


Effect of spacing and fertilizer levels on growth, yield and quality of kharif groundnut (Arachis hypogaea L.)



ABSTRACT
			Optimization of mineral nutrition is critical for maximizing groundnut productivity, as the crop has high nutrient requirements, particularly under newly released high-yielding cultivars that extract substantial nutrients from the soil. An experiment was carried out during the kharif season of 2022 at Bidi Tobacco Research Station, Anand Agricultural University, Anand, Gujarat, India, to examine the effect of spacing and fertilizer levels on kharif groundnut. The experiment was designed as split plot and replicated four times. There were eight treatment combinations, which included two spacings, (S1) 45 cm and (S2) 60 cm as a main plot and four different NPK kg/ha fertiliser levels, (F1) 12.5-25-0, (F2) 12.5-25-25, (F3) 25-50-0 and (F4) 25-50-50 as a subplot. Groundnut cultivar, GG 34 sown at 60 cm and fertilized with 25-50-50 kg/ha recorded the highest number of plant height (30 DAS), branches/plant, pod yield and haulm yield over the rest of the treatment combinations. The highest plant height at 60 DAS and at harvest under 45 cm spacing as compared to 60 cm spacing. The effect of spacing and fertilizer levels registered a non-significant effect on quality parameters (oil and protein content). However, an application of 25-50-50 kg/ha NPK resulted in significantly higher protein content in kernel.  
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1. INTRODUCTION

Groundnut (Arachis hypogaea L.), also known as peanut, goober, or monkey nut, valued for its protein-rich. It is an important oilseed crop and legume grown mainly for its edible seeds (Raju et al., 2022). India ranks among the leading producers of oilseeds globally and plays a significant role in the country’s agricultural economy. Groundnut is particularly important for both food and oil production and is one of the most significant cash and food crops in the country. Owing to its high economic and nutritional value, groundnut is often referred to as “King of oilseeds” in India (Palsande et al., 2019).
Groundnut seeds contain 45-50% high-quality edible oil, 25-30% digestible protein, around 20% carbs and roughly 5% fiber and ash making them an important addition to human nutrition (Fageria et al., 1997; Raju et al., 2022). Biological value of groundnut protein is among the highest among vegetable proteins and is comparable to that of casein. Except for vitamin B12, groundnut is a rich source of all B-complex vitamins and also provide vitamin E, riboflavin, and thiamine. Oil cake remaining after oil extraction serves as an excellent organic manure and livestock feed, containing approximately 7-8% nitrogen, 1.5% P₂O₅, and 1.5% K₂O. Being a legume, groundnut enhances soil fertility by fixing atmospheric nitrogen through root nodules, contributing about 12-40 kg N/ha and also acts as an effective cover crop in erosion-prone areas. Groundnut haulms are highly valued as nutritious fodder for livestock. Thus, crop serves a four-fold purpose as food, fodder, feed, and bio-fertiliser (Howlader et al., 2009).
Gujarat has the largest part and contributes the highest production of groundnut among all Indian states; however, its productivity per hectare remains lower than that of states such as Tamil Nadu (Chilakala et al., 2023). Groundnut production in Gujarat during the kharif and summer seasons is approximately 39.91 and 1.42 lakh tonnes, respectively, with an average productivity of 1899 kg/ha in kharif and 2327 kg/ha in summer. Total area, production and productivity of groundnut in Gujarat are about 21.63 lakh ha, 41.34 lakh tonnes and 1911 kg/ha, respectively (Anon., 2021). This yield gap indicates the need for improved agronomic and nutrient management practices.
Optimization of mineral nutrition is critical for maximizing groundnut productivity, as the crop has high nutrient requirements, particularly under newly released high-yielding cultivars that extract substantial nutrients from the soil. However, most groundnut farmers in semi-arid regions apply inadequate and imbalanced fertilisers, often limiting application to one or two nutrients, which results in multiple nutrient deficiencies. Such imbalanced nutrient management is a major factor contributing to low groundnut yields. Nutrient-related constraints can reduce yield potential by 30-70%, depending on soil type and agro-climatic conditions. Therefore, there is an urgent need to evaluate nutrient requirements and develop balanced fertilizer recommendations for enhancing groundnut productivity (Baraker et al., 2017).
Nitrogen is the most vital nutrient for root and shoot development, photosynthesis, assimilate generation, and general vegetative and reproductive growth. Because of its high protein content, groundnuts require more nitrogen than cereal crops. Although groundnuts meet their nitrogen requirements through both soil nitrogen (20-40%) and symbiotic nitrogen fixation (60-80%) via root nodules, supplementary nitrogen is frequently required during the early growth stages. Phosphorus promotes legume growth by increasing root proliferation, nodulation, shelling percentage, oil output, and pod formation. Many Indian soils have limited or no accessible phosphorus due to excessive fixation and low availability. Adequate phosphorus supply lowers empty pods, enhances crop maturity, and boosts output (Singh, 2004).
Groundnuts also require an abundance of potassium, Indian soils often have moderate to high quantities of accessible potassium (Hossain and Hamid, 2007). Potassium plays an important role in physiological processes such as enzyme activation, protein synthesis, osmoregulation and plant water balance. It promotes stress tolerance, lowers lodging, increases disease resistance and adds to higher yield quality and shelf life. Potassium, hence, has an important impact in total crop productivity (Sakarvadia et al., 2019). 	
Spacing is a key agronomic and non-monetary management method that has a major impact on crop growth and production. Proper planting geometry ensures optimum plant population and efficient utilization of sunlight, water, nutrients, and other inputs. In groundnut, plants compete both above and below ground, and inappropriate spacing may lead to excessive competition, reduced branching, and poor pod development. Planting geometry varies with cultivar, soil type, and agro-climatic conditions, and therefore requires careful optimisation for specific regions (Waghmode et al., 2017). Appropriate spacing facilitates better canopy development, improved aeration, and enhanced photosynthate translocation, ultimately leading to higher yield and quality of groundnut.

2. MATERIALS AND METHODS
A field experiment was conducted on plot No. 4A at Bidi Tobacco Research Station, Anand Agricultural University, Anand, Gujarat, India, during kharif season of 2022. Anand is located at 45.1 m above mean sea level at 22◦35′ latitude and 72◦56′ E longitude. Anand is around 70 kilometers from the Arabian Sea shore. The climate in this region is semi-arid and subtropical. Monsoon season typically lasts from third week of June to middle of September, bringing with it an average rainfall of 864 to 870 mm, all of which is brought on by the south-west monsoon current. The soil of the experimental plot was sandy loam in texture, nearly neutral in soil reaction (pH 7.5), low in organic carbon (0.30%), available N (221.6 kg/ha), medium available P (31.8 kg/ha) and medium available K (218.1 kg/ha). The experiment was laid out in split plot design and it was replicated four times. A total of eight treatment combinations comprising of spacing with different levels of fertilizer were included in the investigation. This comprises two spacings, (S1) 45 cm and (S2) 60 cm as a main plot, and four different NPK fertilizer levels, (F1) 12.5-25-0 kg/ha, (F2) 12.5-25-25 kg/ha, (F3) 25-50-0 kg/ha and (F4) 25-50-50 kg/ha as a subplot. Five randomly selected plants were chosen from each plot to record observations on growth characteristics. Similarly, five random plant samples were gathered from each plot during harvest to record observations on plant yield parameters.

3. RESULTS AND DISCUSSION
3.1 GROWTH PARAMETERS 
Plant population, plant height and number of branches/plant were all significantly impacted by varying spacing, according to data shown in Table 1. Plant population per meter row length of groundnut at 25 DAS was considerably impacted by 60 cm spacing compared to 45 cm spacing. This could be attributed to wider spacing which allowed for more plants per row than narrower spacing which increased plant population per meter of row length. Plant height was considerable at 60 DAS and harvest, with the exception of 30 DAS. Highest plant heights at 60 DAS and harvest were recorded with 45 cm spacing rather than 60 cm spacing. Individual plants from plot with narrow spacing did not have opportunity to grow laterally due to a lack of intra-row space. As a result, plants were forced to grow higher vertically in order to meet their light requirements for photosynthesis. These conclusions are supported by results obtained by Parameshwarareddy (2019). 
At 25 DAS, different NPK fertilizer amounts had no significant effect on plant population (per meter row length). Application of 25-50-50 NPK kg/ha resulted in significantly higher plant height at 60 DAS and at harvest compared to 12.5-25-25 and 12.5-25-0. However, it was comparable to the application of 25-50-0 NPK kg/ha. Such improvements could be attributed to plant's more efficient absorption of water and nutrients from soil solution through substantial root expansion, as well as greater mineral fertilization. These findings are consistent with those published by Joshi (2018).
3.2 YIELD ATTRIBUTES AND YIELD
[bookmark: _GoBack]Number of branches/plant of groundnut was recorded significantly the highest at 60 cm spacing as compared to 45 cm. Plants developed laterally, resulting in a higher number of branches per plant because the feeding zone per plant was larger under wider spacing than under closer spacing. Results are consistent with those of Kathirvelan and Kalaiselvan (2007) and Parameshwarareddy (2019). Higher number of pods per plant was recorded under 60 cm spacing (24.7). Significantly more numbers of pods per plant were recorded at harvest under the wider spacing. Significantly lower number of pods per plant were observed under closer spacing. It might be due to closed spacing. The findings are in conformity with those of Waghmode (2017) and Jaiswal (2018). Crops grown at 60 cm spacing produced the highest pod and haulm yields when compared to 45 cm spacing. These findings showed that wider spacing resulted in better absorption and energy generation for optimal vegetative development and yield. Waghmode (2017) reports similar findings. 
Number of branches/plant recorded significantly higher with application of 25-50-50 NPK kg/ha as compared to 12.5-25-25, 12.5-25-0 NPK kg/ha. This abundant availability of nutrients in soil under higher fertilization resulted in enhanced rate of assimilation which was reflected in higher biomass. These findings are in line of those reported by Joshi (2018). Application of fertilizer at the rate of at the rate of 25-50-50 kg/ha (F4) gave higher number of pods/plant (24.8). However, it was at par with application of NPK at the rate of 25-50-0 kg/ha (F3). Findings are in conformity with those of Jaiswal (2018). Significantly higher pod yield and haulm yield was found with application of fertilizer at the rate of 25-50-50 kg/ha (F4). However, it was at par with application of NPK at the rate of 25-50-0 kg/ha (F3). Pod yield and haulm yield saw an increase as the application of nutrients played a crucial role thanks to their synergistic effects and the enhancement of the soil environment, which fostered better plant growth. This improvement likely contributed to greater photosynthetic activity, resulting in enhanced yield attributes and, consequently, higher pod and haulm yields. Jaiswal (2018) also reported similar findings. 
3.3 QUALITY PARAMETERS
Effect of spacing on oil content in groundnut kernels was not found to be significant. However, oil concentration was significantly greater at 60 cm spacing (49.8%), followed by 45 cm spacing (50.1%). Effect of spacing on protein content of groundnut kernels was likewise declared non-significant. However, higher protein content was recorded under 60 cm spacing (22.8%) compared to 45 cm spacing (22.1%).
Oil content of groundnut kernels remained non-significant across different fertilizer levels. Nevertheless, a numerically higher oil content (51.1%) was recorded with application of NPK at 25-50-50 kg/ha (F4). Use of NPK at 25-50-50 kg/ha (F4) resulted in significantly higher protein content (24.2%) compared to other levels, though it was similar to that of 25-50-0 kg/ha (F3). This might be attributed to a high nitrogen supply, where a significant portion of photosynthesis may have been redirected to protein synthesis, potentially leading to a deficiency in carbohydrates needed for the breakdown into ‘acetyl co-enzyme A’ for fatty acid production. These findings align closely with those reported by Palsande (2019).
3.4 ECONOMICS:
Data in Table 2 clearly indicate that highest net returns (₹83,823 /ha) were obtained with 60 cm spacing (S2), which was superior to 45 cm spacing (S1). In same way, benefit-cost ratio was higher at 60 cm spacing (1.83) than at 45 cm spacing. Economic analysis revealed that wider row spacing (60 cm) resulted in increased net realization and B:C ratio in groundnut, which may be attributed to higher pod yield achieved under this spacing.
As Table 2 shows, a significant increase in net returns was also noted with varying fertilizer levels. Application of 25-50-50 kg NPK/ha yielded the highest net return (₹81,175/ha). However, using 25-50-0 kg NPK/ha produced the highest benefit-cost ratio (1.79). Increase in economic returns could be due to enhanced yield resulting from higher fertilizer application levels. These findings are in accordance with results reported by Waghmode (2017).

4. CONCLUSION
Therefore, the current study concludes that kharif groundnut (GG 34) should be sown at a distance of 60 cm to ensure higher growth and yield. Applying 25-50-50 NPK kg/ha should result in a higher yield.











Table 1. Growth, yield attributes and yield affected by spacing and fertilizer	   levels
	Treatment
	Plant population (per meter row length)
	Plant height (cm)
	Number of branches/plant
	No. of pods/plant
	Yield (kg/ha)
	Oil content (%)
	Protein content (%)

	
	
	30 DAS
	60 DAS
	At harvest
	
	
	Pod
	Haulm
	
	

	A.    Main Plot (Spacing) (S)
	

	S1: 45 cm
	15.4
	17.0
	35.7
	58.1
	7.7
	22.1
	1996
	3697
	49.8
	22.1

	S2: 60 cm
	19.7
	16.3
	32.1
	52.3
	9.7
	24.7
	2330
	4348
	50.1
	22.8

	S.Em.+
	0.4
	0.38
	0.78
	1.17
	0.2
	0.5
	73.4
	133.9
	0.5
	0.2

	C D at 5% 
	1.6
	NS
	3.5
	5.3
	0.9
	2.2
	330
	603
	NS
	NS

	   C.V. %
	8.1
	9.1
	9.2
	8.4
	9.3
	8.3
	13.6
	13.3
	4.3
	4.0

	B.     Sub Plot (Fertilizer Levels) (F) NPK (kg/ha)
	

	F1:12.5-25-0
	16.8
	16.0
	30.6
	50.1
	7.8
	22.1
	2010
	3435
	49.4
	20.5

	F2:12.5-25-25
	17.6
	16.3
	32.0
	55.1
	8.4
	22.5
	2074
	3746
	49.7
	21.7

	F3: 25-50-0
	17.7
	16.7
	35.8
	56.7
	9.1
	24.1
	2252
	4283
	49.6
	23.5

	F4: 25-50-50
	18.1
	17.5
	37.3
	58.8
	[bookmark: _Hlk137804720]9.6
	[bookmark: _Hlk137805069]24.8
	2315
	[bookmark: _Hlk137805448]4627
	51.1
	24.2

	S.Em.+
	0.5
	0.4
	0.9
	1.6
	0.3
	0.7
	55.4
	149.4
	0.6
	0.3

	C D at 5%
	NS
	NS
	2.7
	4.7
	0.8
	1.9
	165
	444
	NS
	0.9

	Interaction (S × F)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	C.V. %
	7.4
	7.0
	7.5
	8.1
	9.0
	7.9
	7.2
	10.5
	3.6
	3.7



Table 2.  Effect of spacing and fertilizer levels on economics (Kalar& Gediya, 2025)
	Treatment
	Yield (kg/ha)
	Gross realization (₹/ha)
	Cost of cultivation
(₹/ha)
	Net realization (₹/ha)
	BCR

	
	Pod 
	Haulm
	
	
	
	

	A.    Main Plot (Spacing) (S)

	S1
	1996
	3697
	110878
	45707
	65171
	1.43

	S2
	2330
	4348
	129530
	45707
	83823
	1.83

	    B.     Sub Plot (Fertilizer Levels) (F) NPK (kg/ha)

	F1
	2010
	3435
	110824
	43910
	66914
	1.52

	F2
	2074
	3746
	114931
	45443
	69488
	1.53

	F3
	2252
	4283
	125454
	45044
	80411
	1.79

	F4
	2315
	4627
	129606
	48431
	81175
	1.68
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