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ABSTRACT

	Two field experiments were conducted at the research field of the Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development, Mampong, Ashanti in 2022 and 2023 to evaluate the performance of groundnut under different planting dates and plant densities. The experiment was laid out in a split–split plot design with three replications, with variety as the main plot factor (Yenyawoso and Nkosour), sowing date as the sub-plot factor (mid-May, late May, and early June), and plant density as the sub-sub plot factor (low: 16 plants m-2 = 50 × 25 cm, medium: 20 plants m-2 = 50 × 20 cm, and high: 40 plants m-2 = 50 × 10 cm). The results showed that Yenyawoso produced taller plants (11-25 cm) with more branches (9-12) , whereas Nkosour consistently achieved higher seed yield in both years with the highest yield (2800 kg/ha) in 2023. Yenyawoso produced significantly (P<0.05) higher haulm weight, pod yield, and shelling percentage than Nkosour in 2023. High plant density (50 x 10 cm) resulted in increased plant height and branching, and improved haulm weight, pod yield, and seed yield compared with low and medium densities in both years. Mid-May sowing enhanced pod number, pod yield, and seed yield relative to late May and early June in both years. Variety x planting date x plant density interactions significantly influenced seed yield in both years. The Nkosour × mid-May × high-density combination produced the highest yields of 2755.6 kg/ha in 2022 and 2800 kg/ha in 2023. The lowest yields in both years were observed when the varieties were planted in late May at low density, with Yenyawoso × late May × low density combinations producing the least yield. Farmers are encouraged to grow Yenyawoso and Nkosour groundnut varieties at higher densities (50 x 10 cm) in mid-May for effective vegetative growth and higher seed yield.
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1. INTRODUCTION	
Groundnut (Arachis hypogaea L.) is a globally important legume crop valued for its edible oil, protein-rich seed, and contribution to soil fertility through biological nitrogen fixation. In sub–Saharan Africa and countries such as Ghana, groundnut serves as both a staple food and a cash crop for smallholder farmers, especially within transitional and savanna agro ecological zones. The Guinea Savannah zone of Ghana contributes more than 70% of the country’s total groundnut production, making it the most significant region for groundnut cultivation (Iddrisu et al., 2024). Groundnut is a vital cash crop cultivated in Ghana, primarily by smallholder farmers either in sole stands or intercropped with other crops, owing to its high protein content (25–28%) and substantial oil content (approximately 50%) (Amoako et al., 2023) and as source of fodder for livestock, both in the form of haulms and groundnut cake. Groundnut is well-suited for crop rotation systems because its roots form nodules that naturally fix atmospheric nitrogen, enhancing soil fertility (Abady et al., 2018). The crop holds significant commercial and nutritional value, being rich in protein, fatty acids, vitamins, oils, carbohydrates, and essential minerals (Bonku & Yu, 2020). 
Groundnut is a major oilseed and legume crop cultivated in tropical and subtropical regions worldwide. Global production is estimated at around 54–55 million tonnes annually, grown on about 26.4 million hectares of land (Variath & Janila, 2017) reflecting long‑term increases in cultivation and demand for edible oil and protein sources. China (18.30 mt), India (10.20 mt), Nigeria (4.30 mt), and the United States (2.70 mt) are the leading producers in the world, together accounting for a significant share of total output (Reager et al., 2024; Magagula et al., 2020) whereas in Nigeria (4.30 mt), Senegal (1.50 mt), Sudan (1.40 mt), and Guinea (0.90 mt) are the top four groundnut producing countries in Africa contribution to global groundnut supplies. Groundnut cultivation in Sub-Saharan Africa covers approximately 9.1 million hectares, producing about 8.9 million metric tons at an average yield of 1,007 kg per hectare, accounting for roughly 40 percent of total global output (Fukah et al., 2024).
Despite its economic and nutritional importance, the productivity of groundnut remains highly variable across agro ecological zones of Ghana due to suboptimal agronomic practices and environmental constraints. Among the key agronomic factors that influence groundnut performance are the timing of sowing and plant population density, which affect crop phenology, vegetative growth, and yield formation. In Ghana’s transitional agro ecological zone, groundnut is widely cultivated by smallholder farmers who often rely on traditional agronomic practices characterized by inconsistent planting dates and poor plant spacings. These practices frequently result in sub optimal plant population densities and poor synchronization of crop phenology with prevailing environmental conditions. Despite improvements in breeding programs and the development of improved groundnut varieties, average yields on farmers’ fields remain well below the genetic potential of available cultivars. Reports indicate that farmers often achieve yields below 1,800 kg ha⁻¹ compared with potential yields of 3,000–4,500 kg ha⁻¹ under improved management in Ghana, with plant population densities and planting dates identified as significant contributor to this yield gap (MoFA, 2023). In Ghana, groundnuts are cultivated either as a main food or cash crop during the major season (March–July) or as a secondary food crop in the minor season (August–December), often following maize and sown at suitable plant densities to maximize growth and yield. In the Southern belt, most groundnuts are planted in April, with plant densities varying across farms. Sreelatha et al. (2019) reported that crop growth and yield are influenced by how efficiently the plant population utilizes available environmental resources. 
Plant density and planting dates are effective management strategies for maximizing crop yield, as they optimize the use of resources such as light, nutrients, and water while reducing soil surface evaporation (Tana & Urage, 2017). Studies have reported that early sowing often enhances growth and yield components by aligning crop phenology with favorable climatic conditions, thereby improving biomass accumulation and reproductive success in groundnut (Samnut 24) under differing agro climatic conditions (Abe et al., 2024). Similarly, research conducted in arid regions has shown that variations in sowing date and plant density can significantly affect groundnut yield and economic returns under changing climate conditions (Reager et al., 2024). Reager et al. (2024) further reported that sowing groundnut on May 30th yielded the highest number of branches, pegs, pods per plant, kernel and pod yield, net return, and benefit-cost ratio compared to sowing on May 15th. Plant density significantly influences intra specific competition for resources such as light, water, and nutrients, which can alter canopy development, biomass partitioning, and reproductive output. Desmae et al. (2022) observed that groundnut grown at a spacing of 40 cm × 10 cm produced the highest dry pod yield (1,693 kg ha⁻¹) and the greatest net economic returns (US$403.5) when compared with a wider spacing of 60 cm × 10 cm.  In a related study, Iddrisu et al. (2024) reported that the groundnut variety Yenyawoso recorded superior performance at a spacing of 30 cm × 40 cm, whereas Nkatie Sari attained its maximum pod yield at 30 cm × 15 cm. Similarly, Tehulie et al. (2021) found that a bean variety produced significantly higher grain yield at a spacing of 40 cm × 10 cm relative to 50 cm × 10 cm. 
While studies have addressed the effects of individual factors such as sowing date or plant density on groundnut growth, few have assessed the optimal combination of planting date, plant density, and variety that maximizes growth and yield performance for groundnut grown under rain fed conditions in Ghana’s transitional zone. Therefore, this study aimed to evaluate the growth and yield response of two groundnut varieties to different planting dates and plant density regimes under rain fed field conditions. 
2. MATERIALS AND METHODS
 
[bookmark: _Hlk216712582][bookmark: _Hlk216172891]2.1 Experimental Location and Description 
[bookmark: _Hlk216172906]The experiments were carried out during the 2022 and 2023 major cropping seasons (March-July) at the multipurpose crop nursery field of Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development, Mampong Campus. Mampong-Ashanti (07°08' N, 01°02' W; 456 m altitude), falls within Ghana’s forest–savannah transitional agro-ecological zone (Geodatos, 2020). The area experiences a bimodal rainfall pattern, consisting of a major rainy season from March to July and a minor season from September to November, with an average annual rainfall of approximately 1,270 mm (MSD, 2017). Morning relative humidity generally ranges from 75% to 97%, while afternoon values range between 32% and 73%. Annual mean temperature is about 27 °C, with seasonal variations between 22 °C and 30 °C (Pabi et al., 2019). The soil at the experimental site belongs to the Savannah Ochrosol class, specifically the Bediase Series, and is classified as a Chromic Luvisol developed from Voltaian Sandstone under the FAO/UNESCO (2008) system of classification. It is a deep sandy loam with favourable texture, structure, and water-holding capacity, and has a pH range of 5.5–6.5, which supports a wide variety of crops (Asiamah, 1988).


2.2 Experimental Design and Treatments 
The experimental design used was a split- split plot design with three replications. The main plot consisted of two groundnut cultivars (Yenyawoso and Nkosour), while the sub-plots were made up of three sowing dates (Mid- May, late May and Early June). The Sub-sub plots consisted of three sowing densities: Low (16 plants m-2 = 50 × 25 cm); medium (20 plants m-2 = 50 × 20 cm), and high (40 plants m-2 = 50 × 10 cm). 

[bookmark: _Hlk149985648]2.3 Planting Materials
The groundnut varieties used were Yenyawoso and Nkosour. The seeds of both cultivars were obtained from the Council for Scientific and Industrial Research-Crop Research Institute, Fumesua, Kumasi. The Yenyawoso is a widely grown local Spanish-type groundnut cultivar that matures in 95–100 days, and has a semi-erect growth habit. It produces pods averaging 3.0 cm in length and 1.3 cm in diameter with a yield potential of 2.7 t/ha (NVRRC-CSIR, 2019). The Nkosour is an improved, 120-days maturing Virginia bunch–type groundnut cultivar with a semi-erect growth habit. The seeds measure approximately 1.4. cm in length and 0.8 cm in width with yield potential of 2.3 t/ha.
[bookmark: _Hlk216172984]2.4 Land Preparation, Field Layout and Planting 
[bookmark: _Hlk216173005]The experimental field was demarcated, slashed, ploughed, lined and pegged, and ridges were subsequently prepared. The field was subdivided into three blocks with eighteen plots per each block. A 2 m and 0.5 m alley was left between blocks and plots, respectively. A total of fifty-four plots were used for the study. Three seeds per hill were sown at a planting depth of about 3-5 cm on the ridges. Each plot size consisted of six ridges, with each ridge measuring 4 m long. Seedlings were later thinned to two plants per hill two weeks after emergence. 

2.5 Management Practices
Two weeding regimes were carried out at 3 and 9 weeks after sowing during both years using hoe. Subsequent weeding was done by hoeing between rows and hand pulling weeds on top of ridges or within rows to reduce damage to developing “pegs”. Earthen up was also done to avoid the exposure of the roots to the harsh environment. The incidence of pests and diseases was periodically monitored during routine visits to the experimental sites. Cymethoate super E.C. (36g cypermethrin and 400g dimethoate per litre) was applied at a rate of 5 ml mixed with 15 litres of water in a Knapsack sprayer to control caterpillars that had attacked the crops at 59 days after planting (DAP). Signs of maturity in groundnut were senescence of leaves and stems and hardened fully filled pods. Harvesting of both groundnut varieties were manually done by pulling from the ground, and plants were turned to expose fruit to sunshine. 

[bookmark: _Hlk216173064]2.6 Data Collected 
Field data was collected on vegetative growth and yield and yield components of groundnut. Five plants were randomly selected and tagged from the four central rows of each plot for data collection. The heights of primary stems (middle stem) of the five tagged plants were measured with a meter rule at 14 days intervals starting from 28 days after planting (DAP) up to 84 DAP. Heights were measured from the soil surface to the primordial leaf and the mean plant height was estimated. The number of branches per plant of the five tagged plants was manually counted at 14 days interval, starting from 21 DAP up to 84 DAP. The mean values were estimated and recorded. 
[bookmark: _Toc201311272]The yield and yield components data collected were number of pods per plant, haulm weight per plot, 100-seed weight, shelling percentage, pod yield and seed yield. The number of pods per plant was counted from the five randomly tagged plants from two harvestable central rows of each plot and the mean was computed. After harvest, all haulm from the two harvestable central rows of each treatment plot was tied together and weighed using a salter suspended weigher with model number 235 and the mean weight was recorded. Hundred seeds were randomly sampled from the two central rows of each plot after shelling, weighed using an electronic weighing scale and used to compute the mean. Shelling percentage was expressed as the ratio of grain weight to pod weight. The total pod yield per plot was estimated in kg/ha using the formula as described by Amanullah et al. (2019): 

Pod yield (kg/ha) =                                                                            (1)
Seed yield per plot was estimated in kg/ha using the formula as described by Amanullah et al. (2019): 
Seed yield (kg/ha) =                                                                         (2)

[bookmark: _Hlk216173132]2.7 Statistical Analysis  
[bookmark: _Hlk216173147]All the data collected was analyzed using the Analysis of Variance (ANOVA) with the SAS statistical package. Treatment means were separated and compared using the Tukey’s Honesty Significant Difference (HSD) at 5% level of probability.

3. RESULTS
[bookmark: _Hlk216173278]3.1 Weather conditions at the experimental site 
The monthly rainfall, temperature, and relative humidity during the experimental period is presented in Figs. 1, 2 and 3, respectively. In 2022 cropping season, a total of 694.6 mm of rainfall was recorded from March-April, with the highest monthly rainfall occurring in July (203.6 mm) and the least in April (79.6 mm) (Fig.1). The 2023 season experienced considerably higher rainfall, totalling 784.4 mm with the highest and lowest in April (258.8 mm) and May (71.3 mm), respectively (Fig. 1). Temperatures in 2022 ranged from about 22.7 °C to 34.0 °C, and relative humidity remained between 71% at 15:00 hrs and reaching up to 95% at 6:00hrs (Figs. 2 and 3). Temperatures in 2023 had maximum value of 33.8 °C and minimum values near 21.8–23.1 °C (Fig. 2). Relative humidity in 2023 also remained high throughout this season, with morning values between 88% and 92% and lower afternoon values ranging from 55% to 71% (Fig. 3). Overall, 2023 was wetter than 2022, though both seasons showed comparable temperature and humidity conditions typical of the forest–savannah transition zone.
[image: ]

3.2 Vegetative Growth   
3.2.1 Plant height 
Figures 4a- 4f show the plant height of groundnut as influenced by variety, planting date and plant density.  There were significant (P<0.05) differences in height between varieties from 28 to 84 DAP across both years (Fig. 4a and 4b). Yenyawoso plants consistently had the highest heights at all sampling times, with Nkosour having the lowest in both seasons. The influence of planting date and plant density on plant height was not significant in both 2022 and 2023 (Fig. 4c-4f). However, the high plant density recorded the tallest plants from 42 to 84 DAP as compared to the medium in both years (4e to 4f). 

3.2.2 Number of branches per plant
There were significant (P<0.05) differences in the number of branches produced per plant between the varieties from 28 to 84 DAP in 2022 and 2023 (Figs. 5a and 5b). Yenyawoso produced higher number of branches per plant than Nkosour from 42 to 70 DAP, after which the two varieties had similar number of branches in both years. Across both years, the planting date and plant density had no significant (P>0.05) effect on number of branches per plant (5c to 5f). However, the high density recorded the highest number of branches per plant from 56 to 84 DAP across both years as compared to the medium density which recorded the least number of branches (Figs. 5e and 5f).



Figure 5. Number of branches per plant as influenced by variety, planting date, and plant density

Figure 4. Plant height of groundnut as influenced by variety, planting date, and plant density













3.3 Yield and Yield Components   
3.3.1 Number of pods per plant
In both cropping seasons, the variety did not significantly influence the number of pods per plant (Table 1). In 2022, Yenyawoso produced an average of 52.2 pods per plant, slightly higher than Nkosour. Conversely, in 2023, Nkosour produced an average of 54.7 pods per plant, compared with 51.2 pods per plant for Yenyawoso. The season or year had no significant effect (P>0.05) on the number of pods per plant. Although plant density did not significantly influence pod number, higher density plots produced more pods per plant than low and medium densities. With planting date, mid-May resulted in the highest number of pods per plant, significantly exceeding those recorded for Late May and Early June in both years. The combined effect of variety, planting date, and plant density, however, did not significantly influence number of pods per plant in either year.

Table 1. Number of pods per plant as influenced by variety x planting date x plant density interaction
	                                     Number of pods per plant

	
	
	2022
	
	          2023

	Variety
	Planting Date
	Low
	Medium
	High
	
	Low
	Medium
	High

	Yenyawoso
	Mid-May
	37.0
	34.5
	75.0
	
	49.5
	51.5
	65.0

	
	Late May
	29.0
	55.5
	62.0
	
	59.5
	57.0
	77.0

	
	Early June
	67.5
	75.0
	67.5
	
	56.5
	67.0
	54.5

	Nkosour
	Mid-May
	60.5
	35.5
	62.0
	
	52.5
	81.5
	84.5

	
	Late May
	36.5
	42.0
	54.0
	
	50.5
	47.0
	54.0

	
	Early June
	79.5
	65.0
	44.5
	
	54.0
	70.0
	71.0

	Season/Year          
	P= 0.6728                           
	HSD =NS                     

	Variety (V)                               
	P= 0.1625                           
	HSD =NS                     

	Planting date (Pdate)
	P= 0.0049                           
	HSD =10.03                    

	Plant density (Pden)
	P= 0.3219                          
	HSD =NS                     

	
	
	

	Significant interaction
	
	

	
	NIL                           
	



3.3.2 Haulm weight per plot
Table 2 shows the haulm weight per plot as affected by the interaction of variety, planting date, and plant density. Groundnut variety and plant density both had a significant effect (P<0.05) on haulm weight in each year. In 2022, Yenyawoso produced the highest mean haulm weight, while in vice versa in 2023. High plant density consistently resulted in the greatest haulm weight per plot in both seasons, outperforming the medium- and low-density treatments. Haulm weight in 2023 was also significantly higher than in 2022. The combined effect of variety, planting date, and plant density, however, did not significantly influence haulm weight per plot in either year.

Table 2. Haulm weight per plot as influenced by variety x planting date x plant density interaction
	                                      Haulm weight kg/ha

	
	
	2022
	
	          2023

	Variety
	Planting Date
	Low
	Medium
	High
	
	Low
	Medium
	High

	Yenyawoso
	Mid-May
	23.7
	17.7
	36.3
	
	23.3
	29.3
	35.0

	
	Late May
	16.0
	24.0
	30.7
	
	29.2
	30.7
	38.0

	
	Early June
	34.3
	32.7
	31.7
	
	30.7
	34.7
	30.3

	Nkosour
	Mid-May
	31.3
	21.3
	28.3
	
	28.3
	40.0
	44.3

	
	Late May
	23.0
	22.0
	26.0
	
	28.3
	24.7
	30.7

	
	Early June
	30.0
	29.0
	24.0
	
	30.7
	33.2
	39.0

	Season/Year          
	P<0.0001
	HSD =12.50                 

	Variety (V)                               
	P<0.0001
	HSD =9.65                  

	Planting date (Pdate)
	P= 0.1895                           
	HSD =NS                     

	Plant density (Pden)
	P<0.0001                          
	HSD =10.60                 

	
	
	

	Significant interaction
	
	

	
	NIL                           
	



3.3.3 100-seed weight
The results in Table 3 show that the groundnut varieties did not differ significantly (P>0.05) in 100-seed weight in either year, although Nkosour recorded the highest mean weight across both seasons. Planting date and plant density also had no significant effect on 100-seed weight, and the interaction among variety, planting date, and plant density was not significant in 2022 or 2023. Even so, the Nkosour × mid-May × high-density combination produced the highest 100-seed weights, with 36.3 g in 2022 and 39.30 g in 2023. The lowest values came from Yenyawoso × late-May × low density, which produced 15.00 g and 14.8 g in 2022 and 2023, respectively. The effect of year on 100-seed weight was significant.

Table 3. 100-seed weight as influenced by variety x planting date x plant density interaction
	                                      100-seed weight (g)

	
	
	2022
	
	          2023

	Variety
	Planting Date
	Low
	Medium
	High
	
	Low
	Medium
	High

	Yenyawoso
	Mid-May
	15.7
	29.7
	29.7
	
	18.8
	30.3
	32.0

	
	Late May
	15.0
	28.0
	29.7
	
	14.8
	27.7
	29.0

	
	Early June
	25.3
	28.7
	25.7
	
	28.7
	28.7
	30.3

	Nkosour
	Mid-May
	21.3
	29.3
	36.3
	
	26.0
	30.0
	39.3

	
	Late May
	19.0
	24.0
	22.0
	
	22.3
	23.7
	27.7

	
	Early June
	20.0
	27.0
	32.0
	
	24.7
	28.7
	29.0

	Season/Year          
	P< 0.0122
	HSD =12.50                     

	Variety (V)                               
	P= 0.7390
	HSD =NS                     

	Planting date (Pdate)
	P= 0.2228                           
	HSD =NS                     

	Plant density (Pden)
	P= 0.7819                          
	HSD =NS                    

	
	
	

	Significant interaction
	
	

	
	NIL                           
	



3.3.4 Pod yield
The results showed that groundnut variety significantly (P<0.01) influenced pod yield in both 2022 and 2023, with Nkosour producing a higher mean pod yield than Yenyawoso vice versa in 2023. Planting date had no significant effect on pod yield in either season. Plant density, however, had a significantly influenced pod yield with high-density planting recording the highest pod yields in both years compared to medium and low densities (Table 4). Even though the interaction among variety, planting date, and plant density was not statistically significant, the combination Nkosour × mid-May × high density recorded the highest pod yields—2542.20 kg/ha in 2022 and 2608.00 kg/ha in 2023. By contrast, Yenyawoso × late-May × low density (2022) and Nkosour × late-May × low density (2023) produced the lowest yields, at 2103.10 kg/ha and 2136.40 kg/ha respectively. Season/year had no significant effect on pod yield.

Table 4. Pod yield as influenced by variety x planting date x plant density interaction
	                                      Pod yield (kg/ha)

	
	
	2022
	
	          2023

	Variety
	Planting Date
	Low
	Medium
	High
	
	Low
	Medium
	High

	Yenyawoso
	Mid-May
	2135.1
	2202.2
	2400.0
	
	2156.0
	2228.9
	2511.1

	
	Late May
	2103.1
	2157.8
	2424.4
	
	2153.8
	2161.1
	2413.3

	
	Early June
	2152.0
	2204.4
	2317.8
	
	2196.4
	2264.4
	2528.9

	Nkosour
	Mid-May
	2182.2
	2278.9
	2542.2
	
	2256.0
	2240.0
	2608.0

	
	Late May
	2119.1
	2217.8
	2375.6
	
	2136.4
	2166.7
	2362.2

	
	Early June
	2155.6
	2171.1
	2342.2
	
	2238.2
	2164.4
	2295.6

	Season/Year          
	P= 0.7400
	HSD =NS                    

	Variety (V)                               
	P< 0.0001
	HSD =83.10                    

	Planting date (Pdate)
	P= 0.0904
	HSD =NS                     

	Plant density (Pden)
	P< 0.0001
	HSD =86.50                    

	
	
	

	Significant interaction
	
	

	
	NIL                           
	



3.3.5 Seed yield
Figures 6a and 6b show the combined effect of variety, planting date, and plant density on groundnut seed yield in 2022 and 2023. The interaction had a significant (P<0.05) effect on seed yield in both years. Seed yield in 2022 ranged from 817.8 to 2755.6 kg/ha, while in 2023 it ranged from 915.6 to 2800 kg/ha. The Nkosour × mid-May × high-density combination produced the highest yields of 2755.6 kg/ha in 2022 and 2800 kg/ha in 2023 and differed significantly from all other treatment combinations. The lowest yields in both years were observed when the varieties were planted in late May at low density, with Yenyawoso × late May × low density combinations producing the least yield. The varietal effect on seed yield was highly significant (P<0.01) in both years, with Nkosour recording the highest mean yield of 2800 kg/ha and Yenyawoso producing the lowest mean yield of 817.8 kg/ha.

 Figure 6: Seed yield of groundnut as influenced by variety x planting date x plant density interaction in 2022 and 2023

A) 2022
B) 2023

3.3.6 Shelling percentage

There were significant differences (P<0.01) in shelling percentage between the two groundnut varieties in both 2022 and 2023 (Table 5). Yenyawoso recorded the highest mean shelling percentage in each year compared with Nkosour (Table 5). Season, planting date, and plant density did not show any significant effect (P>0.05) on shelling percentage, and there were no significant interactions among variety, planting date and plant density. However, the combinations of Yenyawoso × mid-May × high density and Yenyawoso × mid-May × medium density produced the highest shelling percentages of 75.80% in 2022 and 75.20% in 2023. In contrast, the lowest values were obtained from Nkosour × late-May × low density (40.10% in 2022) and Nkosour × late-May × medium density (40.30% in 2023). Season/year had no significant effect on shelling percentage.

Table 5. Shelling percentage as influenced by variety x planting date x plant density interaction
	                                      Shelling percentage (%)

	
	
	2022
	
	          2023

	Variety
	Planting Date
	Low
	Medium
	High
	
	Low
	Medium
	High

	Yenyawoso
	Mid-May
	60.0
	60.4
	75.8
	
	60.7
	75.2
	70.8

	
	Late May
	60.7
	60.1
	60.3
	
	45.5
	50.6
	60.1

	
	Early June
	50.8
	60.4
	70.4
	
	60.8
	60.6
	60.7

	Nkosour
	Mid-May
	50.1
	50.5
	60.3
	
	50.8
	70.8
	70.1

	
	Late May
	40.1
	50.7
	50.4
	
	40.7
	40.3
	50.9

	
	Early June
	50.5
	60.2
	60.4
	
	50.9
	50.6
	60.1

	Season/Year          
	P= 0.4393
	HSD =NS                    

	Variety (V)                               
	P< 0.0001
	HSD =2.80                    

	Planting date (Pdate)
	P= 0.1895
	HSD =NS                     

	Plant density (Pden)
	P= 0.7813
	HSD =NS                    

	
	
	

	Significant interaction
	
	

	
	NIL                           
	



4. DISCUSSION

4.1 Effect of variety, planting date and plant density on vegetative growth of groundnut
The significant differences between the varieties in plant height and number of branches per plant across both cropping seasons might be due to the difference in genetic characteristics and how they respond to rainfall, temperature, planting date and plant density during the growth period. This agrees with the findings of Zhang et al. (2024) who observed significant variations in growth parameters of different groundnut varieties. Planting date had no significant effect on plant height and number of branches per plant in both years. Although, plant density had no significant effect on plant height and number of branches per plant in both seasons, the high plant density treatment generally produced the tallest plants and highest number of branches in both years than medium and low plant density from 56 to 84 DAP might be attributed to narrow intra row spacing and dense population. These results disagree with the findings of Reager et al. (2024) who reported that increase in plant density resulted in lower plant height and least number of branches in groundnut. This could be attributed to limited space available to closer spaced plants for branching or competition for light, leading to an increase in height at the expense of branching. Closer spacing or higher plant density reduced branching as plants competing for space and light were compelled to grow taller and possibly producing more branches it the plant grows taller. Again, the early canopy closure in high plant density could have created a more favorable microenvironment by improving moisture retention and moderating temperatures which can further support vertical and lateral growth. This agrees with Zhang et al. (2021) that higher plant density allow plants to maximize its vegetative growth potential by efficiently utilizing available resources such as light, water, and nutrients as a result of the competitions among other plants. In contrast, according to Mubvakure (2021), wider spacing or lower plant density supported more branches per plant, taller plants, and higher dry matter accumulation of cowpea probably because of more available space for horizontal or vertical growth compared to close spaced or higher plant density crops. The influence of planting date on plant height and number of branches per plant was not significant in both seasons probably due to the similar environmental conditions experienced during each planting date. 


4.2 Effect of variety, planting date and plant density on yield and yield components of groundnut
The highest number of pods /m2 in both seasons produced by mid-May sowing can be attributed to more favorable environmental conditions experienced by crops sown early, even when receiving similar inputs as those planted later. The mid-May planting might have coincided with the onset of reliable rainfall and moderate soil temperatures, creating conditions that supported sustained flowering, effective gynophore elongation, and successful peg penetration into moist soil leading to more pods relative to late May and early June. 

The contrasting varietal responses in haulm weight per plot at harvest in both years could be due to the genotypic differences in vegetative growth vigour, canopy architecture, and photosynthetic capacity among the varieties. This is consistent with earlier reports by Essilfie (2020) who reported that the significant effect of Adepa and Yenyawoso groundnut varieties in haulm weight could be attributed to genetic variations and how respond to spacing, rainfall and temperature conditions during the growing. The greatest haulm weight at harvest produced by high plant density in both years can be attributed to increased plant population per unit area leading to greater cumulative leaf area index and total biomass production. Similar findings were reported by Varshitha et al. (2022), who observed that narrower plant spacing promoted higher biomass accumulation due to more efficient utilization of available resources per unit area. The higher haulm weight per plot in 2023 than in 2022 cropping season could be attributed to the more favorable climatic conditions such as higher rainfall, humidity and optimal temperatures, which enhance photosynthetic activity and assimilate production and translocation to both vegetative and reproductive parts. Elahi et al. (2022) reported that seasonal variations in rainfall alter soil water availability, which in turn influences plant growth and yield. The interaction effects did not significantly influence haulm weight at harvest in both 2022 and 2023.

The variety, planting date, plant density and interaction effects for 100-seed weight was found to be non-significant in both years. This is in line with Jaiswal et al. (2018) and Yousif and Hussain (2019). However, this finding disagrees with Asante et al. (2020) who in their study reported significant differences between groundnut varieties in 100-seed weight. Generally, the 2023 cropping season trial outperformed the 2022 cropping season trial in terms of 100-seed weight, which probably might be due to well distributed rainfall pattern, appropriate temperature, suitable soil-water relationships, and efficient assimilate partitioning in to grain during the major cropping season of 2023.

Differences in pod yield among varieties in both years, suggest that yield advantages were driven by the genetic variations in efficient translocation of assimilates to developing pods, better peg-to-pod conversion, or reduced pod abortion. Varieties with greater vegetative biomass are often better able to intercept light and produce assimilates that support pod development and contributing to higher pod yield. The significantly higher pod yield in high-density (50 x 10 cm) than low (50 x 25 cm) and medium (50 x 20 cm) in both years could be attributable to early canopy closure and light interception as plants grow taller, leading to improved radiation use efficiency and greater overall assimilate production and partitioning. Chilakala et al. (2023) asserted that denser canopies reduce soil surface evaporation and help conserve soil moisture, which is critical during flowering, pegging, and pod filling which support higher peg survival and pod development, resulting in increased pod yield per unit area. This is in agreement with Waghmode et al. (2017) that with closely spaced crops pod weight per plot increased. Planting date, the interaction effects as well as years had no significant effect on pod yield in either season. 

The highly significant varietal effect on seed yield across both years underscores the strong genetic control of yield expression in groundnut with Nkosour consistently recording the highest mean yield than Yenyawoso in both years. Variety x planting date x plant density interactions significantly influenced seed yield in both years. The Nkosour × mid-May × high-density combination produced the highest yields of 2755.6 kg/ha in 2022 and 2800 kg/ha in 2023. The lowest yields in both years were observed when the varieties were planted in late May at low density, with Yenyawoso × late May × low density  combinations producing the least yield. In both seasons, both ground varieties x mid-May × high-density combination consistently produced the highest seed yields which could be that mid-May planting likely synchronized crop growth with periods of adequate soil moisture and moderate temperatures which enhanced peg survival, pod development, and assimilate translocation to developing seeds (Bhattacharya et al., 2022). The high plant density might have also offered specific advantages by raising plant population per unit area and improving canopy closure, which enhances light interception, radiation use efficiency, and overall biomass production which improved the reproductive processes of both groundnut varieties by microenvironment that favours seed development (Bekele et al., 2019). However, the superior performance of Nkosour under this combination reflects its higher genetic yield potential and greater efficiency in partitioning assimilates to reproductive organs. Seed yield in 2022 ranged from 817.8 to 2755.6 kg/ha, while in 2023 it ranged from 915.6 to 2800 kg/ha. The significantly higher seed yield recorded in the 2023 cropping season compared with 2022 may be attributed to the greater amount of rainfall received during the growing period (784.4 mm versus 694.6 mm), which likely improved crop photosynthetic activity and ensured adequate assimilate supply for effective grain filling and dry matter partitioning in 2023 (Shim & Jang, 2020).

The consistently higher shelling percentage recorded for Yenyawoso compared with Nkosour in both years is likely attributable to inherent genetic differences between the two varieties. In contrast, planting date, plant density, and the other interaction effects did not significantly influence shelling percentage across the two seasons, and values recorded in both years were statistically similar. Likewise, Magagula et al. (2020) reported that plant density and plant pattern interaction had no significant on shelling percentage of groundnut.

5. CONCLUSION 

[bookmark: _Hlk199299502]The study found that groundnut growth, development, and yield are significantly influenced by varietal differences, planting date, and plant density. Yenyawoso performed better in vegetative growth across both seasons than Nkosour. In terms of yield and yield components, Yenyawoso recorded higher haulm and pod yield in the 2023 season, whereas Nkosour exhibited stronger seed productivity in both years. 
Among the tested management practices, a mid-May planting date combined with a high plant density (50 × 10 cm) proved most effective in enhancing vegetative growth, number of pods per plant, and pod and seed yield of Yenyawoso and Nkosour across both years. It is therefore recommended that, groundnut farmers should adopt early planting in mid-May at high plant density (50 x 10  cm) as a practical strategy for improving groundnut productivity in similar agroecological zones.
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Figure 1. Monthly rainfall at the experimental site
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Figure 3. Monthly relative humidity at the experimental site
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