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Original research article
Influence of Biofertilizers and sulphur on growth and yield attributes of

chickpea(Cicer arietinum L.).

ABSTRACT
A field experiment was conducted during Rabi season 2021-22 at the experimental

field of the Crop Research Farm, Department of Agronomy, Naini Agricultural Institute, Sam
Higginbottom University of Agriculture, Technology And Sciences, Prayagraj, Uttar Pradesh,
India which is located at 25° 30> 42°°N latitude, 81° 60’ 56” E longitude, and a height of 98
meters above sea level. The Experiment was laid out in Randomized block design with 9
treatments replicated thrice based on one year of experimentation. Biofertilizers like
Rhizobium (25g/kg seeds), PSB (25g/kg seeds), Rhizobium(12.5g/kg seeds) + PSB (12.5g/kg
seeds) along with different levels of Sulphur — 15,20 and 25kg/ha were used as treatments.
The results revealed that significantly higher plant height (59.3cm), maximum number of
Nodules/plant (7.8) and higher plant dry weight (66.3g). Whereas the maximum number of
pods/plant (67.6),higher seeds/pod (2.8), maximum seed index (28.00 g),higher seed yield
(1748.8 kg/ha), higher stover yield (2957.8 kg/ha) were recorded in the treatment-
9[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) + Sulphur ( 25kg/ha)].
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INTRODUCTION

Pulses are valuable source of dietary protein and have a specific ability to sustain

and preserve soil fertility by adding biological nitrogen fixation. Pulses are restoratives crops

and leaves quite enough as 30 kg/ha nitrogen in soil (Reddy and Reddy, ]201OD. Among the [ Comment [AFdS1]: This study was not
cited in the REFERENCES topic.

international article, it is advisable to write a

pulses, chickpea is an important rabi season| crop with high acceptability and wider use in Comment [AFdS2]: As this is an
short explanation of what this means.

nutritional food basket. Chickpea contains 18-22 per cent protein, 52-70 per cent carbohydrate,

4-10 percent fat and sufficient quantity of minerals, calcium, phosphorus, iron and vitamins. In [Comment [AFdS3]: It is missing to cite the
reference that contains this information.

India pulses are grown nearly in 28.83 m ha with an annual production of 25.72 m t and
productivity of 0.8 tha.Some of the states like Uttarpradesh is about 8.24 m ha with an annual
production of 9.97 m t and productivity of 1.08 t ha major producer of chickpea in India as
advocated by Ministry of agriculture and Farmer Welfare(GOI 2020-21).Besides, it is also
important for sustainable agriculture as it improves the physio-chemical and biological
properties of the soil. Its deep roots also open the soil, which ensure better aeration and heavy
leaf drop increases the organic matter in the soil. It can fix about 25-30 kg N/ ha through
symbiosis and these minimize dependency on chemical fertilizers. Thus, chickpea plays a vital
role in improving the soil health (DES 2018).

The role of bio-fertilizers is also well recognized which supplies macro and micro
nutrients necessary for the plant growth. Bio-fertilizers also develops a sustainable agriculture
system by maintaining soil fertility, soil physical properties, ecological balance and providing
stability to the production without polluting soil, water and air. Among bio-fertilizers
Rhizobium inoculation is cheapest, easiest and safest method of supplying nitrogen to legumes
through well-known symbiotic nitrogen fixation process. It increases the yield and improves
the quality of legumes, also adds substantial amount of residual nitrogen in soil for subsequent

crops. Rhizobium inoculation can increase the grain yield of pulse crops to the tune of 10 to

15 percent (Ali and Chandra, [1985). Phosphate solubilizing bacteria (PSB) have the Comment [AFdS4]: Asit is relevant
informa@ion, it w_ould be a_dvis_able to put more
consistent capacity to increase the availability of phosphates to plants by mineralizing organic LU ST AT, ComEsi g it &7 peeres

have passed since 1985.
phosphorus compounds. It solubilizes insoluble inorganic phosphorus compounds by exerting

organic acids, which is the primary mechanism of solubilizing of insoluble inorganic
phosphates. Besides organic acids, production of chelating substances, mineral acids,
siderophores and proton extrusion mechanism are also involved (Gaur, 1990).

Sulphur is the fourth major nutrient next to N, P and K and an essential element for
plant growth particularly for legumes crops which play an important role in plant metabolism
system. Sulphur promotes nodulation in legumes and favors solubilization of organic nitrogen
and decrease the quantity of insoluble nitrogen resulting in reduction of Sulphur. (Singh and

Chauhan, 2015) observed that mean yields increased 8.2 and 4.8 per cent in case of grain and
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4.5 and 3.4 per cent in case of straw with application of Sulphur.
MATERIALS AND METHODS

The experiment was carried out during rabi season of 2021-22 at Crop Research Farm,
Department ofAgronomy, Naini Agricultural Institute, SHUATS, Prayagraj (U.P.). which is
located at 25° 30° 42°°N latitude, 81° 60> 56” E longitude, and a height of 98 metres above sea
level. The soiltexture in the experimental plot was sandy loam, with a practically neutral soil
(PH 7.1), low in organic carbon (0.36%) available N (171.48 kg/ha), available P (27.0 kg/ha)
and K (291.2 kg/ha). The crop was sown on 28 November 2021 using variety NBeG-49. The
experiment was set up in a Randomized Block Design with three replications and nine
treatments in total Viz., T;: Rhizobium at 25g/kg seeds + Sulphur at 15kg/ha, T>: Rhizobium
at 25g/kg seeds + Sulphur at 20kg/ha, T3: Rhizobium at 25g/kg seeds + Sulphur at 25kg/ha,
T4 PSB at 25g/kg seeds + Sulphur at 15kg/ha, Ts: PSB at 25g/kg seeds + Sulphur at20kg/ha,
Te: PSB at 25g/kg seeds + Sulphur at 25kg/ha, T7: Rhizobium(12.5g/kg seeds )+ PSB(12.5
g/kgseeds) + Sulphur ( 15kg/ha), Tg: Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kg seeds) +
Sulphur (20kg/ha) and Tg: Rhizobium (12.5g/kg seeds )+PSB (12.5g/kg seeds)+Sulphur (
25kg/ha). Recommended dose of fertilizers (N:P: K) will be supplied in the form of Urea,
single super phosphate (SSP), and muriate of potash (MOP) as a basal dose in all plots, and
the seed treatment with Biofertilizers was done prior to 24 hours of sowing and Sulphur will
be applied according to the treatment levels. The growth Parameters were measured at
harvest stage, from randomly selected plants in each treatment. The yield attributes were
recorded at harvest form randomly selected plants in each plot. The data was computed and

analysed by following statistical method of Gomez and Gomez (1984) .

RESULTS AND DISSCUSSION

Effect of Biofertilizer and sulphur on growth attributes of chickpea.

Plant height (cm)
At harvest, significantly higher plant height (59.3cm) was recorded in treatment-9

[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) + Sulphur ( 25kg/ha)]as compared to the rest
of the treatments. However, the treatment-8 [Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) +
Sulphur (20kg/ha)] was found to be statistically at par with treatment-9 [Rhizobium(12.5g/kg
seeds )+ PSB(12.5 g/kgseeds) + Sulphur ( 25kg/ha)].Significant increase in plant height with
Rhizobium and PSB might be due to increase in uptake of N and P by the plants,which might be
due to more N-fixation and P-solubilisation through micro-organisms( Singh et al., 2018).Further
Sulphur plays a vital role in chlorophyll formation required for development of cells and

constituent of a number of organic compounds( Das S.K. et.al 2016).
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Number of nodules/plant
Significantly maximum number of nodules/ plant (7.8) was recorded with treatment- 9

[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kg seeds) + Sulphur ( 25kg/ha)] which was superior over
all other treatments. However, the treatment-8 [Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kg seeds) +
Sulphur (20kg/ha)]was found to be statistically at par with treatment-9[Rhizobium(12.5g/kg seeds )+
PSB(12.5 g/kg seeds) + Sulphur ( 25kg/ha)].Significant and maximum number of nodules/plant was
with application of Rhizobium, increase the number of nodules by availability of nitrogenase enzyme
PSB facilitates the nodule formation by proper development of nodules by increasing availability of
phosphorus through the mobilizing the unavailable phosphorus present in soil(Singh et al., 2018).
Further sulphur promotes nodulation in legumes and favours solubilization of organic nitrogen and
decrease the quantity of insoluble nitrogen,Resulted in higher nodules formation which ultimately

increase maximum number of nodules/plant. The results were similar to (Das S.K. et.al 2016).

Plant Dry weight ()
Significantly maximum Plant Dry weight (66.3 g) was recorded in treatment-9

[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) + Sulphur ( 25kg/ha)] which was superior over
all other treatments.However, the treatment-8[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) +
Sulphur (20kg/ha)] is statistically at par with treatment-9[Rhizobium(12.5g/kg seeds )+ PSB(12.5
g/kgseeds) + Sulphur (25kg/ha)]. Significant increase in plant dry weight with Dual inoculation of
Rhizobium (12.5g/kg seed) and PSB (12.5g/kg seed) along with soil application of Sulphur at 25
kg/ha was found to be effective in increasing the Dry matter production from advanced growth
stages to at harvest in which seed treatment with rhizobium had fixed atmospheric nitrogen in the
soil into available forms and PSB increased availability of phosphates to plants by mineralizing

organic phosphorus compounds. The results are in accordance with (Singh et al., 2018, Pramanick

et al., 2012). Further, increase in fresh and dry weight of nodules/ plant under sulphur application Comment [AFdS5]: This study was not
cited in the REFERENCES topic.

might be chiefly due to the improvement in soil properties and also sulphur application could be
ascribed to its pivotal role in regulating the metabolic and enzymatic process including
photosynthesis and respiration in plants. This might be due to certain of favourable soil ecological
condition for growth and development of nitrogen fixing bacteria (Rhizobium spp.). Results were

similar to (Ram.S. et al., 2018).

Effect of Biofertilizer and sulphur on yield and yield attributes of chickpea.

Number of pods/plant

Treatment-9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kgseeds) + Sulphur (25kg/ha)]was

recorded significantly maximum number of pods per plant (67.6) which was superior over all
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other treatments. However, the treatment- 8 [Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds)+
Sulphur (20kg/ha)] (66.9) was found to be statistically at par with the treatment-
9[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) + Sulphur (25kg/ha)]. Significant increase
number of pods/plant this might be due to more availability of sulphur during these vegetative
and reproductive stages of the crop. Sulphur is a part of amino acid (Cystine), which helps in
chlorophyll formation, photosynthetic process and activation of enzymes. The result were similar
to (Mitra et al., 2006).
Number of seeds/ pod

Treatment-9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) +Sulphur (25kg/ha)]
was recorded significantly maximum number of seeds per pod (2.8) which was superior over all
other treatments.However, the treatment-8 [Rhizobium(12.5g/kg seeds)+ PSB(12.5 g/kg
seeds)+Sulphur (20kg/ha)] (2.7) was found to be statistically at par with the treatment-9
[Rhizobium(12.5g/kg seeds )+ PSB(12.5 g/kgseeds) + Sulphur (25kg/ha)]. Significant increase
in number of seeds/pod Probably may be due to balanced nutrition and proper vegetative growth
which later converted into reproductive phase and resulted might in more number of seeds. The
results were similar to (Ram et al., 2018). Seed index (g)

Treatment-9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) +Sulphur (25kg/ha)]
was recorded significantly maximum seed index (28.0) which was superior over all other
treatments. However, the treatment-8 [Rhizobium(12.5g/kgseeds)+PSB(12.5g/kg seeds)+Sulphur
(20kg/ha)] (27.6) was found to be statistically at par with the treatment-9 [Rhizobium(12.5g/kg
seeds)+ PSB(12.5g/kg seeds) +Sulphur (25kg/ha)].

Seed yield (kg/ha)

Treatment-9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) +Sulphur
(25kg/ha)] was recorded significantly maximum Seed yield (1748.8 kg/ha) which was superior
over all other treatments.However,the treatment-8 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg
seeds)+Sulphur (20kg/ha)] was found to be statistically at par with the treatment-
9[Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) +Sulphur (25kg/ha)]. Significant increase
inseed yield might be due to the Dual inoculation of Rhizobium can increase seed yield in
pulse crop upto 10 to 15% while PSB increase availability of insoluble phosphorous into soil .
Results were similar to (Singh et al., 2018 ).Further role of sulphur in stimulation of cell
division, photosynthetic process as well as formation of chlorophyll. It also promotes the root
nodules in legumes, which cause the more sulphur available during vegetative growth period
and development of plant occurs. It resulted in higher seed yield. The result were similar to
(Kadam et al., 2006). Stover yield (kg/ha)
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Treatment-9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) +Sulphur (25kg/ha)] was
recorded significantly maximum Stover yield (2957.8 kg/ha) which was superior over all other
treatments.However,the treatment-8 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds)
+Sulphur (25kg/ha)] was found to be stastically at par with treatment- 9[Rhizobium(12.5g/kg
seeds)+ PSB(12.5g/kg seeds) +Sulphur (25kg/ha)] . Significant increase in stover yield with
Dual inoculation of Rhizobium,PSB increase in nitrogen availability in soil leads to increase in
content of nitrogen in seed and increase in P availability through solubilization of insoluble
native P and production of plant growth promoting substances.Results were similar to (Singh et
al. 2014, Chauhan and Bhoopendra Singh Raghav 2017).

Harvest Index (%)

Treatment-3[Rhizobium (25 g/kg seeds) + Sulphur (20kg/ha)]was recorded significantly
maximum harvest index (37.2%) which was superior over all other treatments.However the
treatment-8 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds)+Sulphur (25kg/ha)]
(36.0%) and treatment-9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) +Sulphur
(25kg/ha)] (36.5%) was found to be stastically at par with the treatment- 3[Rhizobium (25
g/kg seeds) + Sulphur (20kg/ha)].
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Table 1. Effect of Biofertilizer and Sulphur on growth and yield of Chickpea.

Plant Height (cm) Number of Plant Dry weight (g)

S. No. Treatments Nodules/plant

1 Rhizobium (25¢/kg seeds)+ Sulphur (15kg/ha) 54.8 3.7 57.5
Rhizobium (25¢/kg seeds)+ Sulphur (20kg/ha 55

2 (259/kg ) phur (20kg/ha) 57.2 65.9

3 Rhizobium (25g/kg seeds)+ Sulphur (25kg/ha) 58.1 6.0 64.3

4 PSB (259 /kg seeds) +Sulphur (15kg/ha) 55.4 4.3 594
PSB (25g/kg seeds)+ Sulphur (20kg/ha 51

. (25g/kg )+ Sulphur (20kg/ha) - 606
PSB (25g/kg seeds)+ Sulphur (25kg/ha) 5.3

6 56.6 63.2
[Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds)

7 +Sulphur (25kg/ha)] 56.7 49 60.4
[Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg seeds) 7.6

8 +Sulphur (25kg/ha)] 587 66.2
[Rhizobium(12.5g/kg seeds)+ 7.8

9 PSB(12.5g/kg seeds) +Sulphur (25kg/ha)] 9.3 66.3
F test S S S
SEm (%) 0.23 0.36 0.39
CD (P=0.05) 0.69 1.07 1.17

Table 2. Effect of Biofertilizer and Sulphur on yield attributes of chickpea.
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No.of No. of Seed yield Stover yield (kg/ha) Harvest index (%)
S. Treatments Pods/plant Seeds/pod Seed Index (g) (kg/ha)
No.
Rhizobium (25g/kg seeds)+ Sulphur
1 (15kg/ha) 56.1 2.2 26.2 1058.3 2288.8 31.0
5 Rhizobium (25g/kg seeds)+ Sulphur 64.2 26 270 1504.9 2699.2 356
(20kg/ha) : : ) : : :
3 Rhizobium (25¢/kg seeds)+ Sulphur 65.9 9 9 662.9 978 379
(25kg/ha) 5. 7 7.1 1662. 785.7 7.
PSB (25g/kg seeds)+ Sulphur (15kg/ha
4 (259/kg ) phur (15kgfha) 59.1 2.2 26.7 1133.9 2404.5 311
5 PSB (25g/kg seeds)+ Sulphur (20kg/ha) 616 25 272 13755 24936 340
PSB (25g/kg seeds)+ Sulphur (25kg/ha
6 (25gkg ) phur (25kgiha) 61.7 25 27.4 1411.8 2557.9 34.1
[Rhizobium(12.5g/kg seeds)+PSB(12.5g/kg
7 seeds) +Sulphur (25kg/ha)] 59.2 23 26.8 12113 23554 32.8
8 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg 2.7 27.6 1662.4 2867.8 36.0
66.9
seeds) +Sulphur (25kg/ha)]
9 [Rhizobium(12.5g/kg seeds)+ PSB(12.5g/kg 7.6 seeds) 28 28.0 17488 29578
+Sulphur (25kg/ha)] 36.5
S S S
F test S S S
SEm (z) 0.62 0.04 0.20 21.09 26.53 0.59

CD (P=0.05) 1.86 0.12 0.61 63.22 79.55 1.78
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CONCLUSION

Based on the research done in one season, it is concluded that for obtaining higher
yield in chickpea, seed treatment with Rhizobium (12.5g/kg seeds) , PSB (12.5g/kg seeds)
and soil application Sulphur at 25kg/ha along with recommended dose of fertilizers as basal
dose is advised as it is recorded higher plant height, dry weight, crop growth rate, number of

pods per plant, number of seeds per pod, seed yield and Stover yield.

Comment [AFdS6]: To complete the
study, it would be advisable in the final part
of the work (the topic conclusion) to pay
attention to the practical meaning of the
study, in addition to specific
recommendations for farmers.
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