [16] and reduction of plant
ethylene quantities using ACC deaminase activity [78].
Nevertheless, among the legumes, chickpea production
during the last decade has been declined, and it has been
contended that the usual indigenous soil rhizobial pop-
ulations are insufficient and ineffective in biological N2-
fixation [73]. Hence, to make sure of an adequate rhi-
zobial population in the rhizosphere, seed inoculation
with an effective and importunate rhizobial strain for
legumes like chickpea is essential in soils having no or
feeble bacterial existence [79]. )is helps in improving
nodulation, N2-fixation, growth, and yield [80]. In this
regard, rhizobium inoculation of chickpea seeds may
substitute costly N-fertilizers and has been stated to be
useful [81]. Depending on the availability of a suitable
amount, the mineral N content of a given soil can have
both beneficial and detrimental consequences on the
growth and yield response of chickpeas for inoculation .
Usually, a higher mineral N content in the rhizosphere
results in poor N2-fixation with inhibition of nodulation
of chickpea [82], possibly by reducing the nitrogenase
activity [83] and/or lessening the flavonoids and iso-
flavonoids in roots of the plant toward the soils [84].
Brockwell et al. [85] confirmed that nodulation has been
decreased at high N rates irrespective of levels of inoc-
ulation. Similar findings have been signified in chickpea
[86] and beans [87]. Furthermore, various study results
revealed the reduction in nodule formation (nodule
number and dry weight) with increased application rates
of inorganic N to inoculated chickpea [82, 83]. Con-
versely, small amounts of N in soil or fertilizers fre-
quently have a stimulatory result on nodulation and N2-
fixation that is chiefly due to the positive effect of N on
plant establishment and growth during root emergence

and the onset of active N2-fixation [88]. )us, it has been
indicated that low rates of N fertilizer coupled with in-
oculation with chosen rhizobial strains can stimulate N2-
fixation, plant growth, and grain yield [83].

Globally, many research findings revealed the optimistic
effect of rhizobium inoculation on nodulation, growth, and
yield performance in chickpea [48, 89, 90] that could be as-
cribed to boosted root surface and enhanced nutrient ac-
quirement [91], enhanced growth and development of the
organs of photosynthesis and the level of assimilates accretion
[92], alongwith the synthesizing of diverse phytohormones like
indole acetic acid (IAA) [93]. Aslam et al. [94] reported that
chickpea inoculation with rhizobium strains had a pronounced
effect on nodule mass, as well as root fresh weight compared to
uninoculated treatment.)ehighest (0.40 g) and lowest (0.10 g)
nodule mass plant−1 were obtained from a mixture of )al-8
and TAL-620 and uninoculated treatments, respectively.
Moreover, the highest (88.57 g) and lowest (56.31 g) root fresh
weight plant−1 were recorded in a mixture of )al-8 and TAL-
620 and the uninoculated treatments, consecutively. Moreover,
a research finding by Khaitov et al. [14] signified that inocu-
lation of chickpea plants with strains of rhizobium sp. R4, R6,
and R9 significantly increased shoot dry matter, root dry
matter, and nodule number by 17, 12, and 20% above the
uninoculated plants, serially. Shoot length, root length, shoot
dry weight, and root dry weight of inoculated plants increased
by 52, 43, 36, and 64%, in that order, compared to the un-
inoculated plants. Inoculation significantly increased pod
number (28%) and yield (55%) over uninoculated plants. )e
growth potential of chickpea has been revealed to be relying
upon the rhizobia relationship and plant genotype that jointly
persuades the symbiotic ability [95]. A two-year study result
indicated that grain yield and its attributes of chickpea were
significantly affected by rhizobium inoculation in both years
except harvest index and biological yield of the first year.
Inoculation increased plant height (3.32%), first pod height
(7.25%), branches plant−1 (4.08%), pods plant−1 (6.90%), grains
plant−1 (6.40), and grain yield (6.30%) over the control [10]. It
has been reported that increased nodulation due to rhizobium
inoculation resulted in higher N2-fixation and ultimately
resulted in higher pod number plant−1, which offered higher
grain yields as a whole [8].

In the study conducted by Gul et al. [96], chickpea
germplasms were typed for nodulation and evaluated against
seed inoculation with rhizobium for number of nodules and
grain yield plant−1, and as a result, was observed 43 geno-
types showed nodulation and 4 genotypes failed to produce
nodules.)e inoculated genotypes significantly exceeded the
control in terms of nodule number (10.86 and 7.86) and
grain yield (15.10 and 10.00 g) plant−1, respectively. Simi-
larly, Ogola [97] reported that the number and dry weight of
nodules plant−1 were greater with inoculation compared to
the control. Amongst the inoculated treatments, genotype
ICCV-5103 produced greater number and dry weight of
nodules plant−1 (3 and 0.0045 g), over genotype ICCV-7116
(2 and 0.0025 g). Nodules plant−1 indicated in such study
was greatly lower than previous research findings [48, 69],
and it has been suggested that the lower nodule number
might be ascribed partially to low soil pH [70] and moisture
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stress [98]. It has been disclosed that the growth and yield
potential of chickpea depend upon the rhizobia association
and plant genotype, which jointly affect the symbiotic
success [95, 99]. Nishita and Joshi [100] executed a pot trial
to look at the growth and yield response of chickpea to
rhizobium inoculation and showed that inoculated plants
gave significantly higher nodule number and weight, root
length and weight, shoot length and weight, seed, and bi-
ological yields compared to uninoculated plants. Further-
more, Meleta and Abera [32] observed that all the
nodulation parameters, except nodule color, were signifi-
cantly affected by rhizobium inoculation. Inoculation with
EAL 029 significantly increased nodulation rate (10.81%),
nodule dry weight (4.94%), and nodules plant−1 (7.19%)
against uninoculated plants. )is substantial rise in nodu-
lation attributes of inoculated plants might be because of the
inoculated bacteria strains that had good nodulation in-
ducing capacity over the native soil rhizobium population
[101]. In other research findings, it has been specified that
the higher nodulation due to inoculation resulted in higher
N2-fixation and eventually produced higher pods plant−1,
which resulted in higher grain yield [102]. )ere have been
various research reports demonstrating the positive effect of
inoculation on nodulation, growth, and yield contrary to
uninoculated plants in chickpea [48, 90]. However, non-
significant variations were observed between rhizobium
inoculated and control for plant height, crop biomass, and
grain yield and harvest index [97].

A study indicated that rhizobium inoculation had a sig-
nificant effect on grain yield, and maximum (1.44 t ha−1) and
minimum (1.15 t ha−1) yields were obtained from the rhizobium
inoculated and uninoculation treatments, serially (i.e., there was
an increase of 0.29 t ha−1 when seed pelleted with rhizobium)
[86].However, other trials on inoculation of chickpea varieties
disclosed that inoculated plants had significantly higher nodule
number (26.70%) and weight (27.07%), stover (16.94%), and
grain (15.50%) yield over uninoculated plants. Variety of BARI
Chola-3 produced the highest nodule number (42.60) and
weight (0.29 g), and stover yield (2.42 t ha−1), while the highest
grain yield was obtained from BARI Chola-4 (1.35 t ha-1). )e
disparity of varieties for such attributes may result from the
variation in genetic makeup and inherited characters among
varieties [103]. A similar study showed a significant increase in
nodulation (17.50%), plant height (4.00%), pods plant−1
(9.33%), and grain yield (7.50%) due to bacterial inoculation.
)e advanced line D-06052 had the highest grain yield
(2.89 t ha−1) due to bacterial inoculation over the other ad-
vanced lines and the local cultivar. It was concluded that
bacterial inoculation positively influenced the grain yield and its
attributes and has been recommended for better chickpea yield
[90]. Furthermore, significant disparity was found in nodule dry
weight depending upon inoculants and cultivars [104]. A re-
search result indicated that the seeds treated with rhizobium
produced maximum nodules plant−1 (75.00), grains pod−1

(3.00), pods plant−1 (49.00), 100-grains weight (24.74 g), and
biological (5.17 t ha−1) and grain (1.44 t ha−1) yields compared to
uninoculated seeds [48].

A study performed in 2008 showed that rhizobium in-
oculation significantly increased nodules plant−1

(1075.49%), nodules weight plant−1 (1217.04%), primary
branches plant−1 (8.50%), secondary branches plant−1
(14.70%), total pods plant−1 (8.00%), filled pods (6.94%),
unfilled pods (6.08%), grains plant−1 (27.87%), and grain
(7.01%) and biological (7.28%) yields over uninoculated
plants [105]. It has been reported that bacterial inoculation
increased the nodulation, and thus, yield increased due to
the improved availability of N [90, 106]. An analogous
finding indicated that rhizobium inoculation enhanced grain
yield and its components except 100-grain weight under
both normal irrigation and water-stressed conditions, but its
performance was better under normal irrigation than water
stress [107]. It has been suggested that it may be attributed to
the fact that water stress has a decreasing effect on N2-
fixation, growth, and yield [98, 108]. It is sufficiently re-
ported that, in chickpea under drought stress, yield re-
duction is a result of the adverse effect of water deficit on
nodule function and symbiotic N2-fixation. On the contrary,
the precise means accounting for the drought-provoked
inhibition of symbiotic N2-fixation has continued to be
mostly unrevealed [109]. Yet, in water-stress situation, it has
also been confirmed that inoculation achieved superior
performance than control [110]. Moreover, various studies
have revealed that salinity and drought stress led to a sig-
nificant decrease in plant biomass accumulation (root and
shoots), nodule development, and nitrogenase activity, as
well as strongly reduced yield of chickpea [111, 112]. It has
been found that there was a detrimental result of low (4.5)
plus high (8.0) soil pH and temperature on rhizobial pop-
ulation in the soil [113]. It has been divulged that the salt
tolerance capabilities of rhizobia could have a significant
result on the thriving rhizobium-legume relationships in
stress stipulations [15]. Symbiotic N2-fixation is dominated
by a nitrogenase multifaceted that brings about the ATP-
reliant reduction of N2 to ammonium [114]. )is enzyme
complex has been anticipated as the chief intention being
pretentious by a range of stresses, such as drought [115, 116],
salinity [117], and P-deficiency [118]; such stresses may
cause lessening in symbiotic N2-fixation and eventually a
decrease in the yield performance of legume crops.

3. Effect of P Application Rate on Nodulation,
Growth, and Yield Performance of Chickpea

Phosphorus (P) is a primary nutrient essential for plant
growth and development, regulation of different enzymatic
activities, and a constituent for energy transformation [119],
whereas P deficient soil and low availability inflict major
limitations on the vegetative, as well as reproductive growth
and development of crops [120]. In legumes, in particular,
there is a strong association between the P rate and the
symbiotic mechanism and growth [121]. N2-fixation, nod-
ulation, and specific nodule activity are closely associated
with the P level and its availability in the soil [122]. Con-
versely, like in other crops, deficiency of P in soil (partic-
ularly in tropical soils) has an adverse impact on legumes in
general, and chickpea production in special, as it is needed
for energy transformation in nodules and improved N2-
fixation, growth, yield, and quality [25, 38], and it causes
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substantial economic losses [123]. P restriction directly re-
duces photosynthesis by means of its negative effects on
vegetative crop growth of leaf area development, and
photosynthetic capability unit−1 leaf area [124]. )e demand
for P in chickpea is relatively in large amount for growth and
has been revealed to improve leaf area, biomass, yield,
number and mass of nodule [125]. Several studies have
signified the important role of P in the growth and pro-
duction of chickpea [22, 48, 126].

As for the P application rates, 45 kg P2O5 ha−1 in
chickpeas produced 24.2% more nodules plant−1 than the
control, but it was found to be statistically on par with 30 kg
P2O5 ha−1 [127]. In an experiment, it was observed that all
nodulation parameters excluding the nodule color of
chickpea were significantly affected by P rate, and the
maximum values were recorded at 45 and 60 kg P2O5 ha−1.
Nodule rating and dry weight plant−1 increased at 60 (47.50
and 6.44%) and 45 (52.30 and 6.60%) kg P2O5 ha−1, re-
spectively, relative to the control treatment [32]. In a trial
comprising five rates of P, Idris et al. [128] indicated that an
increased P application level considerably enhanced both the
number and dry weight of nodules in chickpea. )e other
research results indicated that the application of 46 kg P ha−1

increased nodule number and dry weight plant−1of chickpea
by 157 and 114% over the control treatment, respectively
[129]. In chickpea, adequate P supply is essential for
establishing successful symbiosis with N2-fixing rhizobac-
teria, and it excites nodulation, early root development,
plant growth, and grain yield [38, 122]. On the contrary, it
has been disclosed that though P application rates improved
dry matter and grain yields of lentil in a single responsive
location in Saskatchewan, N2-fixation was not influenced
[130]. )e authors figured out that lentil was more affectable
by P application than rhizobia, even though others have
indicated that legume response to P can be ascribed to
greater N2-fixing activity [131]. It has been revealed that
P2O5 level of 60 kg ha−1 showed a positive effect on the
relative growth rate (RGR), dry matter accumulation (DM),
nodulation, yield, and harvest index (HI) of chickpea [132].
A trial on bean plants showed a significant disparity among
P application rates (0, 10, 20, and 30 kg P ha−1) for nodu-
lation, growth, and yield attributes, where 20 kg P ha−1

resulted in a 36 and 143% increase in plant growth and grain
yield, respectively, compared to 0 kg P ha−1 [133]. It has been
disclosed in numerous research findings that an adequate
rate of P is crucial for chickpea, as it is desired for energy
transformation in nodules and improved N2-fixation, im-
proved growth, yield, and quality [25, 36, 38, 48]. However, it
is frequently a major limiting nutrient in most of the tropical
soils. Hence, the application of an optimum dose of P
fertilizer and improved P use efficiency has a significant
effect on improving the growth and productivity of legume
crops like chickpea [22, 34].

A field trial signified that P levels significantly affected
plant height, branches, and pods plant−1, and highest plant
height (39.25 cm), branches plant−1 (9.37), and pods plant−1
(49.00) were recorded in 60 kg P2O5 ha−1, whereas the lowest
plant height (32.50 cm), branches plant−1 (6.75), and pods
plant−1 (30.75) were obtained from the control [134].

Moinuddin et al. [92] indicated that P application rates had a
significant effect on the growth attributes of chickpea, where
progressive use of P enhanced the plant fresh and dry weight
gradually, with P at 60 kg ha−1 provided the best. For the rest
of the growth attributes, P at 30 and 60 kg ha−1had statis-
tically equal values. However, P of 30 and 60 kg ha−1 proved
invariably better than P at 0 kg ha−1 for all growth param-
eters. A study revealed that yield attributes of chickpea cv.
Anuradha were significantly influenced by P rate. P appli-
cation of 60 kg ha−1 resulted in significantly higher grain
yield (2.74 t ha−1) mainly due to the significantly higher
primary branches plant−1 (8.10), pods plant−1 (33.60), and
100-grain weight (13.10 g). It improved the grain yield by
6.80% over P at 30 kg ha−1 and 53.90% over the control [135].
Adequate P supply hastens root growth, cell division, and the
progress of new tissues [22], and hence growth and yield
[25, 38, 48]; possibly there has been an improved parti-
tioning of biomass to the formation of pods and grain yield,
owing to the enhanced development of the number of
primary branches with the application of P fertilizer [136].
)ere have also been various research findings, which in-
dicated significantly increased grain yield and its attributes
of chickpea with an increase in P doses up to 60 kg ha−1

[36, 48, 137]. It has been disclosed that P improved the
photosynthetic efficiency and increased branches and pods
plant−1, thus giving rise to increased yield of plants [138].

On the contrary, the trial signified that total biomass and
grain yields of chickpea were significantly influenced by P
levels, and the average maximum total biomass (4.05 t ha−1)
and grain (2.11 t ha−1) yields were observed at 90 kg P2O5
ha−1, whereas the average lowest total biomass (2.54 t ha−1)
and grain (1.34 t ha−1) yields were recorded in the control [94].
It could result from a plenty supply of P that, in turn, im-
proved the carboxylation efficiency and boosted the ribulose-
1-5-diphosphate carboxylase activity, contributing to en-
hanced photosynthetic rate, growth and yield [139]. More-
over, it has been revealed that P levels had a significant effect
on plant height, branch and pod number, root and shoot dry
weight, nodule number, grain, and biomass yields of lentil in a
two-year trial. )ere has been a linear increase in root dry
weight and nodule number up to 90 kgP2O5 ha−1, Whereas
plant height, branch and pod number, shoot dry weight,
grain, and biomass yields increased up to 60 kgP2O5 ha−1 and
then decreased at 90 kg P2O5 ha−1 [140]. Furthermore, Sri-
nivasarao et al. [141] signified that the response of black gram
to P application rates in different parts of India varies from 60
to 90 kgP2O5 ha−1. In conformity to this result, Gulpadiya and
Chhonkar [142], Neenu et al. [36], and Pingoliya et al. [143]
reported that higher grain yield and yield attributes were
recorded with P level of 60 to 90 kgP2O5 ha−1 for chickpea. It
has been suggested that if the accessible P status in the soil is
low to medium, the response of green gram to applied P was
found up to 40 kg P2O5 ha−1 while it was only 20 kg P2O5 ha−1

P in soil testing having high level of available P [144]. Hence,
the application of the optimum dose of P fertilizer has a major
influence on improving the growth and productivity of le-
gume crops including chickpea [34, 145].

A study illustrated that P levels resulted in a significant
increase in growth and yield attributes of chickpea. Higher
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plant height (102.40 cm), branches plant−1 (31.10), and grain
yield (1.06 t ha−1) were recorded in higher rate of P over the
control, whereas increasing the P level from 50 to 75 kg P2O5
ha−1 did not show any significant effect on branches plant−1
[26]. Likewise, field studies were conducted at various lo-
cations in Saskatchewan to examine chickpea response to
starter N (0, 15, 30, and 45 kgNha−1) and P rates (0, 20, and
40 kg P2O5 ha−1) using desi cv. Myles and Kabuli cv. Sanford
and look at that 40 kg P2O5 ha−1 enhanced chickpea vege-
tative growth, although only desi grain yield was significantly
enhanced (0.12 t ha−1) [62]. )e authors suggested that the
increase in chickpea yield due to P application apparently
was due to a direct plant growth response and was not
attributable to a rhizobial response, as they did not detect
any notable enrichment of N2-fixation related to P rates.
Significant increases in nodulation with P fertilizer rates
have repeatedly been revealed as there is minute soil P
availablity [146, 147]. A trial performed by Rehan et al. [48]
indicated that plots treated with 90 kg P ha−1 provided
higher nodules plant−1 (74.00), plant height (82.60 cm), pods
plant−1 (50.00), and biological yield (5.18 t ha−1), which were
statistically alike with 60 kg P ha−1 (5.17 t ha−1). Significantly
higher grains pod−1 (1.70), 100-grain weight (24.86 g), and
grain yield (1.45 t ha−1) were recorded in plots treated with
60 kg P ha−1. In line with this finding, an experiment showed
a substantial effect of P rate on growth and yield parameters
except plant height and grains pod−1. Maximum and
minimum (branches, shoot dry matter, pods, and grains)
plant−1 and grain and above ground biomass yields were
recorded in 45 and 0 kg P2O5 ha−1, respectively [32]. P is one
of the essential nutrients required in large amounts by le-
gumes in general, and chickpea in special, for proper growth
and development [120, 145] and yield [25, 38, 145].

A two-year trial showed a significantly higher grain
yield of chickpea (40–70%) with P rates only in the summer
sowing. Application of 45 and 90 kg P ha−1 increased grain
yield by 378 (40.0%) and 650 (69.5%) kg ha−1, sequentially
against the control [148]. )e increase in grain yield with P
rate has been associated with greater crop biomass and 100-
grain weight at 45 and 90 kg P ha−1. )e lack of response of
grain yield to P rates in winter sowing was attributed to the
limited moisture received during the crop growth period.
Water deficit has been indicated to limit P response and
crop growth [149, 150]. )us, application of proper P
fertilizer rate may increase grain yield and, hence, the
productivity of chickpea in a given site as long as water is
not limited [151]. Likewise, a study on response to P and
Mo fertilization under irrigated conditions in chickpea
revealed that the P rate increased stem and grain yield.
P2O5 of 160 and 200 kg ha−1 had 5.91 (stem dry matter) and
2.71 t ha−1 (grain) yield, consecutively [126]. Such grain
yield was considered high against other countries, such as
India, Pakistan, and Ethiopia with mean yield of 0.91, 0.47,
and 1.91 t ha−1, sequentially [152, 153]. )e variation in
yield level may be due to agroecological differences
[154, 155] and/or cultivar dissimilarity of chickpea [36],
especially in terms of use efficiency for P [36, 156]. )e
authors concluded that the area where the research was
performed had high yield potential for irrigated chickpeas.

)e optimum P rate (200 kg ha−1) for chickpea found in
such study was as well considered high as compared to
other research findings [32, 48]. A field trial executed
during 2011/12 to examine the effect of P levels on growth
and grain yield of chickpea varieties revealed that the
highest pods plant−1 (44.50), pod length (1.38 cm), grains
plant−1 (49.33), 100-grain weight (41.58 g), and grain yield
(1.69 t ha−1) were obtained from 55 kg P ha−1; however,
least values were recorded in the control. D.G-92 (variety)
showed its ascendancy with pods plant−1 (42.88), grains
plant−1 (47.66), pod length (1.31 cm), 100-grain weight
(40.79 g), and grain yield (1.56 t ha−1) over D.G-89. Hence,
it was concluded that the highest P (55 kg ha−1) contributed
a maximum grain yield, while DG-92 showed its superi-
ority over D.G-89 for all growth and yield traits [156]. A
number of research findings have also revealed the varying
yield performance of chickpea cultivars [36, 156–158].

4. Effect of P Application Rate and Rhizobium
Inoculation on Nodulation, Growth, and
Yield Performance of Chickpea

)e proper P application and rhizobium inoculation are
imperative to the fertility of soil due to their potential for
excellent N2-fixation through rising nodulation in legumes
[48, 50, 120]. Moreover, P level combined with rhizobium
inoculation has been stated to raise nitrogenase activity,
plant growth, grain yield of nodulated legume crops, and soil
fertility [48, 159, 160]. )e majority of tropical soil is par-
ticularly deficient in available P and in terms of appropriate
and effective strains that are capable of fixing atmospheric
N2, and hence, there is a need to identify an appropriate
rhizobium strain that may enhance the N2-fixation attributes
and yield of chickpea under different P levels [32, 161]. A
number of trials have been conducted to evaluate the
combined effect of P application rate and rhizobium inoc-
ulation under varying situations, and beneficial effects have
been obtained [32, 159, 161, 162].

It has been reported that boosted P rates along with
rhizobium increased nodules plant−1 by 31.2% over rhizo-
bium alone [159]. Similarly, a field trial on the growth and
yield response of chickpea to rhizobium strains ()al-8,
TAL-620, and their mixture (1 :1)) under P levels (0, 60, 90
and 120 kg P2O5 ha−1) proved that the mixture of both
strains gave the most promising results and significantly
increased nodulation, growth, and yield even with
60 kg P2O5 ha−1 while increasing the P dose decreased the
yield [94]. It may be attributed to the improved utilization of
applied nutrients with the supply of appropriate N2-fixing
bacteria in the root zone. )is further signified the associ-
ation of rhizobium strains gained more nodules via mod-
erate P application (60 kg P2O5 ha−1) over the single strain
inoculated plants with the same dose of P probably occurred
due to poor efficiency of individual rhizobium. It has been
revealed that higher nitrate reductase activity along with
leghaemoglobin content was obtained from rhizobium in-
oculation combined with P over rhizobium alone [92]. )e
enrichment in leghaemoglobin content and nitrogenase
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activity of nodules by applied P could be ascribed to plentiful
nodulation leading to increased N2-fixation. Whereas an-
other study examined that there was a significant disparity
among P levels for nodules number, the highest (24.30),
which was statistically at par with the nodule number
recorded in 90 kg P2O5 ha−1 (23.40), whereas, the lowest
(14.80) nodules number were obtained from 120 to 0 kg P2O5
ha−1, successively, but the interactions between inoculated
seed and P levels were nonsignificant [163]. Besides, several
studies revealed improved morphological growth resulting
from inoculation and/or P because of increased N supply via
BNF and through application of P [162, 164, 165]. It was
observed that inoculation and P rates had a highly re-
markable interaction effect on leaf area index (LAI); the
highest (4.16) was observed under inoculated
seeds + 90 kg P2O5 ha−1 that was statistically at par with
inoculated seeds + 120 kg P2O5 ha−1 (4.08), whereas the
lowest (1.91) was attained in uninoculated seed + 0 kg P2O5
ha−1 [163]. An increase in LAI could be attributed to an
enhanced effect of inoculation and P use on the leaf area of
the crop plant. Moreover, a positive and remarkable effect of
inoculation and P rate was specified on branch number [166]
and plant height [167] of chickpea.

A research work done to investigate the effects of rhi-
zobium inoculation and P fertilizer rates on growth, yield,
and yield attributes of chickpea showed a significant in-
teraction effect of rhizobium inoculants and P2O5 levels on
nodule number and dry weight, whereas a nonsignificant
influence of treatments was observed for all growth and yield
parameters [32]. Based on Wolde-Meskel et al. [161], in-
oculation improved nodulation, although the number of
nodules varied in various years/locations in chickpea. )e
nodule number of 22–48 plant−1 was recorded in the rhi-
zobium inoculated and combined use of P rate and rhizo-
bium inoculation treatments, whereas this varied from 6 to
21 in noninoculated plots (control). )e authors stated that
the various responses to P rates and inoculation across
varied years/locations or individual fields are due to vari-
ations in soil properties. N2-fixation by rhizobia is known to
be affected by soil characteristics such as pH [70] and
mineral N content [86]; however, the effectiveness of P
fertilizer application may be diminished by soil acidity [168].
Moreover, Singh et al. [76] signified that inoculation and P
rates significantly improved nodulation, growth, and yield of
chickpea compared to the control, whereas a more out-
standing improvement was observed with combined use of
inoculation and P. Inoculation, P, and their combined ap-
plication increased grain yield of chickpea by 26, 19, and
33%, consecutively, over the control. It has also been dis-
closed that the rise in yield of treatments provided with
inoculation and higher P application rates was due to an
increase in yield attributes of the crop of these plots [169].
)is could further the result of improved growth and de-
velopment of plants due to adequate P supply and its positive
effect on N2-fixation. )e subsequent increased N avail-
ability may perhaps have enhanced the provision of as-
similates to seed, thereby allowing them to achieve more
weight. However, a two-year trial (2014–2016) showed that
coapplication of P and rhizobia did not result in a significant

increase in the number of active nodules in bean plants
during both seasons [170].

A study carried out during 2015/16 to look at the ef-
fectiveness of rhizobial inoculants (EAL 018 and EAL 029)
and P rates (0, 15, 30, 45, and 60 kg P2O5 ha−1) on two
chickpea varieties (Arerti and Habru) revealed that a sig-
nificant interaction effect of rhizobium inoculants and P
levels was reported in nodule rate. Maximum (8.04 g)
nodulation rate plant−1 was recorded in variety Arerti under
EAL 029 + 45 kg P2O5 ha−1 followed by the same variety
treated with EAL 018 + 30 kg P2O5 ha−1 [32]. )is could be
due to improved nodulation and healthy root system
resulting from an adequate P supply and effective rhizobium
colonization in the root zone for successful N2-fixation. )e
authors suggested that Arerti inoculated with EAL
029 + 45 kg P2O5 ha−1 to be suitable for chickpea production
in the study area and the use of P2O5 with rhizobium in-
oculation as a nutrient management strategy could increase
chickpea production. A trial was conducted on-station to
scrutinize the growth, nodulation, and yield responses of
groundnut varieties (Obolo, Oboshie, and Samnut 22) to
rhizobium inoculation (BR 3267 and USDA 3456) and P
levels (0, 15, and 30 kg P ha−1) indicated that coupled use of
30 kg P ha−1 and BR 3267 increased nodule numbers in
Obolo (144%), Oboshie (188%), and Samnut 22 (56%) and
pod yield (64–68%) over the control [171]. Application of
rhizobium inoculants assists in increasing the nodules
plant−1 which successively contributes to adequate N supply
via effective N2-fixation with the addition of P fertilizer and
ultimately gives rise to boost growth and yield [172]. In
conformity to the above findings, the research work exe-
cuted by Mmbaga et al. [173] divulged that legumes inoc-
ulated with rhizobium in addition to P fertilizer responded
differently regarding growth, yield, and N2-fixation.

In a trial executed to evaluate the effect of P levels (30, 60,
and 90 kg ha−1), rhizobium inoculation (inoculated and
uninoculated seeds), and residue types (cereal, legumes, and
oilseeds) on chickpea productivity revealed that the highest
(1.55 and 5.36 t ha−1) grain and biological yields were ob-
tained under inoculated seeds + 60 kg P ha−1, whereas the
lowest (1.22 and 4.88 t ha−1) grain and biological yields were
recorded in uninoculated seeds + 30 kg P ha−1 [48]. Besides, a
different study on the interaction between seed inoculation
and P levels showed considerable variation among treat-
ments for yield and its attributes. Highest (3.09 and
7.50 t ha−1) and lowest (1.60 and 4.34 t ha−1) grain and bi-
ological yields were recorded in inoculated
seeds + 90 kg P2O5 ha−1 and uninoculated seeds + 0 kg P2O5
ha−1, respectively. )e lowest yield in the control was due to
low plant height, less yield, and its attributes [163]. Wolde-
Meskel et al. [161] studied the responses of chickpea to
inoculation (I) and P rates (P) from extensive trials on
smallholder farmers’ fields over four regions of Ethiopia and
revealed that increased grain yields were due to I and P+ I
and were obvious for 99% of selected farmers. Nearly, I and P
increased grain yield by 21 and 25%, serially; yet the
combined use of I and P provided a 38% increase over the
control plots. However, recorded grain yields on control
plots and responses to the treatments on single farms varied

International Journal of Agronomy 7



markedly. )is may have resulted from the optimistic effects
of P on the course of N2-fixation, where the boosted supply
of N by means of inoculation contributed to enhanced plant
growth that ultimately leads to P insufficiency. It has been
concluded by other authors that the integrated use of P and
rhizobium inoculation boosted nitrogenase activity, growth,
and grain yield along with improved soil fertility for sus-
tained agricultural production [162, 174].

A study demonstrated that the use of 60 kg P ha−1,
20 kg S ha−1 and seed inoculation with PSB+ rhizobium
considerably increased growth, dry weight, nodules plant−1,
and grain and straw yields of chickpea over the uninoculated
ones [76]. )e use of optimum fertilizer rate and bio-
fertilizers could enhance the growth and yield performance
of the crop. A two-year trial on growth, symbiotic, and grain
yield response of bean plants to rhizobial inoculation (un-
inoculated, inoculated with strain HB-429 or GT-9) and P
levels (0, 10, 20, and 30 kg P ha−1) revealed that the inter-
action of rhizobium and P was significant for shoot dry
matter and grain yield. Greater shoot biomass was found in
inoculated plants over uninoculated ones in 0, 10, and
30 kg P ha−1 in both years. At 20 kg P ha−1, the shoot biomass
produced by uninoculated and strain GT-9 inoculated plants
were similar in both years, but lower than those of strain HB-
429 perhaps resulting from the variation in efficiency of the
distinct rhizobium strains [133]. A study conducted during
2015/2016 in a greenhouse to evaluate the effect of rhizo-
bium inoculation and couple of P and N rates on the growth
and yield of groundnut showed that the highest plant height
(75.00 cm), branches plant−1 (21.30), nodules plant−1

(45.00), pods plant−1 (18.30), pod yield (2.66 t ha−1), and
100-grain weight (39.20 g) were observed in rhizobium in-
oculated treatments under the recommended P and N rates
[175]. )e authors cautiously concluded that groundnut
seeds inoculated with rhizobium and fertilized at 82 kg P2O5
ha−1 and 27 kgNha−1, during the growth stage, showed
improved growth and yield and its attributes. In line with the
above findings, it has been disclosed that N application as a
starter dosage along with P and seed inoculation has a useful
effect on the yield of chickpea [176]. It was reported that dual
use of P at 45 kg ha−1 plus rhizobium inoculants improved
nodulation by 56% and recorded significantly higher grain
yields in soybean. )is work further confirmed that the
coupled application of P at 45 kg ha−1 and rhizobium in-
oculants was more cost-effective than the use of only
45 kg P ha−1 [177]. Several research findings have well
demonstrated the significant effect of P rates integrated with
rhizobium inoculation on nodulation, growth, and yield
performance of legume crops such as lentil [163], field pea
[140], soybean [178], and beans [133, 170].

5. Conclusion

Chickpea is among the most significant food legumes that
are used as a source of food and feed, cash income for
farmers, and in sustaining soil fertility. However, its pro-
ductivity has been declined probably due to P-deficiency and
the usual native soil rhizobial populations are insufficient/
ineffective in N2-fixation. To supply adequate rhizobial

population in the rhizosphere, seed inoculation with an
effective and importunate rhizobial strain is essential for
chickpea in soils having no/feeble bacterial existence. In this
regard, rhizobium inoculation of the seed may substitute
costly N-fertilizers and is a useful way of achieving sus-
tainable production. Moreover, chickpea has high demand
for P for effective N2-fixation, growth, and yield. Hence, the
objective of this paper is to review the effect of P rate and
rhizobium inoculation on nodulation, growth and yield
performance of chickpea. Various research reports showed
an optimistic effect of rhizobium inoculation on nodulation
(nodule number and mass), growth, yield, and its compo-
nents of chickpea over uninoculated ones; this has been
influenced by mineral N content and P-deficiency of soil,
rhizobium strain, variety, pH, salinity, and moisture stress.
Several findings revealed that P rates (30-200 kg P2O5 ha−1)
had significant effects on N2-fixation (nodule number, mass,
and rating plant−1), growth (LA, RGR, DM, plant height, and
branches plant−1) and yield and its attributes (pods and
grains plant−1, grain and BM yields, 100-grain weight and
HI) compared to the control. P rate response of chickpea has
been affected by moisture level, pH, availability of P and N,
and variety. Particularly, a joint use of P rate and rhizobium
inoculation on chickpea has been stated to improve nod-
ulation, growth, and yield and soil fertility. Various studies
on the integrated use of P rate and rhizobium inoculation
under varied situations showed substantial effects (enhanced
nodulation, growth, yield, and its attributes) over the sep-
arate use of P rate or rhizobium inoculation. )is might be
attributed to adequate P supply and its optimistic effects on
the process of N2-fixation (nodulation), successful coloni-
zation of the root surface by effective rhizobial strains
(increased N supply), and growth and development con-
tributing to increased yield. Hence, it has been suggested that
the use of P (P2O5) along with rhizobium inoculation could
be used as a nutrient management strategy for increased and
sustained chickpea production.
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trogen and phosphorus availability limit N2 fixation in
bean,” New Phytologist, vol. 147, no. 2, pp. 337–346, 2000.

[147] C. Tang, P. Hinsinger, B. T. Jaillard, Z. Rengel, and
J.-J. Drevon, “Effect of phosphorus deficiency on the growth,
symbiotic N2 fixation and proton release by two bean
(Phaseolus vulgaris) genotypes,” Agronomie, vol. 21, no. 6-7,
pp. 683–689, 2001.

[148] T. Madzivhandila, J. Ogola, and J. Odhiambo, “Growth and
yield response of four chickpea cultivars to phosphorus
fertilizer rates,” Journal of Food, Agriculture and Environ-
ment, vol. 10, no. 3-4, pp. 451–455, 2012.

[149] B. K. Garg, “Nutrient uptake and management under
drought: nutrient-moisture interaction,” Current Agricul-
ture, vol. 27, no. 1-2, pp. 1–8, 2003.

[150] P. Tittonell, S. Zingore, M. T. van Wijk, M. Corbeels, and
K. E. Giller, “Nutrient use efficiencies and crop responses to
N, P and manure applications in Zimbabwean soils: ex-
ploring management strategies across soil fertility gradients,”
Field Crops Research, vol. 100, no. 1–3, pp. 348–368, 2007.

[151] B. T. Bicer, “)e effect of phosphorus doses on chickpea
cultivars under rainfall conditions,” Cercetări Agronomice În
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