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Chickpea is a sulphur-sensitive crop with lower targeted fertilization regimens in India. Continuous use of
sulphur-free fertilizers, growing of high-yielding varieties and reduced tillage intensity along with multiple
cropping causes worldwide sulphur deficiency in soil and decreases the yield, plant nutrient content and
uptake along with quality of produce. To examine this, a field experiment was conducted to evaluate the
effect of sulphur application on chickpea during the rabi season 2018–19 in black cotton soil. The research
trial comprised nine treatments including absolute control, soil application of S (sulphur) @ 10, 20, 30 kg ha–

1 through Bentonite sulphur and Gypsum, in addition to RDF at the time of sowing. Findings indicate that
based on an analysis of all growth yield and quality parameters, Bentonite sulphur was found to be superior
to Gypsum. Results revealed that application of S @ 30 kg ha–1 through Bentonite sulphur along with RDF
resulted in the highest seed yield (25.58 q ha–1) and straw yield (31.98 q ha–1) followed by S @ 30 kg ha–1

through Gypsum + RDF. Similarly, the highest number of pods per plant (42.60), test weight (25.67 g), protein
content (21.09 %) and total chlorophyll (1.012 mg g–1) was also noticed with the application of Bentonite
sulphur @ 30 kg ha–1. Furthermore, application of Bentonite sulphur and Gypsum resulted in higher content
and uptake of N, P, K, sulphur, and micronutrients. Hence, application of S @ 30 kg ha–1 through Bentonite
sulphur combined with RDF (25:50:30 kg ha–1 of N, P2O5, K2O) at the time of sowing resulted in increased
production, nutrient uptake, protein and chlorophyll content of chickpea in sulphur deficient soil of semi-
arid zone of Maharashtra.
Key words : Sulphur, Bentonite sulphur, Gypsum, Productivity, Nutrient uptake, Protein content, Chlorophyll

content.
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ABSTRACT

Introduction
India is leading across the world in the production of

pulses. The total area under pulse in India increased from
19 million hectares in 1950–51 to 28.8 million hectares in
2021–22. In India, the cultivated area for chickpeas was
10.0 million hectares, generating 11.9 million tonnes of
production with an average productivity of 1192 kg ha–1

in 2020–21 (Anonymous, 2022). Following Madhya
Pradesh, Maharashtra is the second-largest chickpea-
producing state. The area under Chickpea cultivation in
Maharashtra was 2.23 million hectares yielding production
of 2.40 million tones with an average productivity of 1074
kg ha–1 (Anonymous, 2022). Thus, Maharashtra

contributes 22.32% of the country’s acreage and 20.12%
of India’s chickpea production. Global crop productivity
needs to double by 2050 (Ray et al., 2013) to meet the
growing population’s increasing demand for food and
energy (Vollset et al., 2020). Udayana et al. (2021)
pointed out that managing water and nutrients is essential
to achieving expected production demands. Now Sulphur
must be considered along with nitrogen, phosphorus and
potassium for managing nutrient strategies due to the
decline in sulphur accumulation over the past 20 years.

Sulphur is the 4th major essential plant nutrient after
N, P and K because of its role in the synthesis of proteins,
formation of chlorophyll, vitamins, flavoured compounds
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and activation of enzymes in plants. Generally, plant
sulphur requirement is equal to phosphorus and also 9-
15% amount of nitrogen (Udayana et al., 2021), however
leguminous and cruciferous crops require sulphur more
than phosphorus (Verma et al., 2020). An essential
component of amino acids, protein, methionine (21% S),
cysteine (27% S) and cysteine (Tandon et al., 1984; Jamal
et al., 2005 and 2006), sulphur plays a crucial role in the
metabolic activities of the entire plant (Droux, 2004).
Being a growth-limiting element, sulphur also affects the
uptake of nutrients like N, P, K, molybdenum, zinc, iron,
selenium and boron (Abdin et al., 2003; Bona and
Monterio; El-Eyuoon and Amin, 2018). Sulphur helps
towards conversion of nitrogen into protein and influences
the protein content in pulse crops. Sulphur also improves
the S-containing amino acid and ultimately enhances the
protein content (Das et al., 1975).

Chickpea is sensitive to sulphur deficiency. The
deficiency of sulphur is emerging fast in areas where
continuously sulphur-free fertilizers like DAP, urea etc
are being used. Use of high analysis S-free fertilizers,
less use of organic manures, decreased use of S-containing
fungicides and insecticides (Scherer, 2001; Eriksen, 2004),
heavy sulphur removal due to intensification of agriculture
by growing of high-yielding varieties of oilseed crops,
and in some cases reduced tillage intensity (Sutradhar et
al., 2017) along with multiple cropping contributed to
widespread sulphur deficiencies in Indian soils. Worldwide
Sulphur deficiencies have been reported in 72 countries
(Morris, 1988). In Indian soils, sulphur deficiency has
been noticed at 32.9% (Shukla et al., 2016), while in
Maharashtra sulphur deficiency was recorded to the
extent of 37.48%, while in Vidarbha it was noticed at
25.76% (Katkar et al., 2017). Sulphur deficiency
decreases the concentration of nitrogen in the shoots and
seeds of many legumes (Claro-Cortes et al., 2002), which
reduces nutrient uptake and ultimately declines the yield
and quality of crop produce (Mahi et al., 2007; Schonhof
et al., 2007; et al., 2010). Several researchers reported
the impact of sulphur deficiency on yield reduction.
Saalbach (1973) reported 10-30% yield reduction
whereas Zhao et al. (2000) reported 50% yield loss in
cereals and Singh et al. 2014 mentioned 35% yield loss in
corn crop respectively. Singh et al. (1995) observed 15-
29% yield losses in groundnut due to sulphur deficiency
in medium black calcareous soil. Chandra and Pandey
(2016) also noticed 60, 50, 36 and 59% reductions in
cysteine level, storage protein, pod count and seed weight
per plant under sulphur-deficient conditions. Thus, it is
crucial to assess the impact of sulphur application on
chickpea yield, quality and nutrient uptake in black cotton

soil. The area of black cotton soil under the semi-arid
region of Maharashtra is proven to be the best soil for
chickpea production. The proposed research was carried
out to examine the impact of soil applications of sulphur
on the production, nutritional uptake and quality of
chickpea.

Materials and Methods
Location, climate and soil of experimental site

The field experiment was conducted at Pulses
Research Unit, Washim Road Farm, Dr. Panjabrao
Deshmukh Krishi Vidyapeeth, Akola, Maharashtra, during
the rabi season 2018–19. The experimental field is
situated at the latitude 20o 40' 35'' North and longitude of
760 59' 10'' East with an altitude of 307.4 m above mean
sea level (MSL). The climate of the Akola region is semi-
arid and characterized by three distinct seasons viz., hot
and dry summer from March to May, warm and rainy
monsoon from June to October and mild cold winter from
November to February. The average annual precipitation
in the Akola region is 711.1 mm. The details of mean
monthly weather parameters viz. ,  maximum and
minimum temperatures, rainfall (mm), relative humidity
(%), wind speed (km h–1), sunshine (h) and USWB open
pan evaporation (mm) recorded during cropping seasons
(2018–19) from Agro-meteorology Observatory, Dr.
PDKV, Akola is depicted in Fig. 1. The soil (0–30 cm
depth) of the experimental site was slightly alkaline in
reaction (pH–8.96), having normal electrical conductivity
(EC– 0.24 dS m–1), medium in organic carbon (5.28 g
kg–1), calcareous in nature (CaCO3 6.87 %), low in
available nitrogen (N–188.2 kg ha–1)) and phosphorus
(P–13.65 kg ha–1), very high in available potassium (K–
581.2 kg ha–1), deficient in available Sulphur (S–9.82 mg
kg–1) and sufficient in DTPA-Zn (11.64), Fe (9.37), Cu
(1.60) and Mn (1.22) mg kg–1.
Details of experiment, treatment and crop
management

The certified seed of the most popular variety of
chickpea (JAKI–9218) was sown in rabi season on 12th

November 2018 by drilling at the rate of 75 kg ha–1 at
spacing 30 × 10 cm. The experiment was laid out in
Randomized Block Design and replicated thrice with nine
treatments as shown in (Fig. 2). Initially, the experimental
site was ploughed after the harvest of the kharif crop,
harrowed, made free of grasses before the preparation
of the layout. An initial composite surface soil sample
was collected from 0–30 cm depth to analyse the
physicochemical properties of the soil. The details of
treatments include T1 – Absolute control, T2 – S free
RDF (NPK through Urea, DAP, MOP), T3 – RDF (NPK
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through Urea, SSP, MOP), T4 – S @ 10 kg ha–1

through Bentonite Sulphur + RDF, T5 – S @ 20 kg
ha–1 through Bentonite Sulphur + RDF, T6 – S @
30 kg ha–1 through Bentonite Sulphur + RDF, T7 –
S @ 10 kg ha–1 through Gypsum + RDF, T8 – S @
20 kg ha-1 through Gypsum + RDF, T9 – S @ 30 kg
ha–1 through Gypsum + RDF.

All the fertilizers (Urea, DAP, SSP, MOP,
Bentonite sulphur and Gypsum) were applied as
basal doses at the time of sowing. From treatments
T4 to T9, sulphur-free RDF (25:50:30 kg N, P2O5,
K2O kg ha–1) was applied through Urea, DAP and
MOP and the effect of graded doses of sulphur
was evaluated. Sulphur was given through Bentonite
sulphur to the treatments T4, T5 and T6 and through
Gypsum to the treatments T7, T8 and T9. Irrigation
was given two times by using a sprinkler irrigation
system after sowing and before the flowering stage
of the crop. Cultural operations viz., gap filling and
thinning were done and plant population was
maintained. The periodical operations such as
weeding and hoeing were carried out to maintain
the experimental plot free from weeds as per
recommended practices. As a plant protection
measure spraying of Flubendiamide 20% WG was
undertaken to control chickpea pod borer.
Yield, yield attributes, quality parameters and
plant sample analyses

Chlorophyll content in leaves was determined
at the flowering stage, with the help of a
Spectrophotometer by acetone extraction method
(Arnon, 1949). Randomly five plants from each plot
were selected at the maturity stage of the crop to
record the yield attributes viz., plant height, number
of branches, number of pods and number of grains
per plant and for subsequent lab analysis. The crop
was harvested manually at fully matured stage and
grain and straw yield was measured at the time of
harvesting and expressed in quintal ha–1. Treatment
wise plant samples were air dried and then oven
dried at 64°C for 24 hours. Using a grinding mill,
the plant samples were ground into a powder and
utilised to assess content and uptake of N, P, K, S
and micronutrients. Plant samples (0.5 g) were
digested and nitrogen was determined by micro
kjeldahl’s method using a digestion mixture (1:5:1)
consisting of CuSO4, K2SO4, Selenium powder and
H2SO4 (Jackson, 1973). Di-acid extract
(HNO3:HCLO4 in 9:4 ratio) was used for P, K, S
and micronutrient analysis. The phosphorus and
Potassium content in the di-acid digested plant

Fig. 1 : Monthly mean of weather conditions prevailed during
chickpea cropping seasons (2018–19).

Fig. 2 : Layout of experiment.
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sample was determined by the Vanadomolybdate yellow
colour method using spectrophotometer and Flame
Photometer method as described by Jackson (1973).
Sulphur was estimated turbidimetrically on
Spectrophotometer (Chesnin and Yien, 1951).
Micronutrients including Zn, Fe, Mn and Cu were
estimated by Atomic Absorption Spectrophotometer
(Issac and Kerber, 1971). The seed vigour index was
analysed by taking the weight of 100 chickpea seeds from
each plot and designated it as the seed index. The protein
content was determined as the procedure described by
AOAC (1975).
Statistical analysis

To investigate the impact of sulphur levels on the
growth, yield, nutrient uptake and quality parameters of
chickpea, data from the experiment were statistically
analysed using a Randomized block design (Panse and
Sukhatme, 1985.) For separating the means of different
treatments, Duncan’s multiple range tests were used to
calculate the least significant differences (LSD) at p =
0.05.

Results
Effect on growth, yield and yield attributing
characters of chickpea

The yield attributing characters such as plant height,
number of branches plant–1, pods plant–1, seeds plant–1

of chickpea was influenced significantly with the
application of increasing doses of sulphur (via Bentonite
sulphur and Gypsum) along with RDF (Table 1). The
significantly (p=0.05) highest plant height (46.37 cm),
number of branches plant–1 (19.27), pods plant–1 (42.60),
seeds plant–1 (44.75), of chickpea were observed with
the application of S @ 30 kg ha–1 through Bentonite sulphur
along with RDF (T6) which was on par with the treatment
(T9), (T5), (T8) and (T3). Findings showed that treatment
T6 recorded 29.5, 61.0, 103.8, and 111.3% enhancement
in case of plant height, number of branches plant–1, pods
plant–1, seeds plant–1 of chickpea as compared to
treatment T1 (absolute control). Similarly, the significantly
(p=0.05) highest seed yield (25.58 q ha–1) and straw yield
(31.98 q ha–1) were recorded with the application of S @
30 kg ha–1 through Bentonite sulphur along with RDF
(T6) followed by treatment S @ 30 kg ha–1 through

Table 1 : Growth, yield and yield attributes of chickpea as influenced by sulphur application.

Yield (q ha–1)

Seed Straw

T1 Absolute control 35.81c 11.97e 20.90d 21.18d 13.80c 17.25c

T2 S free RDF (NPK through 42.21b 16.01d 35.93c 38.37c 20.40b 25.49b

Urea, DAP, MOP)

T3 RDF (NPK through Urea, 44.01ab 18.20abc 41.47a 42.05ab 23.96a 29.95a

SSP, MOP)

T4 S @ 10 kg ha-1 through 43.37b 17.71bc 38.30c 40.45bc 23.56a 29.38a

Bentonite Sulphur + RDF

T5 S @ 20 kg ha -1 through 44.57ab 18.63abc 40.57ab 42.62ab 24.86a 31.09a

Bentonite Sulphur + RDF

T6 S @ 30 kg ha-1 through 46.37a 19.27a 42.60a 44.75a 25.58a 31.98a

Bentonite Sulphur + RDF

T7 S @ 10 kg ha-1 through 43.07b 17.31cd 37.97bc 40.19bc 23.35a 29.19a

Gypsum + RDF

T8 S @ 20 kg ha-1 through 44.39ab 18.29abc 40.23ab 42.34ab 24.45a 30.58a

Gypsum + RDF

T9 S @ 30 kg ha-1 through 46.23a 19.10ab 42.13a 44.21a 25.35a 31.72a

Gypsum + RDF

SE (m) ± 0.80 0.46 0.94 0.92 0.66 0.85

LSD (p=0.05) 2.41* 1.38* 2.83* 2.77* 1.98* 2.57*

At the p = 0.05 level * indicate the significant and ns non-significant differences in the mean of uptake of plant height (cm), No.
of branches plant-1, no. of pods plant-1, No. of seeds plant-1, seed yield (q ha-1) and straw yield (q ha-1) with successive doses
of sulphur. DMRT test representing that values within the columns with different superscripts letters are significantly different.

Treatments Plant height No. of branches No. of pods No. of seeds
(cm) plant–1 plant–1 plant–1



Effect of Sulphur Application on Yield, Yield Attributes, Nutrient Uptake and Quality of Chickpea 167

Gypsum + RDF (T9) (Table 1). In comparison to the
absolute control (T1), the seed yields of treatments T6
and T9 improved by 85.3 and 83.7%, while as compared
sulphur-free RDF (T2) yield improvement registered by
25.4 and 23.4%, respectively. Sulphur was applied @
37.5 kg ha–1 through Single Super Phosphate in the
treatment T3 (NPK through Urea, SSP and MOP) and
recorded seed yield (23.96 q ha–1) that was equally
comparable to S at 30 kg ha–1 through Bentonite Sulphur
(T6) and Gypsum (T9).
Quality parameters as influenced by sulphur
application

The test weight (100 seed weight), protein content
of chickpea seed, and chlorophyll content of leaves were
also significantly influenced by the application of sulphur
through Bentonite Sulphur and Gypsum (Table 2).
Significantly (p=0.05) highest test weight of chickpea
grain (25.67 g) was recorded in treatment T6 – S @ 30
kg ha–1 through Bentonite sulphur + RDF and was found
to be on par with treatment T9 – S @ 30 kg ha–1 through
Gypsum + RDF. The application of S @ 30 kg ha–1 through

Bentonite sulphur (T6) increased the test weight of
chickpea by 12 per cent over S-free RDF (NPK through
Urea, DAP, MOP – T2) and 6.16 per cent over S
containing RDF (NPK through Urea, SSP, MOP – T3).
The application of S @ 30 kg ha-1 through Bentonite
sulphur along with RDF (T6) enhanced the protein content
of chickpea seed by 6.66% over S-free RDF (NPK
through Urea, DAP, MOP – T2). The significantly
(p=0.05) higher protein content in chickpea seed (21.09%)
was recorded in treatment T6 and was found to be on
par with treatments T9, T5, T8 and T3. The lowest protein
content in chickpea seed (19.46%) was recorded in
absolute control (T1). In comparison to the absolute control
(T1), treatments T6 and T9 registered increased protein
content by 8.93 and 7.28%, respectively.

A similar trend was recorded for protein yield,
treatment T6 recorded the maximum protein yield (539.5
kg ha–1), while treatment T1 displayed the lowest protein
yield (268.9 kg ha–1). Total chlorophyll, chlorophyll (a)
and chlorophyll (b) content of chickpea leaves significantly
increased with the soil application of graded doses of
sulphur through Bentonite Sulphur and Gypsum. The

Table 2 : Effect of sulphur application on quality parameters of chickpea.

Chlorophyll content in leaves (mg g–1)

Chlorophyll Chlorophyll Total
A (mg g–1) B (mg g–1) chlorophyll

(mg g–1)

T1 Absolute control 0.494b 0.310c 0.804f 20.23d 19.46c 268.9d

T2 S free RDF (NPK through 0.530b 0.316c 0.846e 22.92c 19.77bc 403.2c

Urea, DAP, MOP)

T3 RDF (NPK through Urea, 0.635a 0.317c 0.952c 24.18abc 20.71ab 496.1ab

SSP, MOP)

T4 S @ 10 kg ha-1 through 0.607a 0.309c 0.916d 23.69bc 19.94bc 470.0b

Bentonite Sulphur + RDF

T5 S @ 20 kg ha -1 through 0.625a 0.404a 1.029ab 24.47abc 20.76ab 515.8a

Bentonite Sulphur + RDF

T6 S @ 30 kg ha-1 through 0.648a 0.393ab 1.041a 25.67a 21.09a 539.5a

Bentonite Sulphur + RDF

T7 S @ 10 kg ha-1 through 0.609a 0.306c 0.915d 23.47bc 19.90bc 464.2b

Gypsum + RDF

T8 S @ 20 kg ha-1 through 0.604a 0.351bc 0.955c 24.08abc 20.55abc 502.6ab

Gypsum + RDF

T9 S @ 30 kg ha-1 through 0.638a 0.373ab 1.011b 25.27ab 20.87ab 528.7a

Gypsum + RDF

SE (m) ± 0.02 0.02 0.01 0.59 0.34 13.89

LSD (p=0.05) 0.05* 0.05* 0.03* 1.76* 1.01* 41.64*

At the p = 0.05 level * indicates the significant and ns non-significant differences in the mean of different sulphur application
treatments. DMRT test representing that values within the columns with different superscripts letters are significantly different.

Test weight Protein Protein
Treatments (g) content (%) yield (kg ha–1)
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significantly (p=0.05) higher chlorophyll a (0.648 mg g–1)
was observed with the application of S @ 30 kg ha–1

through Bentonite sulphur along with RDF (T6), while
significantly higher chlorophyll b (404 mg g–1) was
observed with the application of S @ 20 kg ha–1 through
Bentonite sulphur + RDF (T5). In the case of total
chlorophyll significantly highest value was registered in
treatment T6 (1.041 mg g-1) followed by T5 (1.291 mg g-

1) and T9 (1.011 mg g-1) (Table 2). Treatments T6 and T9
showed an increase in total chlorophyll content by 24.49
and 25.80% as compared to absolute control (T1).
Effect on nutrient uptake

The seed, stover and total uptake of nitrogen (N),
phosphorus (P), potassium (K) and sulphur (S) improved
significantly (p=0.05) with the application of increasing
doses of sulphur (Table 3). Significantly (p=0.05) highest
total uptakes (seed + straw) of nitrogen (162.83 kg ha–1),
phosphorus (15.50 kg ha–1), potassium (107.00 kg ha–1)
and sulphur (20.91 kg ha–1) were observed with
application of S @ 30 kg ha–1 through Bentonite sulphur
+ RDF (T6) and found to be at par with application of S
@ 30 kg ha–1 through Gypsum + RDF (T9). Treatment
T1 (absolute control) reported a remarkable reduction in
total uptake of nitrogen, phosphorus, potassium and
sulphur compared to T6 by 53.3, 60.8, 57.4 and 62.6%,
respectively. Treatment T6 increased the total uptake of
N, P, K, and S by 41.22%, 50.30%, 54.0% and 66.67%,
respectively over S-free treatment (T2 – NPK through
Urea, DAP, MOP).

Discussion
Growth and yield

The data regarding yield shows that relative to
gypsum, there was a greater increase in the case of
bentonite sulphur (Table 1). This might be due to the result
of the availability of pelletized Bentonite sulphur, which
delivers sulphur in sulphate form, which the plant can
readily absorb. Due to its pellet structure, Bentonite
sulphur releases sulphur slowly and is accessible
throughout the chickpea growth season. The increase in
seed and straw yield was brought about by increased
sulphur availability in soil (Wright, 1962) and uptake, as
well as its active participation in the synthesis of amino
acids, regulation of various metabolic and enzymatic
processes (Droux, 2004), enhanced nitrogen fixation
(Lange et al., 1994; Scherer et al., 2006) and biomass
accumulation, all of which ultimately contributed to growth
and yield. Increased plant sulphur content, which is a
key constituent of sulphur-containing amino acids (Jamal
et al., 2006) plays a significant role in plant metabolism,
and photosynthesis and also aids in crop growth and

development, may be the reason for the improvement in
chickpea growth and yield characteristics (Droux, 2004).
These findings are in accordance with the results reported
by Jadeja et al. (2016), Sindagi (2014) and Das et al.
(2016). Srinivasulu et al. (2015) showed the advantage
of applying sulphur in increasing the grain and straw
production of chickpea, whereas Das et al. (2016)
observed a rise in growth, crop yield, and yield-attributing
characteristics of chickpea with increasing sulphur doses.
Jadeja et al. (2016) also reported enhanced seed and
straw yield of chickpea with the sulphur application as
compared to the control.
Quality parameters

Sulphur is a constituent of protein and hence the
application of sulphur showed a positive effect on an
increase in protein content and protein yield in seeds of
chickpea (Table 2). Srinivasulu et al. (2015) mentioned
that the application of 20 and 40 kg S ha–1 increased the
protein content by 7.5 and 8.0% respectively, over the
control. Das et al. (2016) also reported that regardless
of FYM, applying 20 kg ha–1 of sulphur greatly increased
the protein content by 3%. These result’s relation to
protein content is in complete agreement with Mir et al.
(2013) and Patel et al. (2014). An increase in protein
content with the application of higher doses of sulphur
might be due to increased root activity and translocation
of higher nitrogen and sulphur resulting in the synthesis
of more sulphur-containing amino acids such as
methionine, cysteine and cystine. The synergistic action
of nitrogen and sulphur with each other increased their
availability in the soil might be attributed to increased N,
S and protein content in chickpea grain (Ramkala and
Gupta, 1999). The increased seed weight may be
attributed to the role of sulphur in enhancing the protein
content of seeds ultimately enhancing seed weight. The
findings concerning the test weight conform with the
results reported by Jadeja et al. (2016) and Kala et al.
(2017). Chlorophyll concentration in chickpea leaves
might have increased due sulphur plays a direct role in
the production of chlorophyll in leaves. Jamal et al. (2006)
stated that the unavailability of sulphur directly affects
photosynthesis and causes a significant drop in chlorophyll
a/b binding protein and rubisco. The application of sulphur
accelerated photosynthesis because it boosted protein
synthesis and maintained a high chlorophyll concentration
(Ahmad and Abedin, 2000). These findings are in
accordance with the results reported by Bera and Ghosh
(2015).
Nutrients uptake

Following sulphur treatment, the oxidation of sulphur
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in the soil causes it to become acidic and lowers the soil
pH (Fontain et al., 2021; Yang et al., 2007). This reduced
pH helps in the availability of macro and micronutrients
which leads to an increase in their uptake. Bahadur and
Tiwari (2014) reported that an increase in sulphur
application up to 30 kg ha–1 significantly increased the
content and uptake of nitrogen, phosphorus and sulphur
both in seed and stover of chickpea as compared to 15
kg ha–1 and control. According to Chiaiese et al. (2004)
and Kumar et al. (2003) applying sulphur to chickpea
increased the amount of sulphur present in both grain
and stover. Das (2017), also mentioned that sulphur and
nitrogen worked together to enhance the uptake of other
nutrients. Sulphur application increased the number of
root nodules along with nitrogen fixation (Lange et al.,
1994; Scherer et al., 2006), which may have encouraged
the production of more above-ground dry matter,
increased nutrient uptake, which in turn raised nutrient
content in grain and stover along with better seed and
stover production (Table 3). These findings regarding the
total uptake of nutrients are also evaluated by the
researchers (Sindagi, 2014; Singh et al., 2013; Islam and
Ali, 2009; Kala et al., 2017).

Conclusion
Being a constituent of sulphur-containing amino acid

(Cysteine, Methionine), a controversial chemical element
(Ostowska, 2008), indispensable for the growth and
metabolism (Vidyalakshmi et al., 2009), having 0.24-
0.32% concentration in pulses (Singh, 2001), responsible
for the transfer of electrons during the light reactions of
photosynthesis (Randall, 1988), engaged in the formation
of chlorophyll (Mehta et al., 1979) and root nodule
(Daramola et al., 1982; Scherer et al., 2008), involved in
the formation of nitrogenase enzyme to increase nitrogen
fixation in legumes (Scherer et al., 2006) and concerned
with superior, nutritional and market quality of crop
produce (Sexton et al., 1998), sulphur is directly related
to the growth, yield quality and nutrient uptake of pulse
crop with improved crop production. It is concluded that
the application of sulphur @ 30 kg h–1 through Bentonite
sulphur along with RDF (25:50:30 kg N, P2O5, K2O) at
the time of sowing proved to be the best combination
which recorded the highest growth, yield, nutrient uptake,
protein content, protein yield, test weight (100 seed weight)
and chlorophyll content of chickpea in sulphur deficient
soil of semi-arid zone of Maharashtra.
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