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ABSTRACT 7 

Groundnut (Arachis hypogaea L.) holds immense significance as an oilseed crop on a global scale. 8 
The growth and development of plants, along with crop productivity, are substantially impacted by the 9 
adverse effects of global climate change. In view of this, a research initiative was undertaken to 10 
investigate the effects of distinct sowing dates and planting densities on the yield and economic 11 
aspects of groundnut in the hot arid region of Rajasthan, India. The experiment, conducted over a 12 
span of three years during the kharif seasons of 2017, 2018, and 2019 at Swami Keshwanand 13 
Rajasthan Agricultural University, Bikaner, Rajasthan, India. The experimental design utilized a split-14 
plot layout with four replications, comprising nine treatments. The main plot treatments involved three 15 
different sowing dates (15th May, 30th May, and 15th June), while the sub-plot treatments 16 
encompassed three planting densities (1.67 lakh, 2.50 lakh, and 3.33 lakh plants per hectare). 17 
Notably, the diverse sowing dates and planting densities exhibited notable effects on groundnut yield 18 
and economic viability. Comparative analysis revealed that sowing on May 30th, while statistically 19 
comparable to June 15th sowing, yielded the highest number of branches, pegs, pods per plant, kernel 20 
and pod yield, net return, and benefit-cost ratio. Interestingly, the highest haulm yield per hectare was 21 
achieved with the May 15th sowing, yet the harvest index improved progressively as sowing was 22 
delayed from May 15th to June 15th. However, the various sowing dates had no discernible effect on 23 
kernels per pod, seed index, and shelling percentage. Furthermore, employing a planting density of 24 
1.67 lakh plants per hectare was resulted in the highest counts of branches, pegs, pods, kernels per 25 
pod, seed index, and shelling percentage. Remarkably, the elevation in planting density up to 2.50 26 
lakh plants per hectare led to enhanced kernel and pod yields, harvest index, and net return. In an 27 
intriguing interaction between sowing dates and plant populations, the most favorable pod yield, 28 
kernel yield, and net return were recorded with a planting density of 2.50 lakh plants per hectare for 29 
the May 30th sowing. These findings underscore the significant effect of sowing date and planting 30 
density on yield attributes and ultimately on groundnut yield in the challenging hot arid region. 31 
Therefore, the timing of sowing and the density of planting play pivotal roles in enhancing groundnut 32 
productivity within this region, particularly in light of the changing climate conditions. 33 
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1. INTRODUCTION 37 
Groundnut (A. hypogaea L.) stands as a significant legume crop on a global scale [1, 2]. 38 

Groundnut cultivated in tropical, subtropical, and temperate climates, holds significance as an 39 
essential oilseed, confectionery, and livestock crop [3, 4]. Global groundnut production reaches 40 
approximately 50.7 million tonnes annually, cultivated across 26.4 million hectares of land [5]. 41 
Groundnut holds a crucial position as an oilseed crop in India, where it takes the lead in terms of 42 
cultivation area and secures the second position in production, right after soybean. China takes the 43 
lead in groundnut production with 17.57 million tonnes, closely trailed by India with 6.73 million tonnes 44 
(FAO, 2021). The seeds of groundnut are rich in essential nutrients, encompassing approximately 44–45 
56% oil and 22–30% protein content [6, 7]. Additionally, groundnut seeds serve as a valuable 46 
reservoir of calcium, phosphorus, iron, and vitamins [8]. Additionally, groundnut serves as a significant 47 
source of animal feed, both in the form of haulms and groundnut cake. Moreover, its suitability for 48 
crop rotation is notable, given its ability to facilitate atmospheric nitrogen fixation, which proves 49 
advantageous for subsequent crops [9]. The growth and development of groundnut are intricately 50 
influenced by a multitude of uncontrollable environmental factors. Optimal diurnal air temperatures for 51 
groundnut's photosynthesis and vegetative growth fall within the range of 30 to 35°C, as documented 52 
by Prasad et al. [10] and Craufurd et al. [11]. In contrast, the ideal diurnal temperature for 53 
reproductive growth and eventual yield is somewhat cooler, approximately 25 to 28°C, according to 54 
Ketring [12] and Prasad et al. [10]. Elevated daytime temperatures surpassing 35°C during the 55 
reproductive phases have been shown to diminish dry matter production, the formation of flowers into 56 
pegs, pod count per plant, individual seed size, harvest index, and pod yield, as demonstrated by 57 
Craufurd et al. [11], Ketring [12], and Prasad et al. [10, 13]. The duration of daylight significantly 58 
influences the growth dynamics. Longer days (exceeding 13 hours) enhance vegetative growth and 59 
crop growth rate, while reducing the allocation of photosynthate to pods[61-63]. Conversely, shorter 60 
days (less than 12 hours) foster an increase in the number of flowers, pegs, and pods in groundnut, 61 
as highlighted by Bagnall and King [14, 15] and Nigam et al. [16]. In addition, incident solar radiation 62 
and the duration of sunshine play pivotal roles in shaping the growth and development of groundnut 63 
[14-16].  64 

Cultivar selection, sowing timing, and the duration of a cultivar's lifecycle are all crucial factors in 65 
managing a crop, impacting the growth, yield, and seed quality of groundnut. Among these, the timing 66 
of sowing holds particular significance as it can be manipulated to mitigate the negative impact of 67 
environmental stress. By strategically adjusting sowing dates, it is possible to avoid subjecting plants 68 
to unfavorable environmental conditions during critical growth stages. Sowing date and planting 69 
density research for groundnut has been conducted in various groundnut-growing nations worldwide 70 
[4, 17-22] Achieving a substantial groundnut yield and ensuring profitable economic outcomes hinge 71 
significantly on optimal plant density, which defines the spacing between individual plants. Several 72 
authors have underscored the significance of higher plant densities for achieving the highest or most 73 
favorable groundnut yields [23-27]. In the Indian context, specific recommendations have been put 74 
forth, such as an optimal population of 330,000 plants per hectare (with a spacing of 30 cm × 10 cm) 75 
for Spanish/Valencia cultivars, and 148,000 plants per hectare (with a spacing of 45 cm × 15 cm) for 76 
Virginia cultivars [23]. Plant density plays a significant role in governing growth, pod production rate, 77 
and the eventual pod and kernel yield in groundnut cultivation [28]. Utilizing low plant population 78 
density often leads to reduced yields, whereas higher population densities coupled with better 79 
management practices can potentially yield a remarkable increase in pod production, sometimes 80 
reaching as high as 150-250%. The objective of plant population studies in crop plants is to ascertain 81 
the optimal plant density that yields maximum productivity [29]. Manipulating the planting date 82 
emerges as a crucial element of production that can be strategically adjusted to mitigate the 83 
detrimental impacts of environmental stress. Aligning the crop's phenology with favorable conditions 84 
by meticulously selecting appropriate sowing dates to bypass periods of stress becomes pivotal for 85 
maximizing yield. The fine-tuning of sowing dates holds great significance in optimizing the climatic 86 
environment with respect to the growth and yield of the groundnut crop, as emphasized by Caliskan et 87 
al. [4].  88 

Many of these studies aimed to counteract drought or high-temperature stress that could occur 89 
during pivotal groundnut growth phases by adapting the sowing schedule. However, investigations 90 
specifically focusing on the effects of sowing dates and related environmental variables on groundnut 91 
growth and yield in hot arid regions are relatively scarce. The productivity of the crop is inherently 92 
linked to the interplay during its growth phases, a relationship intricately tied to the timing of sowing. 93 
Determining the optimal sowing time for groundnut allows for adjusting growth phases to synchronize 94 
with favourable weather conditions [30]. Further, the choice of sowing date is contingent on the local 95 
conditions, with significant influence stemming from factors such as soil temperature, available soil 96 



moisture, and the prevailing growing season. In India, groundnuts are typically sown during the rainy 97 
season, commencing with the onset of rains between May and June. In the Hyper Arid Zone of 98 
Rajasthan, there is a growing emphasis on cultivating groundnut during the kharif season. However, 99 
due to the absence of well-defined sowing schedules and standardized plant populations, farmers 100 
tend to resort to heavy seed rates, even exceeding 240 kg per hectare [31]. Despite its costliness, this 101 
practice has become prevalent. The current study aims to investigate the effects of distinct sowing 102 
dates and planting densities on the yield and economic aspects of groundnut in the hot arid region of 103 
Rajasthan, India.. 104 
 105 

2. MATERIALS AND METHODS 106 

2.1 Experimental Site 107 
Field experiments were conducted during the kharif seasons of 2017, 2018, and 2019 at the 108 

instructional farm of Krishi Vigyan Kendra in Bikaner, Rajasthan. The location is situated at 28° 01'N 109 
latitude and 73° 22'E longitude, at an elevation of 234.70 meters above mean sea level. The site 110 
experiences a hot arid climate with an annual rainfall of 263.5 mm, falling under the category of hyper 111 
arid conditions. The soil at the experimental site is classified as loamy sand, with nutrient content of 112 
258.7 kg/ha N, 17.4 kg/ha available P, 223.4 kg/ha K, and 0.79% organic carbon. The pH of the soil 113 
was measured at 8.3 using a 1,2.5 soil-to-water ratio. Soil properties in the 0-30 cm depth included a 114 
field capacity of 8.3%, a permanent wilting point of 1.83%, and a bulk density of 1.67 Mgm-3. The 115 
meteorological parameters observed throughout the growth and development of groundnut are 116 
presented in Table 1 and depicted in Figure 1.  117 

 118 
Table 1: The average monthly meteorological data observed throughout the crop periods of 2017, 119 
2018, and 2019. 120 

 121 
Months Temperature (°C) R.H. (%) Total rainfall 

(mm) Max. Min. RH1 RH2 
201
7 

201
8 

201
9 

201
7 

201
8 

201
9 

201
7 

201
8 

201
9 

201
7 

201
8 

201
9 

2017 2018 2019 

May 42.9 43.7 41.4 26.8 27.0 25.4 54.6 36.0 72.2 27.3 18.2 53.5 19.2 5.6 9.0 

June 39.8 41.3 43.4 27.5 28.7 29.4 69.7 62.3 85.9 38.5 35.4 66.8 
123.

0 54.3 12.8 

July 38.4 37.8 39.8 27.5 28.1 28.7 78.7 84.1 77.4 47.4 51.3 55.2 29.3 
189.

8 40.6 

August 37.4 36.2 36.3 26.7 26.6 26.7 76.1 82.5 84.2 47.5 50.4 63.9 90.6 54.8 
128.

2 
Septembe
r 37.8 36.5 38.0 24.0 24.0 26.0 71.8 69.6 87.4 36.5 41.2 60.9 6.0 0.0 16.2 
October 38.7 36.6 34.6 18.4 18.6 18.6 49.2 55.0 71.6 20.4 21.7 39.5 0.0 0.0 28.8 
November 30.4 30.8 27.1 11.2 11.4 12.8 69.7 69.6 84.2 27.2 27.4 48.6 1.4 0.8 27.2 

Source: Agricultural Research Station, Bikaner 122 

 123 
 124 



 125 
Figure 1: Monthly meteorological averages throughout the crop seasons of 2017, 2018, and 2019. 126 

 127 
 128 
The monthly average maximum temperatures (T max) showed variations within the ranges of 129 

42.9°C to 30.4°C in 2017, 43.7°C to 30.8°C in 2018, and 43.4°C to 27.1°C in 2019. Concurrently, the 130 
minimum temperatures (T min) ranged between 11.2°C and 27.5°C in 2017, 11.4°C and 28.7°C in 131 
2018, and 12.8°C and 29.4°C in 2019. Notably, the highest maximum temperature was recorded in 132 
May, while the lowest minimum temperature was observed in November, both within the growing 133 
periods. Relative humidity data revealed morning relative humidity (RH-I) fluctuations from 49% to 134 
78.7%, 36.0% to 84.1%, and 71.6% to 87.4% for the years 2017, 2018, and 2019 respectively during 135 
the growing periods. As for afternoon relative humidity (RH-II), the range spanned from 27.2% to 136 
47.5% in 2017, 18.2% to 51.3% in 2018, and 39.5% to 66.8% in 2019. The maximum rainfall was 137 
received during the months of June to August, encompassing the growing period. 138 
 139 
2.2 Treatment 140 

The experimental design utilized a split-plot layout with four replications, comprising nine 141 
treatments. The main plot treatments involved three different sowing dates (15th May, 30th May, and 142 
15th  June), while the sub-plot treatments encompassed three planting densities (1.67 lakh, 2.50 lakh, 143 
and 3.33 lakh plants per hectare). The plot size was 4.8 x 5.0 meters. Plant spacing was set at 30 x 144 
10 cm for 3.33 lakh plants per hectare, 40 x 10 cm for 2.50 lakh plants per hectare, and 60 x 10 cm 145 
for 1.67 lakh plants per hectare. Groundnut variety HNG-69 was sown according to the specified 146 
sowing dates at different planting densities, with corresponding seed rates of 80 kg, 120 kg, and 160 147 
kg per hectare for the respective density treatments. The recommended dose of nitrogen (20 kg N/ha) 148 
and phosphorus (40 kg P2O5/ha) fertilizers were applied during planting. Urea and single super 149 
phosphate were used as the sources for supplying nitrogen and phosphorus nutrients, respectively. 150 
Alongside the variations in sowing dates and planting densities, the cultivation followed the prescribed 151 
package of recommended practices. 152 
 153 
2.3 Data Collection and Analysis 154 

The net plots were harvested by uprooting the entire plant, including the pods, using a hoe. Any 155 
remaining pods in the soil were also collected. Subsequently, the pods were separated from the 156 
haulms and allowed to dry for about 7-8 days under direct sunlight. During the harvesting period, 20 157 
plants were randomly selected from each plot to measure the number and weight of pods per plant. 158 
The seed yield (in kilograms per hectare) was calculated from the plants in four ridges within each 159 



plot, determining the overall yield per hectare. After harvesting, data regarding 100-kernel weight and 160 
shelling percentage were obtained, following the methodology outlined by Gulluoglu et al. [8]. The 161 
collected data were subjected to statistical analysis using a Split Plot Design. An analysis of variance 162 
(ANOVA) was performed to assess the significance of treatment effects at a 0.05% level of probability 163 
(α = 0.05). To compare means, the Least Significant Difference (LSD) test was applied at the same 164 
0.05% significance level. 165 

 166 
3. RESULTS AND DISCUSSION 167 
 168 
 3.1 Effect of sowing date on yield and its components across each year 169 

Groundnut is globally significant as an oilseed crop, and its growth, development, and crop 170 
productivity face significant challenges due to the adverse impacts of global climate change. This 171 
study focuses on assessing the influence of varying sowing dates and planting densities on groundnut 172 
cultivation in the hot arid region of Rajasthan, India. Remarkably, our investigation revealed 173 
substantial effects of different sowing dates and planting densities on groundnut's yield components, 174 
overall harvest, and economic feasibility. In this study, we conducted experiments with three distinct 175 
planting dates, May 15th, May 30th, and June 15th revealed that the number of branches per plant, 176 
pegs per plant, and pods per plant were significantly influenced by different sowing dates (Table 2).  177 
 178 

Table 2: The effect of various sowing dates and planting densities on the yield components of 179 
groundnut, considering the pooled data from 2017 to 2019. 180 

Treatmen
ts 

Branch
es per 
plant 

Pegs 
per 

plant 

Pods 
per 

plant 

kernel
s per 
pod 

100 
kerne

l 
weig
ht (g) 

Shellin
g % 

Date of 
sowing 

      

Sowing at 
15 May 9.75b 

85.02
b 

25.98
b 1.45a 

45.49
a 72.22a 

Sowing at 
30 May 12.01a 

89.28
a 

28.68
a 1.44a 

45.16
a 71.02a 

Sowing at 
15 June 11.90a 

90.19
a 

28.71
a 1.41a 

44.99
a 70.49a 

SEm± 0.25 1.04 0.60 0.03 0.19 0.70 
CD at 5% 0.75 3.09 1.79 NS NS NS 
Planting 
density       
1.67 lac 
ha-1 12.88a 

94.21
a 

34.20
a 1.54a 

45.81
a 76.14a 

2.50 lac 
ha-1 11.53b 

91.88
b 

27.24
b 1.39b 

45.18
b 69.40b 

3.33 lac 
ha-1 9.25c 

78.39
c 

21.93
c 1.37b 

44.65
c 68.19b 

SEm± 0.22 0.91 0.56 0.02 0.17 0.77 
CD at 5% 0.63 2.57 1.58 0.07 0.47 2.19 

a is significantly superior to b; b is significantly superior to c. SEm is  standard error of the mean;  CD 181 
denotes the critical difference. NS represents non-significance. 182 
 183 
 184 

Sowing on May 30th showed statistically similar results to sowing on June 15th, producing the 185 
highest number of branches per plant, pegs per plant, and pods per plant-1, which was significantly 186 
greater than the results obtained from sowing on May 15th. The number of branches per plant, pegs 187 
per plant, and pods per plant increased with delayed sowing up to May 30th and then decreased with 188 
sowing on June 15th. These findings align with those reported by Rasekh et al. [32]. Sowing dates did 189 
not have an effect on the number of kernels per pod, seed index, and shelling percentage (Table 2). 190 
However, numerically, the highest number of kernels per pod, seed index, and shelling percentage 191 
was observed when sown on May 15th, while the lowest values for these parameters were recorded 192 
for sowing on June 15th. Taller plants observed during early sowing periods may be attributed to the 193 



more favourable environmental conditions experienced by crops sown early, even when receiving 194 
similar inputs as those planted later. The reduced number of nodes and narrower internodal spaces 195 
resulting from suboptimal sowing times could also contribute to the decrease in plant height when 196 
sowing is delayed.  197 
 198 

3.2 Influence of planting density on yield attributes  199 
The data also revealed significant effects of different planting densities on various parameters, 200 

as shown in Table 2. A planting density of 1.67 lac ha-1 resulted in the highest number of branches 201 
per plant, pegs per plant, pods per plant, kernels per pod, seed index, and shelling percentage, which 202 
was significantly greater than the results obtained with planting densities of 2.50 and 3.33 lac ha-1 (the 203 
kernels per pod and shelling percentage for planting densities of 2.50 and 3.33 lac ha-1 were 204 
statistically similar). As planting density increased up to 3.33 lac ha-1, there was a decrease in the 205 
number of branches per plant, pegs per plant, pods per plant, kernels per pod, seed index, and 206 
shelling percentage. This decrease could be attributed to heightened competition among plants for 207 
essential growth resources such as nutrients, water, and light as the number of plants per unit area 208 
increased. The optimal utilization of these resources at lower planting densities per unit area 209 
ultimately led to an increase in the number of branches per plant, pegs per plant, pods per plant, 210 
kernels per pod, seed index, and shelling percentage in groundnut. The choice of planting density 211 
should be carefully considered based on specific conditions and objectives. These studies collectively 212 
underline the importance of selecting the appropriate planting density to optimize groundnut yields, 213 
taking into account various environmental and regional factors. This reduction in weed competition 214 
was achieved through the smothering effect of groundnut on late-emerging weeds, which was more 215 
effective with narrow plant spacing compared to wider spacing. In the context of our study, the 216 
application of recommended double weeding likely contributed to increased yield by facilitating the 217 
efficient utilization of available resources when plants were optimally spaced. They suggested a 218 
medium planting density of 166,700 plants per hectare (60 cm × 20 cm with two plants per hill) and 219 
200,000 plants per hectare (50 cm × 20 cm with two plants per hill) as optimal. These findings are 220 
consistent with earlier studies conducted by Sternitzke et al. [33], and Ahmad et al. [34]. Further, 221 
Ajeigbe et al. [27] reported that in Nigeria, pod yields were 31% higher when using a planting density 222 
of 133,333 hills per hectare (75 cm × 10 cm with two plants per hill) compared to 66,667 hills per 223 
hectare (75 cm × 20 cm with two plants per hill) and 40% higher compared to 44,444 hills per hectare 224 
(75 cm × 30 cm with two plants per hill). Similarly, in Ethiopia, it was found that planting densities of 225 
250,000 plants per hectare (40 cm × 10 cm) and 200,000 plants per hectare (50 cm × 10 cm) were 226 
ideal for increasing seed yield in groundnut cultivars with different architectures [35]. In the Northern 227 
Guinea Savannah zone of Ghana, it was observed that the lowest sowing density of 80,000 plants per 228 
hectare resulted in the lowest pod and seed yields in groundnut, while medium (120,000 plants per 229 
hectare) and high (200,000 plants per hectare) sowing densities yielded higher pod and seed yields, 230 
with no significant difference between the latter two densities [36]. Sowing at a medium density 231 
enhanced pod yield by 8–10% compared to sowing at a low density. Additionally, crop simulation 232 
studies have suggested that increasing the plant density to 400,000 plants per hectare could 233 
significantly boost yields in areas of Africa where drought is not a limiting factor [37]. The results 234 
obtained for the rainy season appear to contradict those reported by Ajeigbe et al. [27], who found 235 
that increasing plant density to 133,333 hills per hectare (two plants per hill) resulted in a 14-22% 236 
increase in haulm yield compared to 44,444 hills per hectare (two plants per hill) and a 7-10% 237 
increase over 66,667 hills per hectare (two plants per hill) in the Sudanian agroecology of Nigeria. 238 
Many other studies have also reported that increasing plant spacing (wider spacing) leads to a higher 239 
number of pods per plant. For example, in Bangladesh, wider row and plant spacing were associated 240 
with a greater number of mature pods per plant and a higher dry weight of pods per plant [24]. This 241 
could be attributed to wider spacing allowing the plants to access more nutrients and solar energy 242 
while reducing competition for other resources. In Turkey, reducing plant density resulted in an 243 
increased number of pods and pod weight per plant, with specific planting densities (e.g., 70 cm × 25 244 
cm and 75 cm × 25 cm) yielding the highest pod weight and pod number per plant for Virginia market 245 
types [25]. Similarly, in Sudan, increased plant density was linked to reduced seed yield per plant and 246 
a lower number of pods per plant due to increased competition in high-density plantings [38]. 247 
However, high-density planting produces pods of similar age and developmental stage, facilitating 248 
harvest decisions and positively impacting post-harvest processes such as shelling, sorting, and grain 249 
quality [39]. It's worth noting that while increasing plant density may lead to greater uniformity and 250 
potentially reduce weed growth due to canopy closure, it can also result in higher production costs for 251 
growers, including the need for more seeds and potentially increased labor costs [37]. The choice of 252 



planting density should be carefully considered based on specific conditions and objectives. These 253 
studies collectively underline the importance of selecting the appropriate planting density to optimize 254 
groundnut yields, taking into account various environmental and regional factors. Our findings 255 
emphasize the importance of tailoring planting densities and spacing to the specific characteristics of 256 
the groundnut variety and local agroecological conditions for optimal yield. These diverse findings 257 
underscore the importance of considering local agroecological conditions, rainfall patterns, and 258 
cultivar characteristics when determining the most suitable planting density and row spacing for 259 
groundnut cultivation to maximize yield potential. 260 

 261 
3.3 The effect of the sowing date on crop yield 262 

The haulm yield was significantly influenced by different sowing dates, as depicted in Table 3. 263 
Sowing on May 15th resulted in the highest haulm yield per hectare (5878.28 kg ha-1), which was 264 
markedly superior to yields obtained from other sowing dates. Haulm yield exhibited a decline as the 265 
sowing was delayed up to June 15th. Kernel and pod yield for groundnut displayed significant 266 
variations across different sowing dates (Table 3).  267 
 268 
Table 3: Influence of various sowing dates and planting densities on groundnut yield and economic 269 
outcomes, considering the combined data from 2017 to 2019. 270 

Treatmen
ts 

kernel 
yield  
(kg 

ha-1) 

Pod 
yield  
(kg 

ha-1) 

Haulm 
yield 
(kg 

ha-1) 

Harve
st 

Index 
(%) 

Net 
Return  
(ha-1) 

B : 
C 

Rati
o 

Date of 
sowing 

      

Sowing at 
15 May 

2405.7
b 

3370.6
b 

5878.3
a 36.1c 

105986
b 

3.93
b 

Sowing at 
30 May 

2791.2
a 

3948.2
a 

5543.7
b 41.5b 

126232
a 

4.68
a 

Sowing at 
15 June 

2734.8
a 

3895.1
a 

5211.0
c 42.7a 

124465
a 

4.80
a 

SEm± 40.9 53.7 28.9 0.28 2004 0.06 
CD at 5% 121.5 159.5 86.1 0.82 5953 0.18 
Planting 
density       
1.67 lac 
ha-1 

2473.5
b 

3269.9
b 

5361.9
c 37.7b 

105701
b 

4.49
b 

2.50 lac 
ha-1 

2745.6
a 

3971.1
a 

5578.1
b 41.5a 

127357
a 

4.71
a 

3.33 lac 
ha-1 

2712.6
a 

3972.9
a 

5692.9
a 41.1a 

123625
a 

4.21
c 

SEm± 34.97 46.8 24.6 0.26 1746 0.05 
CD at 5% 99.1 132.6 69.7 0.74 4951 0.15 

a is significantly superior to b; b is significantly superior to c. SEm is  standard error of the mean;  CD 271 
denotes the critical difference. NS represents non-significance. 272 
 273 
 274 

 275 
Sowing on May 30th, while statistically similar to sowing on June 15th, recorded significantly 276 

higher kernel and pod yields compared to sowing on May 15th. Kernel and pod yields increased with 277 
delayed sowing from May 15th to May 30th, followed by a decrease in yields for sowing on June 15th. 278 
Sowing on June 15th resulted in the highest harvest index percentage, which was significantly superior 279 
to other sowing dates (Table 3). The harvest index exhibited an increase with delayed sowing from 280 
May 15th to June 15th. It's crucial to emphasize that groundnut performance exhibited variation across 281 
different sowing dates, with May 30th and June 15th sowings yielding superior results. The pronounced 282 
effect of sowing dates on various growth and yield parameters of groundnuts, including plant height, 283 
number of branches per plant, pegs per plant, pods per plant, and haulm dry weight, underscores the 284 
influence of environmental factors like temperature, daylight duration, and rainfall, which fluctuate with 285 
sowing dates, on groundnut performance. Similar findings were reported by Sardana and Kandhola 286 



[40]. Ramani et al. [41] similarly voiced this perspective, noting that early-sown crops tend to yield 287 
more seeds than late-sown crops. The significant effect of sowing dates on various growth and yield 288 
parameters of groundnuts, such as plant height, number of branches per plant, pegs per plant, pods 289 
per plant, and haulm dry weight, suggests that environmental factors like temperature, daylight 290 
duration, and rainfall, which vary with sowing dates, affect groundnut performance. This underscores 291 
the importance of selecting the appropriate sowing time to ensure optimal environmental conditions 292 
for improved yield parameters and ultimately, grain yield. The substantial yield increase observed in 293 
early sowing compared to delay sowing dates could be attributed to the allocation of a larger 294 
proportion of total dry matter into various plant components. This highlights the significance of 295 
selecting the appropriate sowing time to ensure optimal environmental conditions for improved yield 296 
parameters and ultimately, grain yield.  297 

3.4 The influence of planting density on crop yield 298 

The data also showed that a planting density of 2.50 lac ha-1, along with a planting density of 299 
3.33 lac ha-1, resulted in the highest kernel yield, pod yield, and harvest index for groundnut, and 300 
these two planting densities were statistically comparable (Table 3). In contrast, a planting density of 301 
1.67 lac ha-1 yielded the lowest kernel and pod yield, as well as the lowest harvest index. This lower 302 
yield at the 1.67 lac ha-1 planting density can be attributed to the very low plant population. This lower 303 
yield at the 1.67 lac ha-1 planting density can be attributed to the very low plant population [42]. The 304 
higher harvest index associated with higher plant populations can be explained by the fact that while 305 
the yield per individual plant decreased with increased plant density, the total number of plants per 306 
hectare increased with higher planting density. Consequently, the kernel yield and pod yield per 307 
hectare increased with higher planting densities. These results align with previous studies by Rasekh 308 
et al. [32] and Kumawat et al. [43]. The higher harvest index associated with higher plant populations 309 
can be explained by the fact that while the yield per individual plant decreased with increased plant 310 
density, the total number of plants per hectare increased with higher planting density. Consequently, 311 
the kernel yield and pod yield per hectare increased with higher planting densities. Furthermore, 312 
haulm yield exhibited a significant increase with increasing planting density from 1.67 lac ha-1 to 3.33 313 
lac ha-1 (Table 3). This increase in haulm yield may be attributed to the higher plant height and 314 
increased dry matter production per hectare, owing to the higher plant population per unit area. These 315 
findings are consistent with the research conducted by Jadhav et al. [44], Hirwe et al. [45], and 316 
Soumya et al. [46]. Various studies in different regions have highlighted the effect of planting density 317 
and row spacing on groundnut yield, Onat et al. [25] in Turkey observed that increasing plant density 318 
resulted in higher pod yield per hectare. In Pakistan, narrow-row planting with a spacing of 30 cm 319 
yielded significantly more (3739 kg/ha) compared to wide-row planting with a spacing of 60 cm (1903 320 
kg/ha) [34]. Research in Vietnam found that plant densities and row spacing of 350,000 plants per 321 
hectare (25 cm × 25 cm with two plants per hill) and 400,000 plants per hectare (25 cm × 20 cm with 322 
two plants per hill) were suitable for achieving high yields [26]. In Australia, Bell et al. [47] reported an 323 
increase in total dry matter and pod yields with increasing plant density under fully irrigated 324 
conditions. Different cultivars showed varying responses, with the best cultivar (chico) achieving the 325 
highest total dry matter and pod yields at a density of 352,000 plants per hectare. These findings are 326 
consistent with Wright and Bell [48] and Kaushik et al. [42], who also observed that increased inter-327 
row spacing led to higher pod yield per hectare. However, the results from Dapaah et al. [49] 328 
indicated a different outcome during drier seasons in 2009. They found that the highest plant density 329 
of 333,000 plants per hectare increased pod yield by 29 to 46% and seed yield by 28 to 44% 330 
compared to lower plant densities. This suggests that in drier seasons, higher plant density might 331 
provide an advantage in moisture conservation, especially once crop canopy closure is achieved. 332 
Ojelade et al. [50] attributed the enhanced growth and yield of groundnut with narrow intra-row 333 
spacing to reduced competition from weeds for vital resources like light, nutrients, space, and water. 334 
This reduction in weed competition was achieved through the smothering effect of groundnut on late-335 
emerging weeds, which was more effective with narrow plant spacing compared to wider spacing. In 336 
the context of our study, the application of recommended double weeding likely contributed to 337 
increased yield by facilitating the efficient utilization of available resources when plants were optimally 338 
spaced. However, Dapaah et al. [49] recommended different planting densities under favourable 339 
conditions in the forest-savannah transitional agroecological zone of Ghana. They suggested a 340 
medium planting density of 166,700 plants per hectare (60 cm × 20 cm with two plants per hill) and 341 
200,000 plants per hectare (50 cm × 20 cm with two plants per hill) as optimal. In Bangladesh, 342 
research indicated that the optimal spacing for maximum yield varied depending on groundnut variety. 343 
Erect (bunch) groundnut varieties were found to perform best with narrower spacing (30 cm × 10 cm), 344 



while spreading or semi-spreading groundnut varieties required wider spacing (40 cm × 20 cm) to 345 
achieve their full yield potential [24]. These findings emphasize the importance of tailoring planting 346 
densities and spacing to the specific characteristics of the groundnut variety and local agroecological 347 
conditions for optimal yield. These diverse findings underscore the importance of considering local 348 
agroecological conditions, rainfall patterns, and cultivar characteristics when determining the most 349 
suitable planting density and row spacing for groundnut cultivation to maximize yield potential. 350 
Moreover, interaction between sowing dates and planting density was notably significant, especially in 351 
relation to pod yield and kernel yield (as shown in Table 4 and represented in Figure 1, 2, and 3).  352 

Table 4: The combined effect of sowing date and planting density on groundnut yield (kg/ha), 353 
considering the pooled data from 2017 to 2019. 354 

 355 
Treatment

s 
Pod yield (kg ha-1) Kernel yield (kg ha-1) Haulm yield (kg ha-1) 

Sowin
g at 15 

May 

Sowin
g at 30 

May 

Sowin
g at 15 
June 

Sowin
g at 15 

May 

Sowin
g at 30 

May 

Sowin
g at 15 
June 

Sowin
g at 15 

May 

Sowin
g at 30 

May 

Sowin
g at 15 
June 

Planting 
density 

         

1.67 lac 
ha-1 2717.0 3575.7 3517.3 

2075.9
d 

2702.2
b 

2642.4
b 5561.9 5432.9 5090.9 

2.50 lac 
ha-1 3451.4 4235.1 4226.8 

2403.8
c 

2921.6
a 

2911.5
a 5887.8 5577.3 5269.3 

3.33 lac 
ha-1 3943.5 4033.9 3941.2 

2737.6
b 

2749.7
b 

2650.5
b 6185.2 5620.8 5272.7 

SEm± 81.03   60.56   42.58   
CD at 5% 229.76   171.71   120.73   
a is significantly superior to b; b is significantly superior to c. SEm is  standard error of the mean;  CD 356 
denotes the critical difference. NS represents non-significance. 357 
 358 

 359 



 360 

Figure 2: The combined effect of sowing date and planting density on groundnut pod yield 361 
(kg/ha) for the pooled years 2017-2019. 362 
 363 

 364 



 365 
Figure 3: The synergistic influence of sowing date and planting density on groundnut kernel 366 
yield (kg/ha) across the collective years of 2017 to 2019. 367 
 368 

3.5 The combined influence of sowing dates and planting density on crop yield 369 
The interaction effect between sowing dates and planting density was found to be significant, 370 

particularly concerning pod yield and kernel yield (Table 4 and Figure 1, 2, and 3). The highest pod 371 
yield and kernel yield were recorded when the planting density was 2.50 lac ha-1, regardless of 372 
whether sowing was done on May 30th or June 15th. However, when sowing occurred on May 15th, the 373 
highest haulm yield was obtained with a planting density of 3.33 lac ha-1. Increasing planting density 374 
significantly increased pod yield, kernel yield, and haulm yield when sowing took place from May 15th 375 
to May 30th, up to a planting density of 3.33 lac ha-1. However, for groundnut sown on May 30th and 376 
June 15th, the optimal planting density was 2.50 lac ha-1. Optimal plant population densities also have 377 
a positive effect on growth hormones such as auxins and their interaction with light [51]. These 378 
optimal plant populations are particularly beneficial in favorable environmental conditions, contributing 379 
to optimized growth and yield parameters in short-season production systems. Further, variations in 380 
environmental factors such as temperature and rainfall during different growth periods, interacting 381 
with plant density, may have played a role in differences in crop phenology. These findings are 382 
consistent with the research conducted by Giayetto et al. [52] and Rasekh et al. [32]. A strong 383 
association between the mean photosynthetically active radiation (PQ) and the number of pods and 384 
seeds in pea, which is another leguminous crop [53]. It was also reported that variations in haulm 385 
yield associated with different sowing dates. The increased yield attributes observed during early 386 
sowing dates likely played a role in achieving a higher harvest index. This outcome can be attributed 387 
to the more efficient partitioning of produced dry matter, resulting in a greater grain yield. Billore et al. 388 
[54] similarly noted that early sowing led to higher yields, which they attributed to the elevated values 389 
of the harvest index in soybean. Furthermore, Bagnall and King [14, 15] highlighted a significant 390 
reduction in dry matter production due to the low irradiance levels. The taller plants observed at a 391 
planting density of 3.33 lac ha-1 can be attributed to increased competition among crops to intercept 392 
radiation. Moreover, plants at higher densities tend to allocate more resources to stem growth at the 393 
expense of reproductive tissue, ultimately resulting in increased haulm yield. It was also reported that 394 
variations in haulm yield associated with different sowing dates. The increased yield attributes 395 
observed during early sowing dates likely played a role in achieving a higher harvest index.  396 
 397 



3.6 The effect of sowing date on the Benefit-to-Cost (B,C) ratio 398 
The net return and benefit-to-cost (B,C) ratio of groundnut exhibited significant differences 399 

among various sowing dates (Table 3). Sowing on May 30th, while statistically similar to sowing on 400 
June 15th, resulted in significantly higher net returns and B,C ratios compared to sowing on May 15th. 401 
This difference in profitability can be attributed to the increased pod and haulm yield of the groundnut 402 
crop, which was more pronounced in the treatment where sowing occurred on May 30th. Halvankar et 403 
al. [55] reported an increase in test weight associated with early sowing. Further, early sowing 404 
demonstrated higher gross returns, net returns, and B, C ratios compared to delayed sowing. Among 405 
the various sowing dates, June 28th sowing resulted in the highest gross returns, net returns, and B, C 406 
ratio, surpassing the results of July 14th and July 29th sowings in soybean [56]. 407 
 408 
3.7 The influence of planting density on the Benefit-to-Cost (B,C) ratio 409 

There were significant differences in net returns among various planting densities for groundnut. 410 
Planting densities of 2.50 lac ha-1 and 3.33 lac ha-1, while statistically similar to each other, resulted in 411 
significantly higher net returns compared to a planting density of 1.67 lac ha-1 (Table 3). Similarly, the 412 
Benefit-to-Cost (B,C) ratio of groundnut varied significantly with different planting densities. A planting 413 
density of 2.50 lac ha-1 yielded a significantly higher B,C ratio compared to planting densities of 1.67 414 
lac ha-1 and 3.33 lac ha-1. This difference in profitability can be attributed to the increased pod and 415 
haulm yield of the groundnut crop, which was more pronounced in the treatment with a planting 416 
density of 2.50 lac ha-1. Despite the fact that all the yield-related characteristics exhibited better 417 
performance at wider spacing, these enhancements were not adequate to offset the yields achieved 418 
through a higher plant population per unit area resulting from closer spacing. Rajput and Kaushik [57] 419 
also reported a greater number of seed pods per plant at lower plant densities. Despite the fact that 420 
all the yield-related characteristics exhibited better performance at wider spacing, these 421 
enhancements were not adequate to offset the yields achieved through a higher plant population per 422 
unit area resulting from closer spacing. This increase in seed yield at closer spacings corresponds 423 
with the findings reported by Manjappa et al. [58] and Sundari [59]. Moreover, the interaction effect 424 
between the sowing date and planting density was found to be significant, particularly concerning 425 
economic parameters (as shown in Table 5 and depicted in Figure 4 and 5). 426 
 427 

Table 5: The interplay between sowing date and planting density's influence on the Net Return and 428 
Benefit-to-Cost (B:C) Ratio of groundnut, utilizing the pooled data from 2017 to 2019. 429 

 430 
Treatments Net Return (Rs ha-1) B : C Ratio 

Sowing at  
15 May 

Sowing at  
30 May 

Sowing at  
15 June 

Sowing at  
15 May 

Sowing at  
30 May 

Sowing at  
15 June 

Planting 
density 

      

1.67 lac ha-1 85564 116867 114672 3.67 4.83 4.95b 
2.50 lac ha-1 108829 136640a 136602a 4.02 4.96b 5.14a 
3.33 lac ha-1 123566b 125189b 122121b 4.09 4.25 4.30 
SEm± 3024.41     0.09     
CD at 5% 8575.20     0.26     
a is significantly superior to b; b is significantly superior to c. SEm is  standard error of the mean;  CD 431 
denotes the critical difference. NS represents non-significance. 432 

 433 



 434 
Figure 4: The combined effect of sowing date and planting density on groundnut haulm yield (kg/ha), 435 
taking into account the years 2017 to 2019. 436 

437 



 438 
Figure 5: The combined effect of sowing date and planting density on groundnut's net returns 439 
(Rs/ha), considering the years 2017 to 2019. 440 
 441 
 442 
3.8 The combined influence and interaction effects of sowing dates and planting density on 443 
the Benefit-to-Cost (B,C) ratio 444 

The interaction effect between the sowing date and planting density was found to be significant, 445 
particularly concerning economic parameters (as shown in Table 5 and depicted in Figure 4 and 5). 446 
The highest net return and Benefit-to-Cost (B,C) ratio were recorded when the planting density was 447 
2.50 lac ha-1, regardless of whether sowing was done on May 30th or June 15th. However, for 448 
groundnut sown on May 15th, the optimal net return was achieved with planting densities ranging from 449 
1.67 lac to 3.33 lac ha-1. The increasing planting density significantly increased net returns up to a 450 
planting density range of 1.67 lac to 3.33 lac ha-1 when sowing was conducted on May 15th (Figure 6).  451 



 452 
Figure 6: The interplay between sowing date and planting density's influence on the Benefit-to-Cost 453 
(B:C) Ratio of groundnut (Rs/ha), aggregated for the years 2017 to 2019. 454 

However, for groundnut sown on May 30th and June 15th, the net return was maximized at a 455 
planting density of 2.50 lac ha-1. These disparities in crop performance and economic outcomes can 456 
be attributed to variations in environmental factors, including temperature and rainfall during different 457 
growth periods, which interacted with plant density and influenced crop phenology. These findings 458 
align with previous research conducted by Giayetto et al. [52] and Rasekh et al. [32]. The positive 459 
correlation observed between narrower plant spacing and increased plant height can be ascribed to 460 
heightened inter-plant competition. This competition leads to internodal elongation, a phenomenon 461 
that has been documented by Halvankar et al. [55] in soybean. Arnon [60] suggested that there is a 462 
linear increase in dry matter yield with higher plant density across various crops. Collectively, these 463 
findings demonstrated that the timing of sowing and the choice of planting density emerge as crucial 464 
factors for enhancing groundnut productivity in this specific region, particularly in light of the evolving 465 
climate conditions. 466 

 467 
4. CONCLUSION 468 

 469 
Groundnut is a highly significant oilseed crop worldwide. However, its growth, development, and 470 

overall productivity are significantly affected by the adverse impacts of global climate change. In this 471 
study, we examined the impact of various sowing dates and planting densities on the yield and 472 
economic aspects of groundnut in hot arid region of India. The findings showed that different sowing 473 
dates and planting densities significantly influenced groundnut yield and economic viability. A 474 
comparative analysis indicated that sowing on May 30th, although statistically similar to June 15th, 475 
resulted in the highest number of branches, pegs, pods per plant, kernel and pod yield, net return, 476 
and benefit-cost ratio. Interestingly, the highest haulm yield per hectare was achieved with the May 477 
15th sowing, yet the harvest index improved progressively as sowing was delayed from May 15th to 478 
June 15th. Furthermore, utilizing a planting density of 1.67 lakh plants per hectare yielded the 479 
maximum numbers of branches, pegs, pods, kernels per pod, seed index, and shelling percentage. In 480 
an intriguing interplay between sowing dates and plant populations, the most favourable pod yield, 481 
kernel yield, and net return were achieved with a planting density of 2.50 lakh plants per hectare for 482 
the May 30th sowing. These findings highlight the significant impact of sowing date and planting 483 
density on yield-related characteristics, which ultimately affect groundnut yield in the challenging hot 484 
arid region. Therefore, the timing of sowing and the choice of planting density are crucial for 485 



enhancing groundnut productivity in this specific region, particularly in the context of changing climate 486 
conditions. However, to fully maximize yield and profitability, further research is needed, including 487 
studies on breeding and management practices tailored to such environments. 488 
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