
 

 

Original Research Article 

Effect of Sulphur Application on Yield, Uptake and 

Quality of Chickpea (Cicer arietinum L.) 

 

ABSTRACT 

A field experiment was conducted at Pulse Research Station in Dr.Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola, Maharashtra from the period of Rabi 2020-21 to 2022-23 to study the effect of 

sulphur application on yield,uptake and quality of Chickpea (Cicer arietinum L.). The experiment was 

laid out in Randomized block design (RBD) with 9 treatments and 3 replications. The study revealed 

that the incorporation the application of sulphur application is significantly influenced the yield, uptake 

and quality. The highest seed yield (24.18 q ha
-1

) and straw yield (30.16 q ha
-1

) were recorded with 

the application of S @30 kg ha
-1

 through Bentonite sulphur along with RDF and it was found 

significantly superior over all the treatments. Similarly maximum N, P, K, S and micronutrient uptake 

and improved quality were observed with application of @ 30 kg ha
-1

 through Bentonite sulphur along 

with RDF followed by the treatment of application of S @ 30 kg ha
-1

 through Gypsum + RDF. 
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1. INTRODUCTION 

Chickpea (Cicer arietinum L.)is the most important grain legume in the world after dry beans 

and dry peas. Its cultivation is mainly confined to Asia with 90 per cent of the global area and 

production. Besides Asia it is also grown in North and Central America, the Mediterranean region, the 

west Asia and North Africa (WANA) region and Eastern Africa. India is top pulse producing country in 

the world. Among pulses chickpea ranks third in the world. The total area under pulses in India has 

increased from 19 million hectares in 1950-51 to 29 million hectares in 2016-17. The total pulse 

production in India was 18.43 million tonnes (2014-15), 19.41 million tonnes (2015-16) and 22.95 

million tonnes (2016-17) (Anonymous, 2017 (b)). India ranks first in Chickpea production. The largest 

gram producing state in India with respect to area are Madhya Pradesh, Maharashtra Uttar Pradesh, 

Andhra Pradesh, Rajasthan, Haryana and Karnataka. Madhya Pradesh rank first in Chickpea 

production. Maharashtra second major Chickpea producing state after Madhya Pradesh. In 

Maharashtra area under Chickpea crop was 13.53 lakh hectares with the production of 11.80 lakh 

tonnes with an average productivity of 872 kg ha
-1

. Therefore, Maharashtra contributes 18.36 per cent 

share in area and 20.03 per cent share in production of chickpea in India. 

Sulphur is the 4
th
 major essential plant nutrient after N, P and K because ofdue to its role in 

the synthesis of proteins, vitamins, enzyme and flavoured compounds in plant. Its amount required by 

the plant is even higher thansimilar to phosphorus and comes afterbut less than N and K. About 90% 

of plant sulphur is present in amino acids viz., Methionine, Cystine, and Cysteine. These amino acids 
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are the building blocks of protein. Sulphur is associated with production of crops of superior nutritional 

and market quality. Sulphur deficiencies have been reported from over 70 countries worldwide 

including India. Soil sulphur deficiency is becoming deficient in soilincreasing due to the use of high-

grade S -free fertilizers, cultivation of high- yielding varieties and lack of industrial activity (Scherer, 

2009). 

 The The rapid depletion of sulphur in sulphur status of Indian as well asand Maharashtra soil 

is pose a significant challenge to agriculture productivity.changing rapidly because of heavy removal 

of the nutrients from the soil under multiple cropping system withthis depletion is primarily driven 

byintensive multiple cropping systemsthat utilize high -yielding fertilizer -responsive varieties. Use of 

sulphur containing fertilizers in soil will be helpful to the farmers in improving growth of plant, 

increasing protein content, yield of chickpea. Sulphur, in chickpea, mainly influences the protein 

content. Sulphur helps towards conversion of nitrogen into protein in pulse crops. Sulphur also 

improves the S containing amino acid in crop and thus enhances the protein content (Das et al., 

2016). 

 In Maharashtra state, isolated attempts were made to work out a critical level of sulphur in the 

soils and plants. In Indian soils sulphur deficiency has been noticed 32.9 % (Shukla et al., 2016), 

while in Maharashtra sulphur deficiency recorded to the extent of 37.48 % while in Vidarbha it was 

noticed 25.76 % (Katkar et al., 2017). SoSo, it is essential to evaluate the effect of sulphur application 

on soil fertility, yield, nutrient uptake and quality of chickpea in black soil. The information generated 

through this investigation will be helpful to apply the sulphur fertilizers to chickpea crop in Vertisols. 

             Keeping all the above facts in view, the present investigation was undertaken with the 

objectives to Determine the critical level of sulphur for optimal chickpea yield study the “Effect of 

sulphur application on yield, uptake and quality of chickpea (Cicer arietinum L.). 

 

 

 

 

2. MATERIALS AND METHODS 

 

The experiment was conducted to study the sulphur requirement of Chickpea crop. The soil 

was analysed for soil properties, plant and seed samples were analysed for nutrient uptake and 

quality of chickpea crop.  

The field experiment was conducted at Pulse Research Unit, Dr.Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola during rabi season 2020-21 to 2022-23. The site is situated at the subtropical 

region at 22
0 

42’ North latitude and 77
0 

02’ East longitude and at an altitude of 307.42 m above mean 

sea level. Initial composite soil sample was collected from the experimental site and analyzed for soil 

properties. The experimental site was slightly alkaline in reaction (7.96), non-saline (0.24 dS m
-1

), 

medium in organic carbon (5.28 g kg
-1

), calcareous in nature (6.87%), low in available N (188.16 kg 

ha
-1

), low in available P (13.65 kg ha
-1

), very high in available K (581.2 kg ha
- 1

), deficient in available 

S (9.82 mg kg
-1

) and sufficient in DTPA - Zn, Fe, Cu and Mn (mg kg
-1

). Treatment details were as T1 
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was Absolute Control, T2 is S-free RDF (N, P2O5, K2O through Urea, DAP, MOP), T3 was RDF (N, 

P2O5, K2O through Urea, SSP, MOP), T4 was  T2 + S @ 10 kg ha
-1

 through Bentonite-Sulphur, T5 

was T2 + S @ 20 kg ha
-1 

through Bentonite-Sulphur, T6 was T2 + S @ 30 kg ha
-1 

through Bentonite-

Sulphur, T7 was T2 +S @ 10 kg ha
-1 

through Gypsum, T8 was T2 +S @ 20 kg ha
-1 

through Gypsum, T9 

was T2 + S @ 30 kg ha
-1 

through Gypsum. The recommended dose of NPK &S fertilizer used were 

20:60:40:30. The plant samples were also collected at maturity stage. The samples were air dried and 

then oven dried at 105°C. The treatment wise samples were ground by using grinding mill and stored 

with proper labelling in brown paper bags. The powered samples were used for the chemical analysis 

of N, P, K, S and micronutrient content which were estimated using modified Kjeldahl’s method 

(AOAC,1995), phosphorous by Ammonium molybdate vanadate (Chapman pratt 1962), potassium by 

using Flame Photometer (Hanway and Heidal 1952), sulphur was estimated from di-acid extract 

turbidimetrically using Spectrophotometer (Chesnin and Yien 1950) and micro nutrients by using AAS 

(Issac and Kerber 1971). The test of statistically significance of the experimental data was carried out  

as per procedure described by (Panse and Sukhatme 1985). 

 

 

3. RESULTS AND DISCUSSION 

 

Yield of Chickpea: The data pertaining to seed yield of chickpea was influenced significantly 

(Table 1). The significantly higher seed yield (24.18 q ha
-1

) of chickpea was recorded with the 

application of S @ 30 kg ha
-1

 through Bentonite sulphur along with RDF (T6) and it was found to be on 

par with treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9), S @ 20 kg ha 
-1

 through Bentonite 

sulphur + RDF (T5). The lowest seed yield of chickpea (14.88 q ha
-1

) was recorded in absolute control. 

Our results are in line with Srinivasulu et al. (2015),reported the effect of sulphur application in 

increasing the seed and straw yield of chickpea, while Das et al. (2016), reported increase in growth, 

plant yield and yield attributing characters of chickpea with increasing sulphur doses.  The increasing 

in yield might be due to the fact that S perform many physiological functions in cystein, methionine 

and chlorophyll synthesis. Thus, these bioactivity bioactivitiesof sulphur might have played important 

role in improving yield attributing characters and yield of chickpea. Similar results were also given by 

Patel et al. (2014). 

Data in (Table 2). The significantly higher straw yield (30.16 q ha
-1

) of chickpea was observed 

with the application of S @ 30 kg ha
-1

 through Bentonite sulphur along with RDF (T6) and it was found 

to be on par with treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9), S @ 20 kg ha 
-1

 through 

Bentonite sulphur + RDF (T5), S @ 20 kg ha
-1

 through Gypsum + RDF (T8). The lowest straw yield of 

chickpea (18.25 q ha
-1

) was recorded in control treatment T1. Jadeja et al. (2016), also reported 

increased seed and straw yield of chickpea with sulphur application as compared to control. 

The increase in seed and straw yield was might be due to increased sulphur availability and 

uptake as well as it's active involvement in synthesis of amino acids, regulation of various metabolic 

and enzymatic processes along with enhanced nitrogen fixation and biomass accumulation which 
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ultimately contributed to growth and yield. Similar finding of increased stover yield with sulphur 

application were also given by Srinivasulu et al. (2015).   

 

 

Nutrient Uptake: 

Nitrogen Uptake: Data pertaining to Nitrogen uptake is given in (Table 3).There is significant 

improvement of nitrogen uptake with inoculation of sulphur treatment and presented in Table 3. The 

significantly highest total nitrogen uptake by chickpea (151.02 kg ha
-1

) was observed with the 

application of S @ 30 kg ha
-1

 through Bentonite sulphur + RDF (T6) and it was found to be at par with 

treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9) and S @ 20 kg ha 
-1

 through Bentonite sulphur 

+ RDF (T5).  The application of sulphur @ 10, 20 and 30 kg sulphur per ha registered increasing trend 

in total nitrogen uptake (123.47 to 151.02 kg ha
-1

) in case of Bentonite sulphur and (117.60 to 142.11 

kg ha
-1

) in case of Gypsum. The application of S @ 30 kg ha
-1

 through Bentonite sulphur + RDF (T6) 

increased 44.39 per cent total nitrogen uptake as compared to S-free treatment.  

The increase in nitrogen content in grain and straw might be due to the synergistic effect of 

both N and S which increased their availability in soil. The increased N uptake as results of S 

application might be due to an increment in protein synthesis and enhance photosynthesis (Yanwen 

Zhao et al.,2013). Patel et al., (2014) reported that application sulphur @ 40 kg ha
-1

 increase the 

nitrogen content in seed and straw respectively. Srinivasulu et al. (2015) reported that increasing 

doses of sulphur significantly increase the uptake of nitrogen, phosphorus, potassium and sulphur. 

These findings are in accordance with Karprekar (2003), Singh et al. (2004), Sindagi (2014) and 

Kumar et al. (2006).  

Phosphorus Uptake: Data pertaining to phosphorous uptake is given in (Table 4). 

Significantly The higher highesttotal phosphorus uptake by chickpea (15.10 kg ha
-1

) was observed 

with the application of S @ 30 kg ha
-1

 through Bentonite sulphur + RDF (T6) and it was found to be at 

par with treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9) and S @ 20 kg ha
-1

 through Bentonite 

sulphur + RDF (T5). The phosphorus uptake by chickpeawas recorded lowest in absolute control (5.76 

kg ha
-1

).The increase in phosphorous uptake with application S is might be due to Synergetic effect  

of sulphur application on phosphorous availability.  These findings are in accordance with the results 

reported by Mir et al. (2013), Bahadur and Tiwari (2014) and Singh et al. (2016). Better root growth 

with proper nutrient supply may be the reason for extraction of available plant nutrient from soil depth 

and ultimately which improve the nutrient content in plant parts. 

Potassium Uptake: Potassium uptake was also significantly improved with inoculation of 

sulphur treatment and presented in (Table 5). The significantly higher potassium uptake by chickpea 

(99.83 kg ha
-1

) was observed with the application of S @ 30 kg ha
-1

 through Bentonite sulphur + RDF 

(T6) and it was found at par with treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9) and S @ 20 

kg ha
-1

 through Bentonite sulphur + RDF (T5). The lowest potassium uptake by chickpea(46.21 kg ha
-

1
) was recorded in control treatment T1. Sulphur application might increase the availability of most of 

nutrient by reduction of pH of soil. This is may be reason of increased potassium uptake. The results 
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content and uptake of potassium are in agreement with the findings reported by Singh et al. (2013), 

Das et al. (2016), Sindagi (2014), Mondal et al. (2005) and Solanki et al. (2017). 

Sulphur Uptake: The data showed in (Table 6). indicated thatthe significantly highest sulphur 

uptake by chickpea seed (20.02 kg ha
-1

) was recorded with the application of S @ 30 kg ha
-1

 through 

Bentonite sulphur + RDF (T6) and it was found to be on par with treatment S @ 30 kg ha
-1

 through 

Gypsum + RDF (T9). The lowest sulphur total uptake by chickpea grain (8.35 kg ha
-1

) was recorded in 

absolute control. Increase in the sulphur content in seed and straw of chickpea might be due to 

application of increasing doses of sulphur. Similar results were also reported by Bahadur and Tiwari 

(2014); Singh et al. (2008); Patel et al. (2014); Kumar et al. (2006) and Chiaiese et al., (2004) 

reported about the increment sulphur content in seed and stover of chickpea with the application of 

sulphur. Application of sulphur resulted in increased nitrogen fixation which might have potentially 

promoted production of higher amount boosting of above grounds dry matter that could have led to 

higher acquisition of nutrients ultimately resulted in higher nutrient content in seed and stover. Higher 

nutrient coupled with higher seed and stover yield lead to higher nutrient uptake. Similar data 

regarding increase in the uptake of sulphur in seed and straw of chickpea with increasing doses of 

sulphur was reported by Kala et al. (2017); Srinivasulu et al. (2015) and Islam and Ali (2009). When 

sulphur in bentonite-S comes into contact with soil moisture it breaks apart into fragments of fine 

dimension, which allows swift solubilization of S and gypsum has very low solubility. Hence availability 

and uptake sulphur is high with bentonite S as compared to sulphur with gypsum. 

 Zinc Uptake: Data pertaining to zinc uptake is given in (Table 7). Zinc Uptake was also 

significantly improved with application of sulphur treatment. The highest total zinc uptake (138.95 g 

ha
-1

) by chickpea was observed in treatment of application of S @ 30 kg ha
-1

 through Bentonite 

sulphur + RDF (T6) and it was found to be at par with treatment S @ 30 kg ha
-1

 through Gypsum + 

RDF (T9) and S @ 20 kg ha
-1

 through Bentonite sulphur + RDF (T5). The lowest total zinc uptake by 

chickpea crop (76.45 g ha
-1

) was recorded in control treatment T1. Sulphur application increased plant 

Zn uptake as solubility of Zn increases with decrease in soil pH. The results are corroborated with the 

findings reported by Sindagi (2014); Yoo and James, (2003), and Cui Wang, (2005),  

 Iron Uptake: The data regarding Iron uptake is presented in (Table 8) indicated that it is 

significantly improved with sulphur application. The highest total iron uptake by chickpea (313.88 g ha
-

1
) was observed with the application of S @ 30 kg ha

-1
 through Bentonite sulphur + RDF (T6) which 

was followed by treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9) and S @ 20 kg ha 
-1

 through 

Bentonite sulphur + RDF (T5). The lowest total iron uptake by chickpea crop (181.83 g ha
-1

) was 

recorded in treatment absolute control. Sulphur application resulted in significant increasedincrease in 

Fe uptake is mainly due to acidification effect produced as result of sulphur application. The results 

are in accordance with the findings reported by Sindagi (2014). Sulphur application resulted in an 

increased in Fe uptake as a recorded by Malewar and Ismail (1997).  

 Manganese Uptake: The data presented in (Table 9) indicated that there was significant 

improvement in total uptake of manganese (140.24 g ha
-1

) by chickpea with application of treatment S 

@ 30 kg ha
-1

 through Bentonite sulphur + RDF (T6) which was followed by treatment S @ 30 kg ha
-1

 

through Gypsum + RDF (T9) and S @ 20 kg ha
-1

 through Bentonite sulphur + RDF (T5). The lowest 



 

 

manganese uptake by chickpea (78.42 g ha
-1

) was recorded in control treatment T1.   There was 

significant increase in Mn uptake due to S application which concide with finding of Rahman et al. 

(2011) who observed that an increase in Mn uptake by corn plant with the application elemental S as 

result of soil acidification although temporary. The similar findings was reported by Sindagi (2014).   

 Copper Uptake: Data pertaining to Copper uptake is given in (Table 10). Significantly highest 

uptake of copper (45.48 g ha
-1

) by chickpea was observed in treatment application of S @ 30 kg ha
-

1
through Bentonite sulphur + RDF (T6) and it was found to be at par with treatment S @ 30 kg ha

-1
 

through Gypsum + RDF (T9) and S @ 20 kg ha 
-1

 through Bentonite sulphur + RDF (T5). Sulphur 

application resulted in a significant increase in copper uptake, which is in line with previous finding 

and mainly due to acidification effect produced as a result of S application. Ghosh et al., (2000) and 

Rahman et al., (2011). The results are in accordance with the findings reported by Sindagi et al. 

(2014).   

 

Quality of chickpea: The test weight (Table 11) of chickpea seed was found to vary from 

20.46 to 25.11 g. Test weight (100 seed) was found to increase with the application of increasing 

doses of sulphur. The significantly highest test weight in chickpea seed (25.11 g) was recorded in 

treatment S @ 30 kg ha
-1

 through Bentonite sulphur + RDF (T6) and it was found to be at par with 

treatment S @ 30 kg ha
-1

 through Gypsum + RDF (T9). The lowest test weight in chickpea seed 

(20.46) was recorded in control treatment T1. The application of increasing dose of sulphur from 10 to 

30 kg S per ha on sulphur deficient soils increased the test weight of chickpea linearly from 22.35 to 

25.11 g with Bentonite sulphur and from 22.12 to 24.58 g with Gypsum, respectively. 

Data pertaining to Protein Content (%) is given in (Table 12). The protein content of chickpea 

seed was found to vary from 18.98 to 21.13 % in all treatment. Data pertaining to protein yield (kg ha
-

1
) is given in (Table 13). The protein yield of chickpea seed was found to vary from 282.0 to 510.8 kg 

ha
-1

due to application of sulphur. Data revealed that the protein content (%) and protein yield (kg ha-

1) in (Table 12 and 13) were affected due to application of sulphur application might be due to 

increased sulphur and nitrogen availability which help in synthesizing some sulphur containing amino 

acids like Homocysteine, Cysteine and methionine, thus resulting in increased synthesis of protein. 

Similar findings were also reported by Kaisher et al. (2010); Patel et al. (2010) and Singh (2008) 

reported that combined application of S (20 kg ha
-1

 recorded significantly higher protein content over 

control. Ram and Katiyar (2013) revealed that increase in S levels from 0 to 40 kg ha
-1

 significantly 

increased the protein content (23.92 and 24.07%). 

 

 

 

 

 

 

 

 



 

 

 

Table 1: Seed yield of chickpea as influenced by sulphur application 

Treatments Seedyield(q ha
-1

) % 
Response 
over 
control 

% 
increase 
over S 
free RDF 

  
2020-21 2021-22 2022-23 

Pooled 
Mean 

1 Absolute control  16.52 13.80 14.33 14.88   

2 S free RDF (NPK through 
Urea, DAP, MOP) 

17.84 20.40 18.91 19.05 28.0  

3 RDF (NPK through Urea, SSP, 
MOP) 

18.75 23.96 21.05 21.26 42.8 11.58 

4 T2 + S @ 10 kg ha
-1

 through 
Bentonite Sulphur  

19.93 23.56 20.67 21.39 43.7 12.29 

5 T2 + S @ 20 kg ha 
-1

 through 
Bentonite Sulphur  

22.80 24.86 22.53 23.40 57.2 22.82 

6 T2 + S @ 30 kg ha
-1

 through 
Bentonite Sulphur  

23.26 25.58 23.70 24.18 62.5 26.94 

7 T2 + S @ 10 kg ha
-1

 through 
Gypsum  

18.70 23.35 20.25 20.76 39.5 9.01 

8 T2 + S @ 20 kg ha
-1

 through 
Gypsum  

19.27 24.45 22.00 21.91 47.2 15.01 

9 T2 + S @ 30 kg ha
-1

 through 
Gypsum  

22.00 25.35 23.10 23.48 57.8 23.28 

 SE (m) + 1.11 0.66 1.00 0.72   

 CD at 5% 3.34 1.99 3.02 2.15   

 CV 9.70   5.04   8.43   5.86    

 

 

 

 

Table 2: Straw yield of chickpea as influenced by sulphur application 

 

 

Treatments 

Straw yield (q ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  20.26 17.25 17.23 18.25 

2 S free RDF (NPK through Urea, DAP, MOP) 21.97 25.49 23.43 23.63 

3 RDF (NPK through Urea, SSP, MOP) 22.51 29.95 26.14 26.20 

4 T2 + S @ 10 kg ha
-1

 through Bentonite Sulphur  24.20 29.38 26.11 26.56 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite Sulphur  26.72 31.09 28.51 28.77 

6 T2 + S @ 30 kg ha
-1

 through Bentonite Sulphur  27.81 31.98 30.70 30.16 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  22.87 29.19 25.29 25.79 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  23.38 30.58 27.51 27.16 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  25.70 31.72 28.87 28.76 

 SE (m) + 1.11 0.86 1.21 0.94 

 CD at 5% 3.33 2.57 3.64 2.82 



 

 

 

 

Table 3: Total uptake of N (kg ha
-1

) of chickpea as influenced by sulphur application  

Treatments 
Total uptake of N (kg ha

-1
) 

2020-21 2021-22 2022-23 Pooled Mean 

1 Absolute control 86.49 76.11 74.51 79.03 

2 S free RDF (NPK through Urea, DAP, MOP) 96.39 115.30 102.07 104.59 

3 RDF (NPK through Urea, SSP, MOP) 107.19 143.25 118.67 123.04 

4 T2 + S @ 10 kg ha
-1

 through Bentonite Sulphur  112.44 139.35 118.62 123.47 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite Sulphur  134.18 153.19 134.68 140.68 

6 T2 + S @ 30 kg ha
-1

 through Bentonite Sulphur  141.38 162.83 148.86 151.02 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  103.30 135.58 113.92 117.60 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  113.03 149.05 128.60 130.22 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  129.66 157.29 139.38 142.11 

 SE (m) + 6.35 5.38 5.46 4.16 

 CD at 5% 19.03 16.13 16.36 12.47 

 

 

 

 

 

 

Table 4: Total uptake of P (kg ha
-1

) of chickpea as influenced by sulphur application  

Treatments 

Total uptake of P (kg ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  6.32 6.08 4.87 5.76 

2 S free RDF (NPK through Urea, DAP, 
MOP) 

7.85 10.31 9.70 9.29 

3 RDF (NPK through Urea, SSP, MOP) 9.16 13.23 12.55 11.65 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  

9.45 12.51 11.86 11.27 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  

11.95 14.50 14.32 13.59 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur 

13.38 15.50 16.41 15.10 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  8.86 11.92 10.14 10.31 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  9.38 13.73 13.28 12.13 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  12.31 14.87 15.12 14.10 

 SE (m) + 0.58 0.72 1.01 0.52 

 CD at 5% 1.75 2.17 3.04 1.55 



 

 

 

 

Table 5: Total uptake of K (kg ha
-1

) of chickpea as influenced by sulphur application 

 

Treatments 

Total uptake of K (kg ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  49.23 45.54 43.88 46.21 

2 S free RDF (NPK through Urea, DAP, MOP) 55.40 69.48 64.28 63.05 

3 RDF (NPK through Urea, SSP, MOP) 66.00 95.39 85.59 82.33 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  

66.97 88.88 79.95 78.60 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  

80.52 99.78 94.77 91.69 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur  

87.48 107.00 104.99 99.83 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  62.03 85.76 75.51 74.43 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  66.26 94.32 87.38 82.65 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  79.47 103.05 98.16 93.56 

 SE (m) + 3.40 2.63 4.34 3.10 

 CD at 5% 10.18 7.88 13.01 9.26 

 

 

 

Table 6: Total uptake of S (kg ha
-1

) of chickpea as influenced by sulphur application  

Treatments 

Total uptake of S (kg ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control 8.65 7.83 8.57 8.35 

2 S free RDF (NPK through Urea, DAP, MOP) 10.05 12.54 12.20 11.60 

3 RDF (NPK through Urea, SSP, MOP) 11.79 17.08    15.29 14.72 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  11.61 15.85 

15.21 
14.22 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  15.65 18.73 

18.37 
17.59 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur  17.29 20.91 

21.85 
20.02 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  10.70 15.29 14.04 13.34 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  12.55 17.92 17.33 15.93 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  14.99 20.11 19.39 18.17 

 SE (m) + 0.86 1.00 0.99 0.62 

 CD at 5% 2.59 3.00 2.99 1.85 

 

 

 



 

 

 

 

Table 7: Total uptake of Zn (g ha
-1

) of chickpea as influenced by sulphur application  

Treatments 
Total uptake of Zn (g ha

-1
) 

2020-21 2021-22 2022-23 Pooled Mean 

1 Absolute control 84.21 71.74 73.40 76.45 

2 S free RDF (NPK through Urea, DAP, MOP) 92.86 107.84 99.68 100.12 

3 RDF (NPK through Urea, SSP, MOP) 98.24 129.70 113.68 113.87 

4 T2 + S @ 10 kg ha
-1

 through Bentonite Sulphur  106.90 130.02 116.01 117.64 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite Sulphur  122.78 140.26 128.97 130.67 

6 T2 + S @ 30 kg ha
-1

 through Bentonite Sulphur  128.97 147.63 140.26 138.95 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  99.77 128.88 112.22 113.62 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  104.60 137.88 124.83 122.44 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  120.18 146.16 134.45 133.60 

 SE (m) + 5.49 3.83 6.31 4.08 

 CD at 5% 16.47 11.47 18.90  12.22 

 

 

 

 

  

Table 8:  Total uptake of Fe (g ha
-1

) of chickpea as influenced by sulphur application  

Treatments 

Total uptake of Fe (g ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  200.83 172.52 172.15 181.83 

2 S free RDF (NPK through Urea, DAP, 
MOP) 218.84 257.19 236.45 237.49 

3 RDF (NPK through Urea, SSP, MOP) 229.49 305.08 265.96 266.84 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  246.74 301.92 265.86 271.51 

5 T2 + S @ 20 kg ha 
-1

 through 
Bentonite Sulphur  280.25 321.87 293.27 298.46 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur  292.56 334.05 315.02 313.88 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  232.05 299.70 258.45 263.40 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  240.23 316.36 283.70 280.10 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  272.83 330.97 300.59 301.46 

 SE (m) + 13.23 10.15 14.24 9.40 

 CD at 5% 39.66 30.41 42.68 28.18 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Table 9: Total uptake of Mn (g ha
-1

) of chickpea as influenced by sulphur application  

Treatments 

Total uptake of Mn (g ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  85.68 74.45 75.13 78.42 

2 S free RDF (NPK through Urea, DAP, 
MOP) 93.68 111.19 101.06 101.98 

3 RDF (NPK through Urea, SSP, MOP) 98.67 132.68 114.74 115.36 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  107.48 133.10 116.97 119.18 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  123.18 143.78 130.03 132.33 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur  129.41 150.20 141.12 140.24 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  100.81 131.93 113.44 115.40 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  105.07 140.19 125.58 123.61 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  120.43 148.12 134.25 134.27 

 SE (m) + 5.14 5.03 6.39 4.13 

 CD at 5% 15.40 15.09 19.15 12.39 

 

Table 10: Total uptake of Cu (g ha
-1

) of chickpea as influenced by sulphur application  

Treatments 

Total uptake of Cu (g ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  21.48 18.48 19.00 19.65 

2 S free RDF (NPK through Urea, DAP, 
MOP) 24.75 29.87 27.33 27.31 

3 RDF (NPK through Urea, SSP, MOP) 27.62 37.49 33.09 32.73 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  31.56 39.93 34.79 35.43 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  38.71 45.31 41.29 41.77 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur  41.93 49.01 45.49 45.48 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  29.44 39.27 33.51 34.07 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  32.44 44.14 39.01 38.53 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  38.70 48.02 43.28 43.33 

 SE (m) + 2.33 1.58 1.94 1.26 

 CD at 5% 6.97 4.75 5.80 3.79 

 



 

 

 

 

 

Table 11: Test weight (g/100 seeds) of chickpea as influenced by sulphur application  

Treatments 

Test weight (g/100 seeds) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 
Absolute control  

19.95 20.23 21.19 20.46 

2 S free RDF (NPK through Urea, DAP, MOP) 20.47 22.92 21.87 21.75 

3 RDF (NPK through Urea, SSP, MOP) 21.69 24.18 23.64 23.17 

4 T2 + S @ 10 kg ha
-1

 through Bentonite 
Sulphur  21.20 23.69 22.15 22.35 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  21.81 24.47 23.09 23.12 

6 T2 + S @ 30 kg ha
-1

 through Bentonite 
Sulphur  24.55 25.67 25.10 25.11 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  20.89 23.47 22.00 22.12 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  21.33 24.08 22.81 22.74 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  24.05 25.27 24.43 24.58 

 SE (m) + 0.54 0.59 0.57 0.30 

 CD at 5% 1.64 1.76 1.70 0.90 

 

Table 12: Protein content (%) of chickpea as influenced by sulphur application  

Treatments 

Protein content (%) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 
Absolute control  

18.58 19.46 18.91 18.98 

2 S free RDF (NPK through Urea, DAP, MOP) 19.20 19.77 19.63 19.53 

3 RDF (NPK through Urea, SSP, MOP) 19.59 20.71 19.92 20.07 

4 T2 + S @ 10 kg ha
-1

 through Bentonite Sulphur  20.03 19.94 20.17 20.04 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite 
Sulphur  20.41 20.76 20.80 20.66 

6 T2 + S @ 30 kg ha
-1

 through Bentonite Sulphur  20.95 21.09 21.34 21.13 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  19.92 19.90 20.02 19.95 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  20.22 20.55 20.68 20.48 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  20.68 20.87 20.93 20.83 

 SE (m) + 0.45 0.39 0.34 0.13 

 CD at 5% 1.34 1.18 1.03 0.39 

 

 

 



 

 

 

 

 

Table 13: Protein yield (kg ha
-1

) of chickpea as influenced by sulphur application  

Treatments 

Protein yield (kg ha
-1

) 

2020-21 2021-22 2022-23 
Pooled 
Mean 

1 Absolute control  306.82 268.90 270.23 282.0 

2 S free RDF (NPK through Urea, DAP, MOP) 341.82 403.20 370.42 371.8 

3 RDF (NPK through Urea, SSP, MOP) 367.15 496.10 420.19 427.8 

4 T2 + S @ 10 kg ha
-1

 through Bentonite Sulphur  398.78 470.00 416.30 428.4 

5 T2 + S @ 20 kg ha 
-1

 through Bentonite Sulphur  466.37 515.80 467.67 483.3 

6 T2 + S @ 30 kg ha
-1

 through Bentonite Sulphur  487.07 539.50 505.78 510.8 

7 T2 + S @ 10 kg ha
-1

 through Gypsum  371.76 464.20 405.50 413.8 

8 T2 + S @ 20 kg ha
-1

 through Gypsum  390.22 502.60 454.68 449.2 

9 T2 + S @ 30 kg ha
-1

 through Gypsum  455.02 528.70 483.60 489.1 

 SE (m) + 21.15 16.27 20.33 14.11 

 CD at 5% 13.39 48.78 60.94 42.31 

 

 

4. CONCLUSION 

On the basis of the above findings, it may canbe concluded that among the various treatments 

combinations, the application of S @ 30 kg ha
-1

 through Bentonite sulphur along with RDF exhibited 

better performance in chickpea crop thereby influencing the yield, uptake and quality were 

significantly at T6 .The significantly highest grain yield (24.18 q ha
-1

) and straw yield (30.16 q ha
-1

) 

were recorded with the application of S @ 30 kg ha
-1

 though Bentonite sulphur along with RDF and 

the lowest seed yield (14.88 q ha
-1

) and straw yield (18.25 q ha
-1

) was recorded in treatment absolute 

control. Similarly, highest N, P, K, S and micronutrient uptake and quality parameters like test weight, 

protein (%) and protein yield (kg ha
-1

) were observed with application of @ 30 kg ha
-1

through 

Bentonite sulphur along with RDF followed by the treatment of application of S @ 30 kg ha
-1

 through 

Gypsum + RDF.These results suggest that optimizing sulfur application along with RDF fertilizer can 

be a promising strategy for sustainable yield and quality improvement in chickpea production. 

 

REFERENCES 

 

Anonymous, (2017) b. Agricultural Statistics at a Glance, (2016). Directorate of Economics and 

Statistics, Ministry of Agriculture Govt. of India (Website http://www.dacnet.nic.in/ean.). 

AOAC. (1960). Official Methods of analysis (18
th
 ed.) Association of official agricultural chemists, 

Washington. 

Formatted: Default Paragraph Font, Font:
(Default) Arial, 10 pt

http://www.dacnet.nic.in/ean


 

 

Bahadur, Lal and Tiwari, D.D. (2014). Nutrient management in mungbean (Vigna radiata L.) through 

sulphur and biofertilizers. Legume Research.37 (2): 180-187. 

Chapman, H.D. and Pratt, P.F. (1962). Methods of analysis for soils,plants and water, University of 

California Agriculture Division. Page nuber. 

Chesnin, L., & Yien, C. H. (1951). Turbidimetric determination of available sulfates. Soil Science 

Society of America Journal, 15(C), 149-151. 

Chiaiese, P., Ohkama-Ohtsu, N., Molvig, L., Godfree, R., Dove, H., Hocart, C., Fujiwara, T., Higgins, 

T. J. V. and Tabe, L. (2004). Sulphur and nitrogen nutrition influence the response of 

chickpea seeds to an added, transgenic sink for organic sulphur. Journal of Experimental 

Botany.55(404): 1889-1901. 

Cui Y. and Wang Q. (2005): Interactive effect of Zn and S on their uptake by spring wheat. Journal of 

Plant Nutrition, 28: 639−649. 

Das, S.K., B. Biswas. and K. Jana, (2016). Effect of farm yard manure, phosphorus and sulphur on 

yield parameters, yield, nodulation, nutrient uptake and quality of chickpea (Cicer arietinum 

L.). Journal of Applied and Natural Sciences.8 (2): 545-549. 

Das, S.K., Chopra, P., Chatterjee, S.R., Abrol, Y.P. and -Deb, D.L. (1975) Influence of sulphur 

fertilization on yield of maize and protein quality of cereals. Fertilizers News. 20(3): 30 - 32. 

Ghosh P.K., Hati K.M., Mandal K.G., Misra A.K., Chaudhry R.S., Bandyopadhyay K.K. (2000). 

Sulphur nutrition in oilseeds and oilseedbased cropping systems. Fertilizer News, 45: 

27−40. 

Hanway, J. and Heidal, H. S. (1952). Soil testing laboratory procedures. Jowa Agriculture,57:1-31.  

Isaac, R. A. and Kerber, J. D. (1971). Atomic absorption and flame photometry: Techniques and uses 

in soil, plant, and water analysis. Instrumental methods for analysis of soils and plant tissue. 

17-37. 

Islam, M. and S. Ali. (2009). Effect of integrated application of sulphur and phosphorus on nitrogen 

fixation and nutrient uptake by chickpea (Cicer arietinum L.). Agrociencia Journal. 43 (8): 

815-826 

Jackson, M. T. and Faller, A. (1973). Structural analysis and dynamics of the plant communities of 

Wizard Island, Crater Lake National Park. Ecological Monographs, 43(4), 441-461. 

Jackson, W. A., Flesher, D., & Hageman, R. H. (1973). Nitrate uptake by dark-grown corn seedlings: 

some characteristics of apparent induction. Plant Physiology, 51(1), 120-127. 

Jadeja, A.S., A.V. Rajani, Foram, Chapdiya, S.C. Kaneriya, and N.R. Kavar, (2016). Soil application 

of potassium and sulphur and effect on growth and yield components of chickpea (Cicer 

arietinum L.) under south Saurashtra region of Gujarat. International Journal of Science 

Environment and Technology.5 (5): 3172-3176. 

Kaisher, M. S., Rahman, M. A., Amin, M. H. A., Amanullah, A. S. M. and Ahsanullah, A. S. M. (2010). 

Effects of sulphur and boron on the seed yield and protein content of mung 

bean. Bangladesh Research Publications Journal. 3(4), 1181-1186. 



 

 

Kala, D.C., R.N. Dixit, S.S. Meena, G. Nanda and R. Kumar. (2017). Effect of graded  doses of 

sulphur and boron on yield attributes and nutrient uptake by chickpea. International Journal 

of Current Microbiology and Applied Science. 6 (6), 55-60. 

Kaprekar, N., D.S. Sasode, and A. Patil. (2003). Yield, nutrient uptake and economics of gram (Cicer 

arietinum L.) as influenced by phosphorus and sulphur levels and PSB inoculation under 

irrigated conditions. Legume Research.26: 125-127. 

Katkar, R.N., V.K. Kharche, S.R. Lakhe, P.R. Deshmukh, A.K. Shukla, Pankaj Tiwari, A.B. Aage and 

A.D. Kadlag. (2017). Geographical Information based Micro and Secondary nutrients in soils 

of Maharashtra. Dr. P.D.K.V., Akola. Bulletin No. 491: 10. 

Kumar, Ashok, Prasad, Shambhu. and S.B. Kumar. (2006). Effect of boron and sulphur on 

performance of gram (Cicer arietinum L.). Indian Journal Agronomy.51 (1): 57-59. 

Malewar G.U., Ismail S. (1997): Sulphur in balanced fertilization in western India. In: Proceedings of 

the TSI/FAI/IFA Symposium on Sulphur in Balanced Fertilization, New Delhi, 14. 

Mir, A.H., S.B. Lal, M. Salmani, M. Abid and I. Khan. (2013). Growth, yield and  nutrient content of 

black gram (Vigna mungo) as influenced by levels of phosphorus, sulphur and phosphorus 

solubilizing bacteria. SAARC Journal of Agriculture.11 (1): 1-6. 

Mondal, S.S., P. Mandal, M. Saha, A. Bag, S. Nayak and G. Sounda. (2005). Effect of potassium and 

sulphur on the productivity, nutrient uptake and quality improvement of chickpea. Journal of 

Crop and Weed. 2 (1): 64-66. 

Panse, V. G. And P. V. Sukhantme. (1985). Statistical method of Agricultural. Indian council of 

Agricultural research, New Delhi. 

Patel, H. K., Patel, P. M., Suthar, J. V. and Patel, M. R. (2014). Yield, Quality and Post Harvest 

Nutrient Status of Chickpea as Influence by Application of Sulphur and Phosphorus Fertilizer 

Management. International Journal of Scientific and Research Publications, 4 (7), 1-4. 

Rahman M.M., Soaud A.A., Al Darwish F.H. and Sofian-Azirun M. (2011). Responses of sulfur, 

nitrogen and irrigation water on Zea mays growth and nutrients uptake. Australian Journal of 

Crop Science.5: 350–360. 

Ram, S. and Katiyar, T. P. S. (2013). Effect of sulphur and zinc on the seed yield and protein content 

of summer mung bean under arid climate. International Journal of Natural Sciences. 4(3), 

563-566. 

Scherer, H.W. (2009). Sulfur in soils. Journal Plant Nutrition Soil Science.,172: 326–335 

Shukla, A.K., P. Tiwari, S. Siddiqqui, A.K. Patra and S.K. Chaudhary. (2016). Micro and  Secondary 

nutrients in Indian soils, condition of deficiency, prevention and   recommendations. Indian 

institute of soil science. Bhopal.3: 25. 

Sindagi, A.S. (2014). Studies on levels of phosphorus and sulphur on yield, quality and uptake of 

nutrients by chickpea in a Vertisol under irrigation. M.Sc Thesis. University of Agricultural 

Sciences, Dharwad. 

Singh A.K., M.K. Meena, R.C. Bharati and R.M. Gade. (2013). Effect of sulphur and zinc management 

on yield, nutrient uptake, changes in soil fertility and economics in rice (Oryza sativa)-lentil 

(Lens culinaris) cropping system.Indian Journal of Agricultural Sciences.83 (3): 344–348. 

Comment [N13]: It would be beneficial to 
update the reference list with more recent 

publications 



 

 

Singh, A. K., Meena, M. K. and Bharati, R. C. (2008). Sulphur and Zinc Nutrient Management in rice-

lentil cropping system. International Conference on “Life Science Research for Rural and 

Agricultural Development” (pp 66-67). 27-29 December, 2011, CPRS Patna (Bihar). 

Singh, S., Bawa, S. S., Singh, S., Sharma, S. C. and Sheoran, P. (2008). Productivity, profitability and 

sustainability of rain-fed chickpea under inorganic and biofertilization in foothills of north-

west Himalayas. Archives of Agronomy and Soil Science, 61(8), 1151-1163. 

Singh, S., S.S. Saini and B.P. Singh. (2004). Effect of irrigation, sulphur and seed inoculation on 

growth, yield and sulphur uptake of chickpea (Cicer arietinum) under late sown conditions. 

Indian Journal Agronomy.49 (1): 57-59. 

Solanki, S., Pamu and M.S. Solanki. (2017). Effect of sulphur and zinc on content and uptake of 

nutrients of summer green gram (Vigna radiata l. Wilezeck) under medium black calcareous 

soils. International Journal of Agricultural Sciences and Research.7: 657-662. 

Srinivasulu, D. V., Solanki, R. M., Kumar, N. N., Bhanuprakash, M. and Vema raju, A. (2016). Effect of 

irrigation based on IW/CPE ratio and sulphur levels on yield and quality of gram (Cicer 

arietinum L.). Legume Research. 39 (4), 601-604. 

Srinivasulu, D.V., R.M. Solanki, C.R. Kumari, and M.V. Babu. (2015). Nutrient uptake, yield and 

protein content of chickpea (Cicer arietinum L.) as influenced by irrigation and sulphur levels 

in medium black soils. International Journal of Agricultural Sciences.11: 54-58. 

Tiwari, B. K and Tripathi, P. N. (2014). Yield gap analysis of chickpea (Cicer arietinum) through front 

line demonstration on farmer's fields. The Journal of Rural and Agricultural Research, 14(1), 

5-8. 

Yan wen., Zhao, Y. and Wang, J. (2013). Suitable water and nitrogen treatment improves soil 

microbial biomass carbon and nitrogen and enzyme activities of paddy field. Transactions of 

the Chinese Society of Agricultural Engineering, 29 (21), 91-98. 

Yoo M.S. and James B.R. (2003): Zinc exchangeability as a function of pH in citric acid-amended 

soils. Soil Science, 168: 356–367. 

 

 


