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Abstract

Effective nodulation and subsequent No-fixation in legumes depends on the quality of inoculum and application
technique. Genotypic variation also exists among crop species regarding response to introduced bacterial strains. A
field study was conducted to explore the efficacy of different rhizobial inoculants. Seeds of two chickpea varieties
belonging to distinct groups, i.e., Desi (Bhakkar-2011) and Kabuli (Noor-2013) were inoculated with "No-
biofertilizer" and "Rhizogold™ while soil application of these inoculants was also tested. Effectiveness of inoculants
and their application methods was assessed as improvement in growth and yield attributes of chickpea. Both seed
and soil inoculation methods significantly improved the yield attributes of chickpea compared to uninoculated
control. It was observed that soil inoculation of both inoculants was better than seed inoculation. Desi chickpea
(Bhakkar-2011) seed inoculated with Rhizogold produced maximum dry matter (826.67 g m™). Rhizobial
inoculation improved chickpea productivity by enhancing nodulation, dry matter, number of branches per plant and
number of pods over uninoculated control. Inoculation with Rhizogold resulted in better utilization of resources that
resulted in higher harvest index (48.64%) with soil application as compared to other treatments. Maximum net
benefits (216438 PKR ha' and 213825 PKR ha) were associated with the soil application of Rhizogold in Kabuli
and Desi chickpea, respectively. It is therefore concluded that soil inoculation with effective rhizobia should be

carried out for successful chickpea production.
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Introduction

Chickpea covers 15% of the world’s pulse production,
and ranks third as major pulse crop after soybean and peas
(FAO, 2016). It is also major winter food legume in
Pakistan grown on 0.93 million ha, representing 76% of
country’s total pulses area with 74% share in total pulses
production (Rani et al., 2014; PARC, 2018). Pakistan’s
share in global chickpea production is 10% (Muehlbauer
and Sarker, 2017). Over years, area and production of
chickpea in Pakistan is fluctuating with a declining trend
observed especially for production and average vyield
(AMIS, 2018). During 2020-21, the production of chickpea
witnessed a decrease of 47% compared to 2019-20
(Government of Pakistan, 2021). Since independence
following partition of subcontinent in 1947, country’s area
under chickpea has increased by 10% till date. However, the
average yield has declined from 0.54 t ha? to 0.34 t ha'
during the same period (AMIS, 2018) owing to the fact that

chickpea is grown on marginal lands under rainfed
conditions with minimal inputs. Average chickpea
productivity in Pakistan is lower than Australia, India,
Syria, Mexico and Turkey (Muehlbauer and Sarker, 2017).
Even under South Asian context, productivity of chickpea in
Pakistan was lower by 36, 40 and 62% as compared to
Bangladesh, India and Myanmar (FAO, 2015). Over years,
the gap between demand and supply of chickpea has
widened and Pakistan is the 4" largest importer of pulses
(FAO, 2016). During 2016-17 cropping season, Pakistan
spent 465 million AU$ on the import of 0.4 million tons of
Australian chickpea (Anonymous, 2018). Such import bill
can be cut short by increasing domestic production of
chickpea and for this geographic range of chickpea needs to
be extended beyond its traditional belt where it is grown on
marginal lands by resource poor farmers with minimal
inputs. Chickpea introduction in irrigated cereal-based
cropping systems will help to break disease and weed cycle,
improve soil health and system productivity. From 1991 to
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2016, numerous high vyielding varieties of chickpea viz.
Noor-91, CM-98, Punjab-2000, Punjab-2008, Bittal-2016,
NIAB CH-2016 have been introduced. Nevertheless, yield
potential of these varieties has seldom been realized
(Government of Pakistan, 2018). Such a yield gap of
chickpea is due to improper agro-technology used by the
farmers. It seems that existing yield gap can be reduced by
adopting advanced production technology package
including the high yielding varieties, weed management,
balanced nutrition and use of inoculum.

Nitrogen (N) is a critical input and studies indicate that
chickpea is able to meet 60-80% of its N requirement
(corresponding to 60-176 kg ha*) via biological N,-fixation
(Giller, 2001; Shiferaw et al., 2004; SPG, 2016). The lack
of compatible rhizobial species in the soil or their low native
population often limits nodulation and subsequent Na-
fixation in chickpea (Kantar et al., 2010; Wolde-meskel et
al., 2018). Inoculation with effective rhizobial strains is
recommended at the time of sowing especially if the native
population of bacteria is less than 50 cells g* soil (Thies et
al., 1991 a & b). Positive effects of rhizobial inoculation on
chickpea productivity are exhibited as increase in biomass,
growth and seed yield (Bhuiyan et al., 2008; Khaitov et al.,
2016; Tena et al., 2016; Wolde-meskel et al., 2018).
Recently, Wolde-meskel et al. (2018) reported a 21%
increase in seed yield of chickpea owing to inoculation in
Ethiopia. However, the outcomes of N.-fixation are difficult
to generalize since there is immense variation regarding
inoculation and nodulation responses owing to prevailing
agro-climatic and ecological conditions (Heerwaarden et al.,
2018). Aspects such as crop genotypes, sources and quality
of inoculum, and their application technique in conjunction
with contrasting soil physico-chemical properties and
management factors could modulate rhizobial inoculation
and overall Np-fixation (Kantar et al., 2007; Tena et al.,
2016). Rhizobial strains also differ significantly regarding
their stress tolerance and nodulation ability in chickpea
(Aynalem et al., 2018).

It has been suggested that chickpea yield can be
significantly improved by growing high yielding chickpea
genotypes in conjunction with effective seed inoculation
(Bhuiyan et al., 2008). Pakistani soils are generally deficit
in N and it is suggested that inoculation is an essential
agronomic input to fulfill N demand especially when
legumes are either not grown or being grown for first time.
The N fixation can be greatly enhanced by appropriate
inoculation treatment (Gul et al., 2014). The previous work
assessing the chickpea performance in terms of growth and
yield to rhizobial inoculation is either restricted to
greenhouse studies or studies undertaken under rain-fed
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conditions. Information regarding application of rhizobial
inoculum to Desi and Kabuli chickpea grown under
irrigated conditions of Pakistan is not readily available. This
study was therefore, designed to compare inoculating
methods and to evaluate genotypic variations for growth and

yield of chickpea in response to rhizobial inoculation.
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Materials and Methods

The proposed study was undertaken at the Research
Farm of MNS-University of Agriculture Multan (Latitude
30.16° N, Longitude 71.45° E, altitude 122 m) during Rabi
2017-18. Agro-metrological data comprising mean minimum
and maximum air temperature (°C), relative humidity (%) and
rainfall (mm) were recorded by Automated Weather Station
(AWS) established at MNS-University of Agriculture Multan
(Figure 1). Samples of experimental soil were undertaken
prior to sowing and immediately after harvest by collecting
composite samples from soil depth of 0-15, and 15-30 cm,
respectively. The soil samples were analyzed for various
parameters (Table 1).

Table 1: Characteristics of experimental site

Pre-Sowing Post-Harvest
Sampling depth (cm)

Characteristic ~ Unit 0-15 15-30 0-15 15-30
Textural class - Loam Loam Loam Loam
ECe dS m? 113 12.8 2.34 2.48
pH - 8.0 8.0 8.0 8.0
oM % 059 059 0.76 0.74
Qf\:g:s?r?(l)?us mgkg? 72 72 880  8.80
puailodle mgkgl 210 210 230 230
Saturation % 36 36 36 38
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Seeds of two chickpea varieties, i.e. Desi (Bhakkar-
2011) and Kabuli (Noor-2013) were inoculated with "Na-
biofertilizer" from Ayub Agricultural Research Institute,
Faisalabad, and "Rhizogold"-a patent biofertilizer of
University of Agriculture, Faisalabad. For rhizobial
inoculation, two-step method was used and firstly, 10%
(w/v) sugar solution was used as a sticking agent and then
rhizobial inoculant (30 g per kg seed) was adhered to the
chickpea seeds to achieve uniform coating. Inoculation was
done under shade and the inoculated seed was air-dried
before planting (Wolde-meskel et al.,, 2018). Soil
application of these inoculants was also done by mixing
respective inoculum (2.5 kg ha) with field soil. Seed was
sown at the rate of 75 kg ha'. Seeds of chickpea were sown
in rows at 40 cm distance using manual drill on November
23, 2017. To avoid risk of cross-contamination,
uninoculated control plots (seeds treated with 2 g
thiophenate methyl kg only) were sown first. The seeds
were treated first with fungicide and then inoculation was
done (Gaur et al., 2010). A basal fertilizer dose of 58 kg
P.Os and 23 kg N ha! was used as diammonium phosphate
(46% P,0s and 18% N). Pre-soaking irrigation (10 cm), and
rainfall (26.60 mm) received during the growing season
were the only source of water available for crop to grow till
maturity. Crop did not show any symptom of water stress,
hence, no subsequent irrigation was given. Weeds were
removed manually when essential, especially after rainfall
to avoid subsequent competitive damage by weeds. Being
located in the traditional cotton belt, insect damage
especially by pod borer was expected in the experimental
plots; therefore, to safeguard crop against pod borer,
lufenuron at 375 g ha' was used at the onset of pod
formation. However, diseases like wilt were not observed in
the experimental plots since seeds were treated with
fungicide. All the other agronomic practices were used as
normal and uniform for all the treatments.

The experiment was replicated thrice as per RCBD
under factorial arrangements. The net plot size was 1.6 m x
7.6 m. Data about agronomic and yield attributes of
chickpea were recorded using standard procedures. Harvest
index was calculated as ratio of economic yield to biological
yield and was expressed as %. For dry matter and crop
growth rate, destructive sampling (1.0 m crop row was
harvested leaving appropriate borders) was done at 20 days
interval starting from 45 days after sowing (DAS). Crop
growth rate (CGR) expressed as increment in dry matter per
unit area per unit time over two fixed time intervals was
calculated as per Hunt (1979). Data were analyzed through
ANOVA technique and differences among the treatments
were tested (p<0.05) using HSD Tukey’s test (Steel et al.,
1997). Economic returns, and benefit cost ratios were

worked out to ascertain the comparative profit of various
treatments, marginal analyses were carried out as per
CIMMYT (1988).
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Figure 2: Influence of chickpea varieties on (A) 100-seed
weight (B) Influence of rhizobial inoculation
treatments on crop dry matter accumulation.
Capped bars show standard errors of three
replicates

Results
Agronomic and yield attributes

Plant height was significantly influenced by inoculation
treatments (Table 2). Maximum height of chickpea plants
was recorded (57.90 and 57.57 cm) in plots where soil
application of both inocula was carried out. Nevertheless,
these plants were statistically at par (55.52 and 55.50 cm)
with plants growing in plots where seed inoculation was
used. However, chickpea height observed under soil
application of rhizobial inoculation was 9% higher as
compared to uninoculated plots. Maximum branches plant*
(5.27) were recorded in plots where seed inoculation was
carried out, nevertheless, these plants were statistically at
par (5.08) with plants growing in plots where no inoculation
was done (Table 2). However, chickpea branches plant?!
observed under soil applications of both rhizobial
inoculations were significantly lower (4.42 and 4.85) as
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compared to the plants growing in non-inoculated plots.
Maximum number of pods plant?® of chickpea (16.52 and
16.02) were recorded in plots where soil application of both
inocula was carried out, nevertheless, these plants were
statistically at par with 14.75 and 14.42 pods plant™* found
in plots where seed inoculation was used (Table 2).
However, pods per plant produced under soil application of
rhizobial inoculation were significantly higher as compared
to the plants growing in uninoculated plots (14.12). Seeds
per pod were not affected by the main effect of tested
factors and their possible interaction. Maximum number of
nodules (13.47) of chickpea plants was recorded in plot
where soil application of Rhizogold was carried out.
Nevertheless, these plants were statistically at par with those
growing in other inoculated plots i.e. seed application of N-
Biofertilizer, seed application of Rhizogold and soil
application of Rhizogold having values 20.43, 21.37 and
21.07 nodules plant?, respectively (Table 2). However,
number of nodules plants? observed under soil application
of rhizobial inoculation was significantly higher as
compared to the plants growing in uninoculated plots.
Maximum 100-seed weight was recorded in plots of Desi
chickpea compared to Kabuli type (Figure 2A).

The interaction between chickpea varieties and
rhizobial inoculation treatments was significant for
biological yield, while the main effect of chickpea varieties
as well as that of rhizobial inoculation treatments were non-
significant (Table 2). Under uninoculated conditions, both
chickpea varieties recorded similar biological yields. Seed
inoculation with N2-biofertilizer enhanced yield over control
plots. However, such an increase was similar for both
chickpea varieties. Seed inoculation with either of the
inoculants improved biological yield to a similar extent in
plots of Desi chickpea. However, seed inoculation with
Rhizogold was more effective in improving yield of Kabuli
type than N-biofertilizer. Highest biological yield (4.95 t
ha') was recorded for plots of Desi chickpea (Bhakkar-
2011) under soil application of Rhizolgold. Although
effective in improving the biological yield significantly over
uninoculated control, the soil application of both inoculants
resulted in similar biological yield regardless of chickpea
variety. For seed yield of chickpea, the interactive effect of
chickpea varieties with inoculation treatment was significant
(p<0.0.5). Under uninoculated conditions, both chickpea
varieties recorded similar seed yield. However significant
yield increments were observed under various inoculation
treatments. In plots of Desi chickpea, inoculation resulted in
77-117% vyield advantage as compared to the uninoculated
plots. Likewise, inoculation resulted in 84-139% vyield
increase in case of Kabuli chickpea. Seed treatment of both
inocula recorded similar yield in plots of both chickpea
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varieties. Nevertheless, the soil application of Rhizogold
was superior as compared to N.-biofertilizer and resulted in
17 and 10% vyield increment as compared to the seed
inoculated plots of Desi and Kabuli, respectively. For
harvest index, the interaction of chickpea varieties and
rhizobial inoculation was significant. Maximum harvest
index was recorded for plots of Kabuli chickpea under soil
application of Rhizogold (50.81%) that was 60% higher
compared to control. Seed inoculation of both inoculants
resulted in similar harvest index in plots of both chickpea
varieties. Soil application of N-biofertilizer improved
harvest index in plots of Kabuli type to a much greater
extent than same treatment applied to plots of Desi type.
However, lowest harvest index (31.61%) was observed for
uninoculated plots of Kabuli chickpea (Table 2).

Chickpea growth

Inoculation treatments had a significant effect on the
dry matter of chickpea (Figure 2B). All the inoculation
treatments were at par with each other regarding dry matter
accumulation by chickpea. However, dry matter recorded in
response to seed inoculation with Rhizogold and soil
application of N-biofertilizer was significantly different
from that recorded for uninoculated plots.

Pattern for dry matter accumulation of Desi chickpea
(Bhakkar-2011) are shown in Figure 3A. Dry matter
exhibited a temporal rise and then curve became stable
towards maturity. The highest increment was recorded
between 65 and 85 DAS in plots where seed inoculation
with Rhizogold was done. At 105 DAS, least dry matter was
recorded for control plots. Dry matter of Kabuli chickpea
(Noor-2013) manifested a slight increase between 45 to 65
DAS (Figure 3B). Afterwards, a sharp increase was noticed
till 105 DAS and dry matter curve leveled off thereafter.
The highest dry matter was recorded at 105 and 125 DAS in
plots where soil application of Rhizogold was made. Soil
application of the Nj-biofertilizer was the next effective
treatment in this regard. Comparative dry matter
accumulation of Desi and Kabuli chickpea is shown in
Figure 3C. The dry matter accumulated by two varieties was
almost similar at all sampling intervals. At last sampling,
numerically higher dry matter was recorded for Kabuli
chickpea.

A significant interaction between tested factors was
observed for the seasonal CGR (p<0.0.5). Under
uninoculated conditions, the CGR of Kabuli chickpea
(12.11 g m? d') was significantly higher (50%) as
compared to CGR (8.06 g m?2 d?) of the Desi chickpea.
Irrespective of chickpea variety, seed application of both the
inocula resulted in similar CGR. Soil application of the used
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inocula resulted in similar CGR in case of Kabuli chickpea.
However, the soil application of N-biofertilizer to plots of
Desi chickpea was superior as compared to the soil
application of Rhizogold regarding seasonal CGR. The
former treatment had 33% more CGR as compared to the
later one (Table 2).
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Regarding pattern for CGR of Desi chickpea (Bhakkar-
2011; Figure 4A), the highest CGR was recorded between
65-85 DAS in plots where seed application of Rhizogold
was used. This treatment was followed by seed inoculation
with No-biofertilizer. Between 85-105 DAS, unincoulated
plots had the lowest CGR. For CGR of Kabuli chickpea
(Noor-2013) (Figure 4B), the highest CGR was recorded
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Table 2: Influence of rhizobial inoculation treatments on agronomic and yield parameters of chickpea

Rhizobial Plant Number Number Number Biological yield Seed yield (t ha'l) Harvest index (%) Seasonal crop growth

Inoculation height of of pods of (tha) rate (gm* dh)
(cm) branches nodules Desi Kabuli Desi Kabuli Desi Kabuli Desi Kabuli

No inoculation S3.05B  498B  1412B  538B  2.80e  299%  105e 094e 3697de 3l6le  B.06c 12.11a

Seed inoculation 5550AB  S5.68A  1475B  2043A 3.75d  3.76d 1.86bed 173d 49.79ab 46.0labc  10.94ab  10.22abe

with NaBiofertilizer

Seed inoculation S552AB SSSAB  1440B  2137A  3095cd 44dabc  196bc 183cd 49.80ab 3% llagab  10.61abe

with Rhizogold bed

Soil application of 5790A  582A  1602A 21.07A 4.85ab 42lbed 1.95bc  2.04b 39.93cde 4895ab  12.06a  9.78abc

N:Biofertilizer

Isut’ﬁz z‘;g'fga"c’“ of 5757A  580A  1652A 2347A 4952 443abc  2.28a  224a 4647abc  S508la  9.06bc  9.56abc

HSD p=<0.05 4.43 0.63 1.04 4.55 0.186 871

Means net sharing a letter in commen differ significantly at 5% probability by Tukey’s HSD test

Table 3: Economic analyses of seed and soil applications of inoculation for Desi (Bhakkar-2011) chickpea genotype

Parameter l1 I2 I3 la Is Remark
Chickpea seed yield 1.05 1.86 1.96 1.95 2.28 t hat
1046.7 1858.3 1961.1 1950 2275 kg hat
10% loss 104.67 185.83 196.11 195 2275 To bring at farmer level
Adjusted seed yield 942 1672.5 1765 1755 2047.5 10% discount
Income from seed yield 94200 167250 176500 175500 204750 EgKRRhfolo per kg)
Straw yield 1.75 1.89 1.99 2.90 2.68 thal
1753.33 1891.67 1988.89 2900.00 2675.00 kg hat
10% straw loss 175.33 189.17 198.89 290.00 267.50 To bring at farmer level
Adjusted straw yield 1578.00 1702.50 1790.00  2610.00  2407.50 10% discount
Income from straw yield 7890 85125 8950 13050 12038 pion gapzr «
Gross income 102090 175763 185450 188550 216788 PKR ha
Inoculum 0 150 150 350 350 75 PKR per pack
Cost varied 0 150 150 350 350 PKR ha
Net benefits 102090 175613 185300 188200 216438 PKR ha

I, = No inoculation; 1, = Seed application of No-Biofertilizer; 13 = Soil application of N,-Biofertilizer; 1, = Seed application of Rhizogold; Is = Soil

application of Rhizogold

during 65-85 DAS in plots where soil application of No-
biofertilizer was done. Control plots had the lowest CGR at
these time intervals. At last sampling, plots where N-
biofertilizer was used for seed inoculation had the highest
CGR. Comparative periodic CGR of Desi (Bhakkar-2011)
and Kabuli (Noor-2013) chickpea varieties are shown in the
Figure 4C. The growth rate of two varieties was alike
between 45-60 DAS and 75-90 DAS. However, highest CGR
was recorded between 65-85 DAS in plots of Kabuli chickpea
(Noor-2013). Rest of the time, the CGR did not vary between
the two chickpea varieties. However, the initial vegetative
crop growth (45-60 DAS) was accompanied with minimum
CGR than rest of the sampling intervals.

Economic analyses

In case of economic analysis, our study exhibited that
inoculated treatments brought up a net benefit over
uninoculated plots. Economic analyses showed that highest
net benefit of 216438 PKR ha* was obtained from plots of
Desi chickpea (Bhakkar-2011) where soil application of

¥ Soil Environ. 40(2): 183-193, 2021

Rhizogold was done (Table 3). Analysis also depicted that
second highest net benefit of 211825 PKR ha was achieved
from plots of Kabuli chickpea (Noor-2013) under same
inoculation treatment (Table 4).

Higher benefit to cost ratio was recorded for
inoculated plots in comparison to non-inoculated plots.
For Desi chickpea (Bhakkar-2011), maximum benefit
cost ratio (2.846) was recorded in plot where Rhizogold
was soil applied (Table 5). On the other hand, reduction
in benefit-cost ratio (1.347) was recorded in uninoculated
plots. In case of Kabuli chickpea (Noor-2013), maximum
benefit cost ratio (2.812) was obtained where seed
application of Rhizogold was used. The lowest benefit
cost ratio (1.242) was observed in uninoculated plots.
Highest marginal rate of return (MRR) was associated
with seed inoculation with Ny-biofertilizer in both
chickpea varieties (Table 6). The next higher MRR was
recorded for soil application of same inoculum in plots of
both chickpea varieties.
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Table 4: Economic analyses of seed and soil applications of inoculation for Kabuli (Noor-2013) chickpea genotype

Parameter I I2 I3 ls Is Remark
Chickpea seed yield 0.94 1.73 1.83 2.04 2.24 tha?
944.44 1725 1830.6 2044.44 22444 kg ha!
10% loss 94.444 172.5 183.06 204.444 224.44 To bring at farmer level
Adjusted seed yield 850 1552.5 1647.5 1840 2020 10% discount
Income from seed yield 85000 155250 164750 184000 202000 PKR 100 per kg
Straw yield 2.04 2.03 2.61 2.16 2.71 tha'
2042.22  2031.00 2609.44 216356 270556 kg ha'
10% straw loss 204.22 203.10 260.94 216.36 270.56 To bring at farmer level
Adjusted straw yield 1838.00 1827.90 2348.50 194720  2435.00 10% discount
Income from straw yield 9190 91395 11743 9736 12175 PKR 5 per kg
Gross income 94190 164390 176493 193736 214175 PKR ha't
Inoculum 0 150 150 350 350 75 PKR per pack
Cost varied 0 150 150 350 350 PKR ha
Net benefit 94190 164240 176343 193386 213825 PKR ha'

I, = No inoculation; 1, = Seed application of N,-Biofertilizer; 15 = Soil application of Np-Biofertilizer; 1, = Seed application of Rhizogold; Is = Soil
application of Rhizogold

Table 5: Influence of rhizobial inoculation treatments on economic benefits and benefit cost ratio of chickpea

genotypes
Parameter Variable Fixed Total _Gross Net benefit Net BCR
cost cost cost Income return
(PKR ha?)
Treatment Bhakkar-2011
No inoculation 0 75815 75815 102090 102090 26275 1.347
Seed inoculation with 150 75815 75965 1757625 1756125  99797.5 2314
N,-Biofertilizer
Seed inoculation with 150 75815 75965 185450 185300 109485 2.441
Rhizogold
Soil application of No- 350 75815 76165 188550 188200 112385 2.476
Biofertilizer
Soil application of 350 75815 76165 216787.5 2164375  140622.5 2.846
Rhizogold
Noor-2013
No inoculation 0 75815 75815 94190 94190 18375 1.242
Seed inoculation with 150 75815 75965 1643895 1642395 884245 2.164
N»-Biofertilizer
Seed inoculation with 150 75815 75965 176492.5 1763425  100527.5 2.323
Rhizogold
Soil application of No- 350 75815 76165 193736 193386 117571 2.544
Biofertilizer
Soil application of 350 75815 76165 214175 213825 138010 2.812
Rhizogold
BCR = Benefit Cost Ratio
Discussion CGR and better nodulation (Meena et al., 2013; Kaur et al.,

2015). Soil application of Nj-biofertilizer was superior to
uninoculated plots regarding plant height (Sharar et al., 2000;
Namwar et al., 2011). The improvements recorded for the

The plant height was maximum under inoculation of soil
applied No-biofertilizer that was significantly higher than
uninoculated plots. This increase was probably due to greater
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number of branches plant? may be due to microbial mediated
production of phytohormones which can induce morpho-
physiological changes in roots, thus can increase nutrient
uptake from soil (Sharma et al., 2013). Effective nodulation
and hence concurrent increase in Np-fixation might explain
the observed difference among the treatments.

2015). Rhizobial strains differ significantly regarding their
stress tolerance and nodulation ability in chickpea (Aynalem
et al., 2018). The nodule number varied from 9 to 22
nodules per plant; while, plant shoot dry biomass ranged
from 1.18 to 1.84 g plant™. Contrarily, in present study, the
interactive effect between chickpea varieties and rhizobial
inoculation was non-significant. The differences in 100-seed

Table 6: Dominance and marginal analyses for Desi (Bhakkar-2011) and Kabuli (Noor-2013) chickpea genotype
subjected to different inoculation materials and application methods

Parameter Variable cost Net benefit Marginal cost Marginal net benefit MRR (%)
PKR ha'!

Treatment Bhakkar-2011

No inoculation 0 100090 - - -

Seed inoculation with No-Biofertilizer 150 173612.5 150 73522.5 49015.0

Seed inoculation with Rhizogold 150 183300 0 9687.5 D

Soil application of N2-Biofertilizer 350 186200 200 2900 1450.0

Soil application of Rhizogold 350 214437.5 0 28237.5 D
Noor-2013

No inoculation 0 92190 - - -

Seed inoculation with No-Biofertilizer 150 162239.5 150 70049.5 46699.7

Seed inoculation with Rhizogold 150 1743425 0 12103 D

Soil application of N2-Biofertilizer 350 191386 200 17043.5 8521.8

Soil application of Rhizogold 350 211825 0 20439 D

In our study, number of nodules were significantly
higher under various rhizobial inoculation treatments. These
results are in corroboration with those of Das et al. (2013)
who reported overall improvement in the crop growth under
the influence of microbial inoculation and attributed the
same to impact on nutritional environment and involvement
in various physiological processes in the plant system. The
less number of branches realized under soil application
could be due to less Nj-fixation owing to poor survival or
suboptimal rhizobial population under such treatments. The
enhancement in pods plant™ with rhizobial inoculations may
be attributed to better root development, nodulation and
greater nutrient acquisition resulting in vigorous plant
growth which in turn resulted in better flowering and
partitioning of photo-assimilates during seed formation
(Dutta and Bandyopadhyay, 2009; Singh et al., 2010; Singh
et al.,, 2015). More nodules plant? can be ascribed to
production of phytohormones, suppression of pathogens or
better nutrient acquisition that may contribute to promote
nodulation (Kaur et al., 2015). The corroborated results
have also shown an increase in number of nodules due to
rhizobial application (Erman et al., 2011. Such increments
in nodules number with biofertilizers has also been reported
elsewhere (Malik and Sindhu, 2011; Chandra and Pareek,
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weight observed between tested chickpea varieties could be
explained in part due to morpho-physiological divergence
present between the tested varieties and their differential dry
matter accumulation and its partitioning and variable CGR.
El Hadi and Elsheikh (1999) found genotypic variation
regarding response to the applied inoculum, and cultivar
Gabel Marra recorded the highest percentage of protein due
to N fixation compared to the other cultivars. The
improvement in biological yield with rhizobial inoculation
was presumably because of improved plant height, number
of branches, dry matter accumulation, nodulation and yield
attributes. Greater CGR in inoculated plots due to better
nodulation and hence Ny-fixation was conducive to
increased dry matter which was ultimately reflected as
higher biological yield. The positive effects of N include
increase in vegetative growth, canopy size and interception
of light and hence photosynthetic gains (Namvar et al.,
2011, 2013). These findings are in close proximity with
those of Dutta and Bandyopadhyay (2009) in chickpea.
These reports are in agreement with those of Namwar et al.
(2011) and Singh et al. (2015) who stated that Rhizobium
inoculation has a positive effect on the pods per plant, 100-
seeds weight and hence the seed yield of chickpea. The
increment in seed yield due to rhizobial inoculation was due to
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promotion of number of branches and pods plant? due to better
plant growth. Moreover, such an increase could also be
explained in terms of better crop dry matter accumulation and
growth rates. Bhattacharjya and Chandra (2013) explained the
positive effect of seed inoculation on growth and yield
attributes over that of uninoculated control which was
attributed to dissolution and mobilization of fixed P in soil to
the crop plants by Pseudomonas diminuta and its synergistic
effect with increased nodulation. Inoculation related
improvement in growth, biomass and yield of chickpea have
been reported (Bhuiyan et al., 2008; Khaitov et al., 2016).
Bhuiyan et al. (2008) recorded a seed yield of 1.29 t ha' in
plots sown with chickpea seed inoculated with rhizobial strain
RCa-220 that was 15% higher over untreated control plots.

Togay et al. (2008) reported that inoculation with
Rhizobium significantly increased the CGR and dry matter in
chickpea. Malik et al. (2006) found that seed inoculation with
Rhizobium significantly increased the plant total dry matter,
seed yield and harvest index. These results corroborate the
observations of Kaur et al. (2014) and Zaidi et al. (2003) who
also reported that the inoculation with Rhizobium spp. resulted
in significantly higher dry matter as compared to uninoculated
plots. The rapid increase in total dry matter at the later stages of
growth was due to the development of a considerable amount
of leaf area compared to early stages (Yasari and Patwardhan,
2006).

Application of granular inoculant to the soil just below the
seed improved the yield of Kabuli chickpea by 36 and 14% as
compared to seed inoculation with liquid or peat based powder,
respectively (Boahen et al., 2002). They also reported that
relative benefits of seed inoculation depend on placement depth
of the inoculum which is related to method of application.
Inoculum applied to the seed or granular inoculum applied at
seeding depth caused nodulation in the crown region. Greater
profitability as evident from higher net returns, benefit cost
ratios and MRR of applied rhizobial treatments relative to non-
inoculated plots provided insights in to enhanced yields and
associated monetary benefits suggesting the cost-effectiveness.
These reports are parallel with those of Jain et al. (2006) who
also obtained higher gross returns with inoculation of
Rhizobium as compared to non-inoculated plots.

Conclusion

Application of rhizobial inoculum to chickpea varieties
significantly improved the growth and yield of chickpea.
The best yield performance of both chickpea varieties was
observed in plots where soil application of both inoculums
was used. It is therefore, concluded that soil inoculation
with effective rhizobia must be carried out for profitable
chickpea production in irrigated conditions. Future research
studies should be undertaken to explore the rhizobial

survival and No-fixation under abiotic stresses. Moreover,
comparative performance of these inocula under varying
water regimes (rain-fed vs irrigated) also needs to be
explored considering diverse chickpea genotypes.
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