


Response of phosphorus and zinc on yield parameters of chickpea in Khaila, Jalandhar, Punjab

Abstract 

The field experiment was conducted during the Rabi season of 2023 at the research farm, Department of Agriculture, Sant Baba Bhag Singh University, Khiala, Jalandhar, Punjab, to evaluate the response of phosphorus and zinc application on yield attributes and economics of chickpea. The experiment was laid out in a randomized block design with three replications and ten treatments, including the recommended dose of fertilizer as control and different levels of zinc and phosphorus applied individually and in combination. Observations were recorded on number of pods per plant, number of seeds per pod, test weight, seed index, seed yield, straw yield, biological yield, harvest index, cost of cultivation, gross return, net return, and benefit-cost ratio. The combined application of zinc and phosphorus produced better yield performance than individual applications and the control. The highest number of pods per plant (61.1), number of seeds per pod (2.67), test weight (270.23 g), seed index (14.20 g), seed yield (20.20 q ha⁻¹), straw yield (24.80 q ha⁻¹), and biological yield (44.70 q ha⁻¹) were recorded under the highest combined zinc and phosphorus treatment. The same treatment also gave the highest gross return, net return, and benefit-cost ratio. The results indicate that combined phosphorus and zinc application improved chickpea yield attributes and economic returns under the experimental conditions of Khiala, Jalandhar.
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1. INTRODUCTION
Chickpeas (Cicer arietinum L.) are one of the most significant winter legumes produced extensively in arid and rain-fed parts of the world. Rabi is the main season for the cultivation of chickpeas, commonly known as Bengal gram or gram. It is a member of the Leguminosae family. Chickpeas are an annual crop that self-pollinates and is cultivated all over the world for food and other purposes. [1]. Chickpeas can complete their life cycle in three to six months, depending on the weather at the time of Rabi crops [2]. Chickpea contains on average 22% protein, 4.5% fat, 63% carbohydrate, 8.0% crude fiber, and 2.7% ash. Its protein quality is better than other legumes such as pigeon pea, black gram, and green gram [3].
Chickpeas contain high levels of calcium, iron, niacin, vitamin B, and vitamin C. Its leaves contain malic acid, which is very helpful for digestive issues and blood purification. It is a pulse crop that fixes nitrogen in the soil through a symbiotic relationship. Based on seed color and geographical distribution, chickpeas are generally grouped into two types: Kabuli (Mediterranean and Middle Eastern origin) and desi (Indian origin). The former type is with large, smooth coated, rams-head shaped and beige-colored seeds and the latter type is with small, angular, wrinkled and dark colored seeds [4, 5, 6 ].Desi cultivars are small and angular in shape, with strong seed coatings and brown seed colors. Desi chickpeas are usually grown in semi-arid tropical environments; in contrast, Kabuli chickpeas are larger and have a smoother seed coat. Temperate climates are used to raise Kabuli chickpeas in regions, because they improve the physical, chemical, and biological qualities of the soil and hold onto atmospheric nitrogen in their root nodules, chickpeas are also crucial for preserving soil productivity. India is the world's largest producer of chickpeas, accounting for over 70% of global production. [7].The production of chickpeas in India amounted to over 13.5 million metric tons in 2022. Australia came in second at an estimated 876.5 thousand metric tons of chickpeas. [8]. Chickpeas 21-22, contribute production of India was 13.75 million tonnes from an acreage of 10.91 million ha. with a productivity of 12.6 q./ha [9]. Chickpeas solely contribute nearly 50% of the Indian pulse production. States like Maharashtra (25.97% contribution to national production), Madhya Pradesh (18.59%), Rajasthan (20.65%), Gujarat (10.10%), and Uttar Pradesh (5.64%) are major chickpea-producing states of India [10].
The food products include immature green grain (desi type), mature grain (desi/Kabuli type), flour of mature grain (besan, desi type), roasted grain (desi type), flour of roasted grain (shattu, desi type), split grain or pulse (dahl, desi type), snacks (namkeens, desi and Kabuli type), flakes (desi type), baked products (from flour, desi type), sweets/savories (from flour, desi type) and various tertiary processed products (cuisines) [11].
Phosphorus, a key nutrient for increasing productivity of pulses, is required for plant growth and root development. Phosphorus deficiency in soils is widespread, and crops grown under deficient conditions show significant responses to fertilizer [12]. It promotes the growth of roots, improves stalks, enhances grain production and flowering, increases legumes capacity to fix nitrogen, improves crop quality and strengthens crop resistance to disease. It was shown that phosphorus increased the yield of pulse crops. Additionally, phosphorus fertilizer raised chickpea yields [13]. Plants receiving an adequate amount of phosphorus, chickpea’s reaction to phosphorus fertilizer, and a sufficient amount of phosphorus in the diet speed up nodulation and pod development and accelerate maturity. For crops cultivated in rain-fed settings, phosphorus application is essential, as it promotes greater root development. According to recent studies, chickpeas respond well to phosphorus fertilizers [14].
Zinc is essential for promoting certain metabolic reactions. It is necessary for the production of chlorophyll and carbohydrates. Zinc is directly or indirectly required by several enzyme systems, auxin, and protein synthesis. Zinc is believed to promote RNA synthesis, which in turn is needed for protein production. At several places normal yield of crops could not be achieved despite judicious use of NPK fertilizers due to deficiency of micronutrients in soil, in general, that of Zn in particular [15].It is also a vital plant nutrient for the development and growth of plants and to improve nodulation, N fixation, and yield in several legumes. Zinc is also essential for nucleic acid synthesis, protein synthesis, and the uptake of N and P by plants. Zinc aids in protein synthesis, floral commencement, seed development, and internode elongation. A zinc shortage reduced the viability of the pollen, altered the size, shape, and exudates of the stigma and further inhibited the contact between the stigma and the pollen [16].
A favorable balance between phosphorus and zinc should be maintained for optimum growth of the plant. [17] reported the antagonistic effect of P levels on Zn nutrition by the crops. The information on the Zn and P relationship in an important crop like chickpea is not adequate, especially in situations where both the interacting nutrients (P and Zn) are deficient [18].
MATERIAL AND METHODS
The experiment was conducted at the agricultural research farm. This region falls under the trans-Gangetic plain of the agro-climatic zone of the Punjab state. The experimental site is located in the central plain regions of Punjab at an elevation of 247 m above the mean sea level. The site represents 30°-33° N latitude and 76°-56° E longitude. The site is located in Punjab state, which experiences the extreme hot and extreme cold conditions with a normal maximum temperature of 42°C during summer and 25.9°C in winter. The rainy season starts in June and ends in September. The experimental area received 500-700 mm average rainfall, with most precipitation falling in July, whereas November is the driest month. Chickpeas are a cool-season crop and grow well in temperature ranges between 18 and 25°C. There are ten treatments, each with three replications, with Randomized Block Design (RBD) used to organize the experimental work. The nutrient sources were urea, single superphosphate (SSP), and muriate of potash (MOP), applied as per the recommended dose of 20-40-20 kg NPK/ha. As per the treatment, application of phosphorus and zinc was done as a basal application. To collect the data of each plot, they were selected randomly for plant sampling, and observations on various plant characteristics were taken from plants. The following observations were recorded during the experiment were number of pods, number of seeds per pod, seed weight, Seed yield (quintals ha-1), Straw yield (quintals ha-1). Biological yield (quintals ha⁻¹), harvest index. It was worked out using the following formula suggested by Donald (1962).
Harvest index (%) =          Grain yield 
                                          Biomass yield × 100
The economic analysis was done by cost of cultivation (Rs. ha-1), gross return (Rs. ha-1) , and net returns (Rs. ha-1) . The entire cost of cultivation was deducted from the gross returns to estimate the net returns.
Net Return per rupees invested =              Net Profit 
                                                                      Total Cultivation Cost 
The benefit-cost ratio for different treatments was worked out by dividing the net return obtained from the respective treatment with the respective total cost of cultivation. 


For calculating various statistical parameters, the analysis was performed using MS-Excel and OPSTAT for all the characters. The mean values of the data were subjected to the analysis of variance, and ANOVA was set for randomized block design. 

RESULTS AND DISCUSSION 
Number of pods per plant 
A number of pods per plant is a vital primary factor that results in seed yield. A significant difference was seen due to phosphorus and zinc sources in number of pods per plant. T9 treatment had a significantly maximum number of pods per plant 61.1 ± 0.65 than minimum number of Pods 36.7 ± 0.66 in T0. The similar results were also reported due to different phosphorus and zinc sources [19, 20, 21].
Number of seeds per pod 
The number of seeds per pod is also a very important factor in determining the yield. An important difference was seen due to phosphorus and zinc sources in the number of seeds per pod. T9 treatment had a significantly maximum number of seeds per plant 2.67±0.33 than T0 had lowest results 1.67 ± 0.33. The similar result on the number of seeds per pod is due to different phosphorus and zinc sources [22, 23, 24, 25].
Table 1: Effect of Phosphorus and Zinc Sources on Number of Pods and Seeds Per Plant in Chickpea
	Treatments
	No. of pods per plant
	No. of Seeds Per Pod

	Control (RDF)
	36.7 ± 0.66
	      1.67 ± 0.33

	Zinc (10 Kg/hectare)
	38.6 ± 0.96
	      1.00 ± 0.57

	Zinc (15 Kg/ hectare)
	45.4 ± 0.85
	     1.00 ± 0.57

	Zinc (20 Kg/ hectare)
	        47.1 ± 0.33
	      1.33 ± 0.67

	Phosphorus (10 Kg/hectare)
	49.2 ± 0.32
	      1.67 ± 0.33

	Phosphorus (15 Kg/ hectare)
	51.1 ± 0.38
	      1.33 ± 0.33

	Phosphorus (15 Kg/ hectare)
	53.8 ± 0.12
	       1.33 ± 0.33

	Zinc (10 Kg/hectare) + Phosphorus (10 Kg/hectare)
	56.7 ± 0.34
	       1.67 ± 0.33

	Zinc (15 kg/ hectare) + Phosphorus (15 Kg/hectare)
	58.1 ± 0.67
	      1.67 ± 0.33

	Zinc (20 kg/ hectare) + Phosphorus (20 Kg/hectare)
	       61.1 ± 0.65
	       2.67 ± 0.33

	C.D.
	1.343
	         NS

	SE(m)
	0.449
	0.457

	SE(d)
	0.634
	0.646

	C.V.
	1.56
	5.597


The graphical presentations of the percentage of pods with different treatments applied in fieldwork are given below.

Fig 1: Effect of Zinc and Phosphorus Sources on Pods in Chickpea
Test Weight
The 1000 seeds were conducted after harvesting and weighed in also. The treatment recorded T9 recorded a maximum weight of 1000 seeds (270.23 g plant⁻¹), which was higher as compared to other treatments and the control (239.46 ± 0.21) [26, 27, 28, 29]. It also concluded that there was a similar result on test weight due to different phosphorus and zinc sources.
Table 2: Effect of Phosphorus and Zinc Sources on Test Weight of Chickpea
	Treatments

	Test Weight (in g)

	Control (RDF)
	239.46 ± 0.21

	Zinc (10 Kg/hectare)
	242.56 ± 0.12

	Zinc (15 Kg/ hectare)
	245.33 ± 0.68

	Zinc (20 Kg/ hectare)
	249.96 ± 0.44

	Phosphorus (10 Kg/hectare)
	251.77 ± 0.82

	Phosphorus (15 Kg/ hectare)
	255.39 ± 0.48

	Phosphorus (15 Kg/ hectare)
	261.07 ± 0.09

	Zinc (10 Kg/hectare) + Phosphorus (10 Kg/hectare)
	264.07 ± 0.58

	Zinc (15 kg/ hectare) + Phosphorus (15 Kg/hectare)
	266.30 ± 1.23

	Zinc (15 kg/ hectare) + Phosphorus (20 Kg/hectare)
	270.23 ± 0.69

	C.D.
	              1.35

	SE(m)
	              0.451

	SE(d)
	              0.638

	C.V.
	              0.337


The graphical presentations of the percentage of leaves with different treatments applied in fieldwork are given below.


Fig. 2: Effect of Zinc and Phosphorus Sources on Test Weight of Chickpea
Seed index (g)
Seed index is also a very important parameter of seed yield. An important difference was seen in seed index due to phosphorus and zinc sources. The maximum seed index was observed in T9 was 14.20 g and the minimum seed index was observed in treatment T0 is 8.83g. [30, 31, 32, 33] also described that similar result on seed index due to Phosphorus and Zinc sources.
Seed Yield (q ha⁻¹)
Seed yield increased with Zn content, and uptake in grain and straw decreased significantly with increasing levels of phosphorus. Increasing levels of phosphorus application significantly increased the available nitrogen, phosphorus, and potassium content in soil after harvest of the crop. The total amount of seed produced from each plot's net area by weighing the seeds after they have been harvested and threshed. The maximum seed yield 20.20 q ha-1 was observed in T9 and the minimum seed index was observed in treatment T0 is 12.44 q ha-1. Similar finding by [34, 35].
Straw yield (q ha⁻¹) 
Straw yield is directly connected with total vegetative development per unit area and to a lesser extent with reproductive growth. A significant difference was seen in straw yield due to phosphorus and zinc sources. The uppermost straw yield was recorded from the T9 24.80 q ha⁻¹ treatment, and the lowest straw yield was recorded from the T0 treatment at 14.04 q ha⁻¹.[36] also reported a similar result due to the different phosphorus and zinc sources.
Biological yield (q ha⁻¹) 
The bio39 result from a plant system of phosphorus and zinc of all the dry matter produced therein, whether by physiological or biochemical mechanisms. The effect of phosphorus and zinc sources on the biological yield. A significant difference was observed in the biological yield of phosphorus and zinc sources. The highest biological yield recorded in the T9 treatment was 44.70, and the lowest biological yield was observed in the T0 treatment, 26.14. Similar findings by [37, 38, 39] result from the different phosphorus and zinc sources.

Table 3. Effect of Phosphorus and Zinc Sources on Yields of Chickpea 
	Treatments
	Seed Yield (q/ha)
	Straw Yield (q/ha)
	Seed Index 
	Biological Yield 
	 Harvest Index

	T0
	12.44
	14.04
	8.33
	26.14
	33.79

	T1
	13.25
	14.92
	9.87
	28.09
	35.13

	T2
	13.75
	15.89
	10.14
	30.34
	33.41

	T3
	13.7
	15.95
	11.30
	31.80
	35.53

	T4
	13.18
	14.64
	11.87
	33.67
	35.25

	T5
	13.98
	15.98
	12.17
	35.47
	34.30

	T6
	14.63
	16.60
	12.73
	37.13
	34.29

	T7
	17.63
	19.10
	13.20
	39.27
	33.62

	T8
	19.37
	21.17
	13.87
	41.73
	33.23

	T9
	20.20
	24.80
	14.20
	44.70
	31.77

	C.D.
	0.494
	0.721
	0.554
	0.813
	0.302

	SE(m)
	0.165
	0.241
	0.185
	0.272
	0.101

	SE(d)
	0.233
	0.341
	0.262
	0.384
	0.143

	C.V.
	1.878
	2.41
	2.714
	1.35
	0.513


The graphical presentations of the percentage of leaves with different treatments applied in fieldwork are given below.

Fig. 3. Effect of zinc and phosphorus sources on various yields of chickpea
Harvest Index
The harvest index recorded in the T9 treatment was 31.77, and in the T0 treatment, it was observed to be 33.79. Similar finding by [40, 41].
ECONOMIC ANALYSES 
In economic analysis, the net profit gained from different treatments is calculated. In this study, phosphorus and zinc sources were used in various treatment combinations. The cost of cultivation and the gross return vary because of the various yields. In this analysis, the maximum net returns and the net return per rupee invested are computed. When producing chickpeas, the net return per rupee invested must be higher than 1. If it is less than 1, the chickpea's performance will suffer. A farmer or grower has experienced a loss if the number is less than 0. 
Cost of cultivation (₹ ha⁻¹) 
The effect of phosphorus and zinc sources on the cost of cultivation is presented in Table 4. The several fixed costs and variable costs are invested in crop production measured in the cost of cultivation. The highest cost of cultivation was obtained at Rs. 42056 in T9. The lowest cost of cultivation was observed at Rs. 30421 in T0 (control).
Table 4. Effect of Phosphorus and Zinc Sources on Cost of Cultivation, Gross and Net Return, and Benefit-Cost Ratio in Chickpea
	Treatments
	Cost of cultivation
	Gross return
	Net Return
	B:C Ratio

	           T0
	30421
	49369
	18948
	0.62

	           T1
	31450
	59800
	28350
	0.9

	           T2
	33789
	67800
	34011
	1.01

	           T3
	35450
	72290
	36840
	1.04

	           T4
	36654
	77990
	41336
	1.13

	           T5
	37900
	83619
	45719
	1.21

	           T6
	38500
	88500
	50000
	1.3

	           T7
	38900
	92398
	53498
	1.38

	           T8
	40089
	99813
	59724
	1.49

	           T9
	42056
	125187
	83131
	1.98


*B:C: benefit-cost ratio
Gross return (₹ ha⁻¹) 
A significant increase in the gross return was observed with phosphorus and zinc sources. The more gross return was observed in T9, Rs. 125187 and lesser gross return was reported in T0, Rs. 49369 (control). [42] reports that the gross return increases with a fertilizer dose.
Net return (₹ ha⁻¹) A] recorded a significant increase in the gross return was observed with an increased seed rate. The maximum net return was observed in the T9 return; the least benefit-cost was observed in T0 (control). [43, 44] recorded that the net return increases with an increased dose of fertilizer. The graphical presentation of gross return, net return, and benefit-cost ratio is given below.
                         
(a)                                                                                                   (b)
Fig. 4. (a) & (b) Effect of Phosphorus and Zinc on Gross Returns, Net Returns, and Benefit-Cost Ratio of Chickpea
The maximum net returns (83131 ha-1) and B: C ratio (1.98) were recorded in T9 and net returns (18948 ha-1) and B:C ratio (0.62) were recorded in control T0. Similar observations were found by [45].
Conclusion and Recommendation
Chickpea is one of the oldest legume crops, and it’s the second most important crop worldwide. Chickpeas serve as a rich source of protein, fiber, and vitamins and are a staple food for vegetarian people. Indian farmers prefer growing chickpeas as compared to other pulses because of their easy cultivation, good yields, and better adaptability to the various cropping systems. The findings of the study experiment revealed that the combination of zinc and phosphorus has shown positive results on yield. The application of zinc significantly increased the yield of attributing characters in chickpeas. The yield of a crop is the cumulative effect on yield attributable to characters such as pods per plant. This is due to the increased supply of available zinc to plants through its addition to the soil. Zinc is involved in starch formation, growth-promoting substances like auxin, seed maturation and production, and also plays a vital role in protein synthesis. The increase in yield and yield attributes might be due to active biotic role of phosphorus in metabolic processes of plants and photosynthesis and tended to increase flowering, fruiting and grain formation which ultimately increased the yield attributes and yield. The increase in grain and straw yield due to phosphorus seems to be due to the cumulative effect of yield attributes and possibly is a result of effective uptake and utilization of nutrients observed through its extensive root system developed under adequate phosphorus supply.
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Gross return	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	49369	59800	67800	72290	77990	83619	88500	92398	99813	125187	Net Return	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	18948	28350	34011	36840	41336	45719	50000	53498	59724	83131	




B:C Ratio	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.62285920909897763	0.90143084260731321	1.0065701855633491	1.0392101551480959	1.1277350357396192	1.2063060686015832	1.2987012987012987	1.3752699228791774	1.4897852278679937	1.9766739585314819	


PODS IN PLANT

No. of pods per plant	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	36.766666666666673	38.599999999999994	45.4	47.133333333333326	49.20000000000001	51.133333333333333	53.79999999999999	56.766666666666673	58.133333333333326	61.133333333333326	No. of Seeds Per Pod	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.63	1.8133333333333299	1.9566666666666701	2.1733333333333298	2.38	2.58	2.73	2.89	2.99	3.02	



TEST WEIGHT

T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	239.4666666666667	242.56666666666663	245.33333333333334	249.9666666666667	251.77333333333334	255.39333333333335	261.07333333333332	264.20999999999998	266.3	270.23333333333335	


Yields

Seed Yield (quatinal/ha)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	12.44	13.25	13.753333333333332	13.699999999999998	13.18	13.979999999999999	14.633333333333333	17.633333333333336	19.366666666666667	20.2	Straw Yield (Quatinal/ha)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	14.036666666666667	14.920000000000002	15.89	15.946666666666665	14.64	15.979999999999999	16.599999999999998	19.099999999999998	21.166666666666668	24.8	Seed Index 	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	8.8333333333333339	9.8666666666666671	10.136666666666667	11.299999999999999	11.866666666666667	12.166666666666666	12.733333333333334	13.200000000000001	13.866666666666667	14.200000000000001	Biological Yield 	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	26.143333333333331	28.090000000000003	30.33666666666667	31.8	33.666666666666671	35.466666666666661	37.133333333333333	39.266666666666666	41.733333333333341	44.70000000000001	Harvest Index	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	33.78809129159761	35.125192832562	33.413910559279195	35.534591194968549	35.247524752475243	34.304511278195491	34.290843806104135	33.616298811544993	33.22683706070287	31.76733780760626	






