



 Effect of sulphur and boron on nutrient uptake by Chickpea (Cicer arietinum  L.)
ABSTRACT: An experiment entitled “Effect of sulphur and boron on growth, yield and nutrient uptake of chickpea (Cicer arietinum L.)” was conducted at ICAR- Krishi vignyan Kendra, Kalaburagi during Rabi 2023. The experiment was laid out in RCBD with ten treatments replicated thrice. The experimental results revealed that T10 - RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax recorded significantly higher total uptake of nitrogen (93.41 kg ha-1), phosphorus (22.77 kg ha-1), potassium (54.23 kg ha-1), sulphur (21.12 kg ha-1), boron (42.28 g ha-1) and total uptake of iron, manganese, zinc and copper status of plant (251.89, 110.28, 68.6 and 40.68 g ha-1 respectively  in chickpea).  However it was on par with T9 - RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax, T8 - RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax  and T7 - RPP +20kg ha-1 Sulphur + 2.5 kg ha-1 Borax.   Significantly lowest  total uptake of nutrients was recorded in (T1) absolute control.

INTRODUCTION
Chickpea (Cicer arietinum L.) is the most important ancient pulse crop being traditionally grown during Rabi in India and cultivated mainly in semi-arid and warm temperate regions of world where the temperature is 20-300 C (Reddy, 2009). Chickpea has a considerable amount of protein (23 %), carbohydrate (63 %), fat (5 %), crude fiber (6 %), ash (3 %), dietary fiber unsaturated fatty acids such as linoleic and oleic acid and minerals such as calcium, magnesium, phosphorous and especially potassium. The protein quality of chickpea is believed to be superior to that of other pulses. It can be utilized to make nutritionally value- added foods, which can then be used to feed low income people in developing countries. (Mula et al., 2011).

The role of sulphur helps in the formation of plant proteins, and it is essential for the formation of chlorophyll and improves root growth. Sulphur is involved in the formation of vitamins and enzymes required for the plant to conduct its biochemical processes. A deficiency of sulphur affects a plant’s protein synthesis, structure, and chlorophyll production  and overall plant development and growth are stunted. Sulphur deficiency in Indian soil adversely affect crop production besides recommended dose of NPK fertilizers application (Surendra and Singh, 2008)..

Boron is a important  micronutrient critical to the growth and health of all crops. It is a component of plant cell walls and reproductive structures. It is a mobile nutrient within the soil, meaning it is prone to movement within the soil. Because it is required in small amounts, it is important to deliver B as evenly as possible across the field.  Boron plays an important role in new cell development in meristemetic tissues, proper pollination and fruit or seed formation and nodule formation in legumes (Verma et al., 2004). It is also involved in cell wall formation, cell division and maintenance of structural and functional integrity of biological membranes, translocation of sugars, synthesis of amino acid, protein, carbohydrate metabolism and movement of N, P, starch and sugar (Marschner, 1986). Deficiency of boron causes inhibition of cell expansion, death of meristem, and reduced fertility. Despite the need for this critical nutrient, B is the second most widespread micronutrient deficiency problem worldwide after zinc. The impact of nitrogen and sulphur application on quality parameter and yield was highly significant in mustard (Sharma et al., 2023). Soil application of sulphur (20 kg ha-1 ) through bentonite sulphur @ 22 kg ha-1 , foliar application of zinc (0.5 %) through zinc sulphate @ 2.5 kg ha-1 and foliar spray of boron (0.1 %) through solubor @ 0.5 kg ha-1 along with recommended dose of fertilizers became determined superior not only in increasing the fruit yield however additionally improved quality and economics of watermelon crop (Adarsh et al., 2024).

MATERIAL AND METHODS
A field experiment entitled “Effect of sulphur and boron on growth, yield and nutrient uptake of chickpea (Cicer arietinum L.)” was carried out during Rabi season, 2023-24 at institutional farm of ICAR-Krishi Vigyan Kendra, Kalaburagi which belongs to North Eastern Dry Zone (Zone-2) of Karnataka state. The details of material used and experimentation methods followed during the course of investigation are presented in this chapter.

            Experimental conducted in a RCBD (Randomized complete block design) method having ten treatments and three replications with a spacing of 30 cm x 10 cm. The treatments comprised of T1- Absolute control, T2  -  RPP (10:25:00; N:P2O5:K2O: kg ha-1),T3  - RPP + 20 kg ha-1 Sulphur, T4  - RPP + 30 kg ha-1 Sulphur, T5  - RPP + 2.5 kg ha-1 Borax, T6  - RPP + 5 kg ha-1 Borax, T7  - RPP + 20 kg ha-1 Sulphur + 2.5 kg ha-1 Borax, T8  - RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax, T9  - RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax, T10 - RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax, T11  - Absolute control.Recommended dose of FYM was applied to all the treatment, except control. The fertilizer recommendation for chickpea was followed as per recommended package of practice (POP) of University of Agricultural Sciences, Raichur (10:25:00 Kg N: P2O5: K2O per hectare). Variety Super Annigeri Rainfall during crop growth period was 332 mm from January to January, 2023-24. The maximum and minimum air temperature during crop growth period (May 2023 and January 2023-24) 38.01 0C and 16.71 0C, respectively. Observations on growth and yield parameters were recorded as per standard procedures. The nutrient availability (N, P and K as per the standard procedure given by Jackson, 1973) and uptake were recorded at harvest stage of crop. The cost of cultivation was computed taking into consideration the cost of various operations and inputs used for raising the crop. The gross returns computed using the prevailing market price for the produce. The net returns were computed by deducting the cost of cultivation from the gross returns. The benefit cost ratio was worked out by dividing the gross returns by cost of cultivation. The experimental data recorded were analysed statistically as per Analysis of Variance (ANOVA) technique suggested by Gomez and Gomez (1984).
RESULTS AND DISCUSSION
Total uptake of nitrogen by chickpea 
The uptake of nitrogen by chickpea crop as influenced different levels of sulphur and boron is showed in Table 1.

Significantly higher total uptake of nitrogen (93.41 kg ha-1) at harvest was recorded in the T10 treatment with application of RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax and it was on par with treatment T9 which received RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax (88.25 kg ha-1) and followed by T8 which received RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax (87.66 kg ha-1) and T7 where, RPP + 20 kg ha-1 Sulphur + 2.5 kg ha-1 Borax (34.09 kg ha-1). However, lowest total uptake of nitrogen (38.24 kg ha-1) was recorded in T1: (absolute control) as compared to other treatments.

The significantly higher total nitrogen uptake (93.41 kg ha-1) recorded in the T10 treatment (recommended package of practice + 30 kg ha-1 sulphur + 5 kg ha-1 borax) can be attributed to the synergistic effects of sulphur and boron on plant health and nutrient efficiency. Sulphur plays a crucial role in nitrogen metabolism by enhancing the synthesis of amino acids and proteins essential for nitrogen assimilation. This improved metabolic efficiency allows the plant to better utilize available nitrogen, increasing its total uptake and incorporation into plant tissues. Boron further supports nitrogen uptake by facilitating nutrient transport within the plant, enhancing cell wall integrity, and aiding in enzyme function necessary for nutrient absorption. Additionally, boron regulates growth hormones that influence nitrogen assimilation, ensuring more effective utilization. The recommended package of practice, which includes balanced fertilization and proper irrigation, optimizes overall plant health and nutrient availability, further boosting nitrogen uptake. This combination of sulphur and boron with optimized cultural practices enhances root growth and promotes nodule formation in leguminous plants, directly improving nitrogen uptake. The increase in nitrogen uptake observed in T10 is consistent with findings from Islam and Ali (2009), Tripathi et al. (2011), Tiwari et al. (2012), and Kala et al. (2017), as well as Jiang et al. (1994), who reported increased nitrogen and potassium uptake with boron application in groundnut.

Total uptake of phosphorus by chickpea 

             The data on the uptake of phosphorus by chickpea gain by at harvest significantly influenced by application of different levels of sulphur and boron and results are presented in the Table 1.
Application of RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax (T10) was recorded significantly higher the total uptake of phosphorus (22.77 kg ha-1). It was on par with the treatment T9 which received RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax (22.30 kg ha-1) followed by T8 where RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax (21.60 kg ha-1) and T7 which received RPP + 20 kg ha-1 Sulphur + 2.5 kg ha-1 Borax   (20.91 kg ha-1). However, significantly lower uptake of total uptake of phosphorus (4.90 kg ha-1) by chickpea was observed in T1: (absolute control) as compared to other treatments.

The significantly higher total phosphorus uptake was obtained at harvest observed in the treatment T10 (Recommended package of practice + 30 kg ha-1 sulphur + 5 kg ha-1 borax) can be attributed to several interconnected factors. Sulphur improves phosphorus availability by acidifying the soil, which enhances phosphorus solubility and reduces its fixation in alkaline conditions, and makes it more accessible to plant roots. Additionally, sulphur enhances soil structure through aggregate formation, which promotes better root growth and nutrient absorption. Boron helps in robust root development, enabling plants to explore a larger soil volume and access more phosphorus. The combined application of sulphur and boron also improves the root-to-shoot ratio, allowing plants to allocate more resources to root growth and increase nutrient uptake efficiency. This outcome aligns with findings from studies by Das (2017), Solanki et al. (2017), Ranpariya and Polara (2018), Ram and Katiyar (2018), and Nayak et al. (2020), as well as Frashid Aref (2011), who reported increased phosphorus uptake with the application of sulphur and boron.

Total uptake of potassium by chickpea 

The uptake of potassium by chickpea crop differed significantly due to application of different levels of sulphur and boron showed in Table 1.
Significantly higher total uptake of potassium (54.23 kg ha-1) at harvest was recorded in the treatment T10 (RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax) and it was on par with treatment T9 which received  RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax (53.45 kg ha-1) and followed by T8 and T7 treatments. Whereas, lowest total uptake of potassium (31.32 kg ha-1) by chickpea crop was recorded in T1: (absolute control) as compared to other treatments.

The significantly higher total potassium uptake at harvest observed in the T10 treatment (Recommended package of practice + 30 kg ha-1 sulphur + 5 kg ha-1 borax) can be attributed to several interrelated factors. Sulphur enhances potassium uptake by improving soil conditions and plant metabolism. It promotes the development of a robust root system, crucial for efficient potassium absorption, and aids in the formation of root exudates that increases potassium availability in the rhizosphere. Boron further supports this process by enhancing root growth and function, which improves the plant’s ability to access potassium. It also maintains cell wall integrity and regulates nutrient transport, facilitating better potassium uptake. Additionally, boron helps in maintaining a balanced plant hormone environment, which can influence nutrient uptake efficiency. This finding aligns with reports by Singh et al. (2015), Srinivasulu et al. (2015), Singh et al. (2016), and Basumatary et al. (2017), as well as earlier studies by Longanathan and Krishnamoorthy (1977) and Golakia and Patel (1986), which noted increased potassium uptake with boron application in groundnut.

Total uptake of sulphur by chickpea 
Sulphur uptake by chickpea crop differed significantly due to application different levels of sulphur and boron and results are presented in the Table 1.

Significantly higher total uptake of sulphur (21.12 kg ha-1) at harvest was recorded in the T10 treatment which received RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax and it was on par with treatment T9  which received   RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax (20.65 kg ha-1) followed by  T8 with  an application of  RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax (20.05 kg ha-1) and T7  which received RPP + 20 kg ha-1 Sulphur + 2.5 kg ha-1 Borax  (18.82 kg ha-1) treatments. Whereas, significantly lowest total uptake of sulphur (3.26 kg   ha-1) by chickpea was noticed in T1: (absolute control) as compared to other treatments.

 Significantly higher uptake of sulphur was observed in the T10 treatment (Recommended package of practice + 30 kg ha-1 sulphur + 5 kg ha-1 borax) can be attributed to the direct impact of sulphur  application combined with optimized cultural practices. Sulphur application increases the availability of an essential nutrient by enhancing its absorption and utilization in the plant growth. Research by Maleswar et al. (1990) and Singh et al. (2006) reported that sulphur application improves overall nutrient status and plant growth by boosting the synthesis of amino acids and proteins. Additionally, sulphur aids in acidifying the soil, which improves the availability of other nutrients and enhances their uptake by plants, particularly in alkaline soils (Pandey, 2018). 

Total uptake of Iron (Fe), Manganese (Mn), Zinc (Zn), Copper (Cu) and Boron in Chickpea 
Total uptake of iron, manganese, zinc, copper and boron by chickpea crop differed significantly due to application of varied levels of sulphur and boron and results were presented in the Table 2. 
Significantly higher total uptake of iron, manganese, zinc, copper and boron (251.89, 110.28, 68.6, 40.68 and 42.28 g ha-1 respectively) by chickpea was recorded in the treatment (T10) with application of  RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax and it as on par with T9 treatment which received RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax (242.58, 108.08, 67.8, 39.93 and 41.72 g ha-1 respectively) followed by T8 and T7 treatments. However, significantly lower the total uptake of iron, manganese, zinc copper and boron (102.66, 44.20, 38.1, 11.04 and 22.65 g ha-1 respectively) by chickpea was recorded in T1 as absolute control. 

 Significantly higher uptake of DTPA-extractable micronutrients such as zinc, iron, copper, and manganese at harvest in the T10 treatment (Recommended package of practice + 30 kg ha-1 sulphur + 5 kg ha-1 borax) can be attributed to several key factors. Sulphur enhances soil conditions by acidifying it, which increases the solubility and availability of these micronutrients, particularly in alkaline soils where their availability is often reduced (Maleswar et al., 1990). This soil acidification facilitates the dissolution of micronutrients into forms that plants can more easily absorb (Singh et al., 2006). Boron, when applied alongside sulphur, improves root development and function, allowing plants to explore a larger soil volume and absorb nutrients more efficiently. Boron also supports the internal transport and utilization of these micronutrients, enhancing overall nutrient balance within the plant (Singh and Ram, 1992). Additionally, the recommended package of practice, which includes balanced fertilization and proper irrigation, further optimizes soil fertility and nutrient availability, promoting higher uptake of micronutrients (Pandey, 2018; Solanki et al., 2017). This comprehensive approach ensures that plants receive adequate nutrients throughout their growth stages, leading to the significantly higher uptake of essential micronutrients observed in the T10 treatment. This finding is supported by previous studies that highlight the synergistic effects of sulphur and boron on the availability and absorption of micronutrients (Kumar et al., 2014; Kala et al., 2017).
Table 1. Effect of different levels of sulphur and boron on uptake of  major and secondary nutrients status (kg ha-1) in plant after the harvest of chickpea 
	Treatments
	Total uptake of Nutrients (kg ha-1)

	
	N
	P2O5
	K2O
	SO4-2

	T1: Absolute control
	38.24
	4.90
	31.32
	3.26

	T2: RPP (10:25:00; N:P2O5:K2O: kg ha-1)
	53.19
	10.10
	38.17
	5.81

	T3: RPP + 20 kg ha-1 Sulphur
	64.21
	14.02
	44.92
	12.46

	T4: RPP + 30 kg ha-1 Sulphur
	69.99
	14.66
	45.84
	15.10

	T5: RPP + 2.5 kg ha-1 Borax
	59.14
	12.26
	42.95
	6.91

	T6: RPP + 5 kg ha-1 Borax
	63.38
	12.98
	44.33
	8.25

	T7: RPP + 20 kg ha-1 Sulphur + 2.5 kg ha-1 Borax
	86.10
	20.91
	51.57
	18.82

	T8: RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax
	87.66
	21.60
	52.44
	20.05

	T9: RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax
	88.25
	22.30
	53.45
	20.65

	T10: RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax
	93.41
	22.77
	54.23
	21.12

	S. Em.±
	2.52
	0.70
	1.02
	1.10

	C.D. at 5 %
	7.40
	2.03
	3.16
	3.12


Table 2. Effect of different levels of sulphur and boron on total uptake of DTPA extractable micronutrients status (mg kg-1) in plant after harvest of chickpea 
	Treatments
	DTPA Extractable micronutrients (g ha-1)
	Total uptake of boron (g ha-1)

	
	Zn
	Fe
	Cu
	Mn
	B

	T1: Absolute control
	38.1
	102.66
	11.04
	44.20
	22.65

	T2: RPP (10:25:00; N:P2O5:K2O: kg ha-1)
	45.9
	159.16
	19.33
	67.41
	28.33

	T3: RPP + 20 kg ha-1 Sulphur
	57.7
	193.10
	29.25
	87.43
	34.07

	T4: RPP + 30 kg ha-1 Sulphur
	58.5
	202.52
	30.60
	91.00
	34.73

	T5: RPP + 2.5 kg ha-1 Borax
	56.2
	179.87
	26.73
	84.85
	33.07

	T6: RPP + 5 kg ha-1 Borax
	57.0
	185.55
	28.69
	86.45
	33.79

	T7: RPP + 20 kg ha-1 Sulphur + 2.5 kg ha-1 Borax
	64.6
	230.34
	37.66
	102.83
	39.82

	T8: RPP + 20 kg ha-1 Sulphur + 5 kg ha-1 Borax
	66.1
	235.81
	38.88
	104.92
	40.79

	T9: RPP + 30 kg ha-1 Sulphur + 2.5 kg ha-1 Borax
	67.8
	242.58
	39.93
	108.08
	41.72

	T10: RPP + 30 kg ha-1 Sulphur + 5 kg ha-1 Borax
	68.6
	251.89
	40.68
	110.28
	42.28

	S. Em.±
	1.70
	9.04
	1.21
	3.11
	1.11

	C.D. at 5 %
	5.03
	26.58
	3.53
	9.03
	3.13


CONCLUSION
On the basis of results obtained during the course of present experimentation, following conclusions can be drawn. Application of recommended dose of fertilizer (10:25:00 Kg ha-1 to chickpea crop along with soil application of sulphur @ 30 Kg ha-1 through bentonite and boron @5 Kg ha-1 in the form of borax was found beneficial for increasing growth parameters, yield, nutrient uptake  and available nutrients of chickpea crop.  
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