RESPONSE OF CHILLI PEPPER GROWTH INDICES AND YIELD ATTRIBUTES TO VARYING PLANT POPULATION DENSITY AND SEEDLING AGES IN ZURU, NORTHERN GUINEA SAVANNAH ZONE OF KEBBI STATE

ABSTRACT
[bookmark: _GoBack]A field experiments were conducted to evaluate the influence of plant population density and seedling age on growth indices and yield attributes of chilli pepper (Capsicum annum) under field conditions in the Northern Guinea Savannah of Nigeria. The study aimed to determine the optimal combination of seedling age and plant density that enhances growth indices and yield attributes of Capsicum spp... The treatments consist of three population density (100,000 pha-1 (50cm X 20cm), 50,000 pha-1 (50cm X 40cm) and 33,334 pha-1 (50cm X 60cm)) and four seedling age (20days, 30days, 40days and 50days) arranged in a randomized complete block design with three replications. The size of each sub-plot was 3 x 3 m (9m2) and the net plot measured 4m2. Data were collected on plant height, number of leaves, leaf area index, shoot dry weight, crop growth rate, relative growth rate, number of fruits per plant, mean fruit weight, mean fruit weight per plant and fresh fruit yield. Results revealed significant interactions among plant population density, and seedling age for fresh fruit yield. Based on the results of this study, it could be concluded that plant population 50,000 pha-1 (50cm X 40cm) combined with 40days old seedlings resulted in the high growth and yield attributes of chilli pepper while the least yield was by higher plant population of 100,000 pha-1 (50cm X 20cm) combined with 20days old seedlings. An intermediate planting density of 50,000 plants/ha is optimal, providing a balance between plant competition and land-use efficiency. Transplanting at 40days after sowing offers the best compromise between seedling maturity and adaptability in field conditions.
Keywords: Chilli pepper, Plant density, Seedling age, Growth indices, Yield attributes and Zuru.
1.0 INTRODUCTION
Chilli pepper (Capsicum spp.) is one of the most important vegetable and spice crops cultivated globally for its nutritional, economic, and medicinal value. It is a rich source of vitamins A and C, capsaicin, and antioxidants [1]. In Nigeria and other tropical regions, productivity of chilli pepper remains low due to suboptimal agronomic practices such as improper spacing and inappropriate seedling age at transplanting [2].
Plant population density is a critical determinant of canopy structure, light interception, and competition for resources such as water and nutrients. Excessively high densities can increase competition and reduce yield per plant, while sparse stands may underutilize land resources [3]. Likewise, seedling age at transplanting affects establishment success, photosynthetic efficiency, and subsequent yield formation [4]. Younger seedlings generally recover faster from transplanting shock, while older seedlings often suffer reduced root vigor and delayed flowering [5].
[bookmark: _Hlk211587391]Despite numerous studies on individual factors, there is limited information on the combined effects of plant population density and seedling age on chilli pepper performance, particularly under the environmental conditions of Zuru. Therefore, this study aimed to determine the optimal combination of seedling age and plant density that enhances growth indices and yield attributes of Capsicum spp...
2.0 MATERIALS AND METHODS
The experiments were conducted at the Research and Demonstration farm of Federal University of Agriculture Zuru (FUAZ) (lat. 12012.99' N; long. 40 21.90'E; 197m above sea level) located in the Northern Guinea Savannah ecological zone of Kebbi state, Nigeria. The area has a long dry season that is characterized by cool dry air (Harmattan) which prevails from November to February; and hot dry air extending from the months of March to May. The treatments consist of three population density (100,000 pha-1 (50cm X 20cm), 50,000 pha-1 (50cm X 40cm) and 33,334 pha-1 (50cm X 60cm)) and four seedling age (20days, 30days, 40days and 50days) arranged in a randomized complete block design with three replications. The size of each sub-plot was 3 x 3 m (9m2) and the net plot measured 4m2.
Chilli seedlings were raised which situated on a relatively high seedbed. The size of the four (4) seed bed for raising four (4) different ages of Chilli pepper were 2m x 2m. Ten (10) grams of seeds were sown in each seedbed. After sowing, the seeds were covered with light soil to a depth of about 0.6cm. Necessary shading with mulching material was provided over the seedbed to protect the young seedlings from the scorching sunshine or heavy rain. Dithane M-45 was sprayed on the seedbeds at the rate of 2 g l-1 to protect the seedlings from damping-off and other diseases. Weeding and irrigation were done from time to time as and when needed. The seedlings were transplanted according to the age designed as treatment. NPK (15:15:15) fertilizers were applied in split doses to meet the nutrient requirement of 130 kg ha-1 N, 80 kg ha-1 P and 110 kg ha-1 K. Weeds were controlled manually using hoe at any stage as the need arises. Karate (lambdacyhalothrin) was sprayed at 4 ml L-1 of water against insect pests. Data were collected on plant height, number of leaves, number of branches, leaf area index, fruits number, mean fruit length, mean fruit weight and fresh fruit yield. Data were subjected to Analysis of Variance (ANOVA) using SAS 9.4. Significant treatment means were separated using Duncan’s New Multiple Range Test (DNMRT) at 5% probability level.
3.0 RESULTS AND DISCUSSION
3.1 Soil Physical and Chemical Properties of Experimental Site: 
Physical and chemical properties of soils of study location prior to the experiments are presented in Table 1.
3.2 Effect Plant Population Density on Growth Indices and Yield Attributes 
[bookmark: _Hlk196331718]Plant population density plays a vital role in determining the vegetative growth of chilli plants. When population density is low (wide spacing), each plant has ample access to light, water, and nutrients, often resulting in increased plant height, stem girth, branching, and leaf area. Conversely, at high plant densities (narrow spacing), competition becomes intense, leading to reduced vegetative vigor per plant [6].
[bookmark: _Hlk198054683]Moderate and lower plant population (50,000 and 33,300 plants/ha) produced taller plants, more leaves and branches than higher population density (100,000 plants/ha). Lower densities allowed individual plants more space, enhancing leaf development. Consistent results affirm that reduced competition at lower densities promotes vegetative growth. Leaf number, being a precursor to better photosynthetic capacity, suggests that lower plant density facilitated better resource allocation per plant, boosting vegetative development. This inverse relationship can be explained by the competition theory, where higher plant densities increase intra-specific competition for light, water, and nutrients, thus limiting individual plant growth [7]. Less crowded conditions allow plants more access to photosynthetically active radiation and soil resources, which fosters vertical growth [8]. Lower plant densities (33,300 plants/ha) consistently produced a significantly higher LAI than higher densities (50,000 and 100,000 plants/ha) while the high-density planting suppressed leaf expansion, likely due to intensified competition for limited resources. This trend is consistent with the physiological rationale that higher density increases canopy closure and leaf overlap, enhancing LAI. However, excessive density can also cause light competition, airflow reduction, and higher disease incidence, requiring optimal balance. Adenubi and Sanni [9] similarly found that increasing density up to 60 × 45 cm (equivalent to 37,000 plants/ha) enhanced LAI but stressed that yield does not always linearly follow LAI due to competition. Hariyono et al. [10] also noted high LAI and yield under moderately high density (44,444 plants/ha).
Shoot dry weight (SDW), crop growth weight (CGR) and relative growth rate (RGR) were low with higher density of plants (100,000plants/ha) because higher density plants (100,000/ha) competed intensely, resulting in less biomass per plant. Lower densities (50,000 and 33,300plants/ha) provided more space and resources per plant, allowing more robust growth. 50,000 plants/ha yielded the highest shoot dry weights. 33,300 plants/ha also performed reasonably but was slightly inferior to 50,000, suggesting there might be a balance between resource use and plant vigor at moderate densities, so also, reduced inter-plant competition enhances biomass accumulation. This finding aligns with Mustapha et al. [11] who found that lower planting densities significantly improve pepper growth due to better light interception and nutrient availability. 
The response of yield to plant population density often follows a parabolic trend: at very low densities, yield per plant is high but total yield per hectare is low; at very high densities, yield per hectare may initially increase but eventually declines due to excessive competition and reduced fruiting efficiency but at moderate plant population density yield per plant is moderate but total yield per hectare is high. Studies such as that of Alam et al. [12] emphasize that moderate densities (e.g., 45 × 30 cm or 50 × 40 cm) strike the best balance, producing high-quality fruits without excessive resource competition.
Lower plant densities (33,300plants/ha) had the highest number of fruits followed closely by moderate population density (50,000plants/ha) while the lowest number of fruits/plant was obtained by higher population density (100,000plants/ha). This confirmed that, in chili pepper, higher plant populations per hectare lead to lower fruits/plant productivity due to increased competition and wider spacing allows larger canopy development, better air circulation, and efficient light interception critical for flowering and fruit set. This is likely due to optimal plant spacing reducing intra-specific competition and improving light interception, nutrient uptake, and airflow. This finding is supported by Ansa et al. [13] who found that moderate planting densities enhance fruit set and yield in chili by improving the microclimate and reducing disease incidence.
Lower density (33,300plant/ha) recorded the higher value with respect to and mean fruit weight (MFW) followed by the moderate population density (50,000plants/ha) which in turn higher than the highest population density (100,000plants/ha). At lower densities, individual plants could likely experience less competition for light, water, and nutrients, better canopy expansion and photosynthetic efficiency, hence, development of longer fruits. This may be due to reduced competition for light, nutrients, and water, promoting better fruit development. Similar findings were reported by Sharma and Kumar [14], who found that optimal spacing in pepper cultivation enhances fruit quality by improving resource use efficiency. 
Population densities of 50,000 plants/ha and 33,000 plants/ha tend to show a more favorable fruit weight per plant and fresh fruit yield than the higher density (100,000plants/ha). This may likely due to, at higher population densities (100,000 plants/ha), the competition between plants for nutrients, light, and water might reduce the individual plant's growth potential. The inverse relationship between plant density and individual plant yield is well-documented [15]. High plant densities often result in intense competition for light, nutrients, and water, which can stunt growth and reduce fruit development per plant. Conversely, lower densities allow for better spacing, canopy development, and resource utilization per plant, thereby enhancing fruit size and weight [16]. This study's findings align with those of Bagheri et al. [17], who reported that wider spacing in chilli production significantly increased the number and weight of fruits per plant, even though it reduced overall yield per hectare. 
3.3 Effect of seedling age on Growth Indices and Yield Attributes	
Seedling age reflects the developmental stage of a plant when it is moved from the nursery to the main field. This stage greatly affects the plant's ability to establish roots, adapt to new soil conditions, and resume growth after transplant shock. In chilli pepper production, transplanting too early or too late can lead to stunted growth, delayed flowering, and poor fruiting. According to Ibrahim et al. [18], optimal seedling age ensures that seedlings are physiologically mature, have a well-developed root system, and possess enough carbohydrate reserves to survive post-transplant stress.
Plant height, number of leaves and leaf area index (LAI) were higher with 40days old seedlings, indicating an ideal transplanting age for maximizing vegetative growth. This implies that 40days old seedlings struck an ideal balance: mature enough to establish quickly after transplanting, yet still vigorous enough for rapid leaf expansion which are critical for maximizing photosynthesis and potential yield. Similar trends have also been reported by Essilfie et al. [19] who stated that, increased plant height in older transplants might also be attributed to higher biomass, especially the well-developed and established root system which resulted into more uptake of water and nutrients from the soil leading to better cellular elongation. These results are in line with the findings of Akinrotimi and Aniekwe [20], who noted that transplanting 40days old seedlings ensures that the plants are sufficiently mature to withstand transplant shock while still retaining high vigor. In contrast, younger seedlings (20 days) might not have developed enough root mass, leading to stunted growth. Conversely, older seedlings (50days) may suffer more transplant shock due to the entrenchment of root systems, resulting in poor post-transplant recovery [21]. 
Shoot dry weight (SDW), crop growth weight (CGR) and relative growth rate (RGR) were high with 40days old seedlings, maximizes early establishment and subsequent dry matter accumulation showing the ideal for chili pepper transplanting under the northern Guinea savannah conditions to maximize shoot dry weight. Younger seedlings (20days old) may not have been mature enough for strong post-transplant growth. Older seedlings have better survival and biomass accumulation post-transplant compared to younger ones. These results support the findings by Chen et al. [22] which showed that optimal seedling age at transplanting improves field establishment and vegetative growth in solanaceous crops. This trend aligns with physiological reasoning 40days old seedlings possess fully developed root and shoot systems for rapid post-transplant recovery and vigorous growth. In contrast, younger seedlings (20days old) are less physiologically mature and more susceptible to transplant shock, leading to slower early establishment and suppressed biomass production [20]. 
Number of fruits per plant (NFPP) was higher with 40days old seedlings. Seedlings aged 40days had developed robust root and shoot systems, balancing vegetative vigor with reproductive potential, minimizing transplant shock. This could likely due to 40days is optimum physiological age which ensures that the plant is strong enough to rapidly resume growth after transplanting, enter flowering stage sooner, and sustain more fruit load. This age seems optimal for transplanting as seedlings are physiologically mature, leading to better field establishment and earlier fruit set. These results are consistent with the work of Kumar et al. [18] which found that transplanting at an optimal seedling age enhances flowering and fruiting in solanaceous vegetables. 
40days old seedlings gave the highest mean fruit weight (MFW), mean fruit weight per plant (MFWP) and fresh fruit yield (FFY) followed by older seedlings. 30days old seedling age ware slightly lower than 40days old seedlings. Thus, earlier transplanting (30 to 50days) favored larger fruits. However, seedlings older than 50days consistently produced lower fruit weights, indicating that transplanting beyond this stage leads to physiological aging and reduced vigor. These results are consistent with Akinrotimi and Aniekwe [20], who emphasized that transplanting within 35–40days after sowing improves establishment and reproductive efficiency in solanaceous crops like chilli. This finding corroborates the research of Essilﬁe et al. [19], who demonstrated that transplanting chilli seedlings at around 35 to 45 days leads to superior field establishment, early flowering, and increased fruit set. Seedlings that are too young often suffer higher mortality or stunted growth due to transplant shock, while older seedlings may experience root binding or reduced vigor due to prolonged nursery confinement [18]. 
3.4 Interaction
The significant response of plant population density and seedling age on fresh yield have clearly indicated the interdependence and complimentary role of population density and seedling age in influencing the manifestation of the potentials of chilli pepper genotypes in terms of growth, development and yield. The significant decline in height at 50days old seedlings suggests that delayed transplanting limits early vegetative growth. Younger seedlings tend to have a higher capacity for root establishment and subsequent shoot development. This agrees with the findings of Komala et al. [16], who reported that transplanting chilli pepper at 30 to 40days improved plant vigor and yield traits compared to older transplants. 
The significant interaction between plant density and seedling age underscores the importance of optimizing both parameters for maximum yield. Regarding seedling age, transplanting at 40days old resulted in the highest yield of fruits across all planting densities, with a maximum of number at 33,300 plants ha⁻¹. This outcome aligns with findings by Mustapha et al. [11], who reported that transplanting chili at 35 to 45 days after sowing provided an ideal physiological balance between vegetative and reproductive growth, thereby improving flowering and fruiting. However, very young (20days old) and older seedlings (50days old) resulted in lower fruit yields. Younger seedlings may lack the resilience to withstand transplant shock, while older seedlings may suffer from root bounding or stunted growth due to prolonged nursery stay [20]. Seedling age significantly affects fruit development. The highest fruit weight consistently corresponds to the 40days old transplants, regardless of planting density. These seedlings are physiologically mature, with well-developed root systems capable of efficient nutrient absorption and stress tolerance [9]. Transplanting younger seedlings (20 days) often leads to poor establishment, stunted growth, and smaller fruits due to immature root and shoot development. Furthermore, older seedlings (50days) still performed relatively well but did not exceed the performance of 40days old seedlings. The slight decline at 50 days in some cases may be due to root congestion or transplanting shock [19]. However, these older seedlings still yielded significantly better than the 20days old group. This finding is in line with the work of Ibrahim et al. [18], who found that 35 to 45days old chilli seedlings achieved better field performance and fruit size due to enhanced resilience to transplanting stress and higher nutrient uptake efficiency.
Higher density consistently resulted in the lowest yields across all seedling ages and years. Alam et al. [12] emphasized that high plant densities often lead to increased inter-plant competition, light interception inefficiency, and poor canopy aeration factors that reduce fruit set and increase disease susceptibility. The 50,000 plants/ha density appears to strike a balance between maximizing per-plant yield and total land productivity. Similar conclusions were drawn by Mustapha et al. [11], who found that a plant spacing that approximates 50,000 plants/ha improves both photosynthetic efficiency and nutrient uptake. Across all densities and years, 20days old seedlings produced the lowest yields. These young transplants likely lacked the physiological maturity needed to establish quickly and efficiently, leading to reduced fruiting. Research by Ibrahim et al. [18] supports this finding, noting that seedlings transplanted too early are more susceptible to transplanting shock and poor root development. Seedlings at 40days are physiologically mature, exhibit better root–shoot development, and recover faster after transplanting. 
4.0 CONCLUSION AND RECOMMENDATION
4.1 Conclusion
Based on the results of this study, it could be concluded that plant population 50,000 pha-1 (50cm X 40cm) combined with 40days old seedlings resulted in the high growth and yield attributes of chilli pepper while the least yield was by higher plant population of 100,000 pha-1 (50cm X 20cm) combined with 20days old seedlings. 
[bookmark: _Toc467745580]4.2 Recommendation
From the findings of this study, the following recommendations could be made:
i. An intermediate planting density of 50,000 plants/ha is optimal, providing a balance between plant competition and land-use efficiency.
ii. Transplanting at 40days after sowing offers the best compromise between seedling maturity and adaptability in field conditions.




	Table 1: Physical and chemical properties of experimental site soil (0-30cm depth) during 2022-2024 rainy sessions

	
	2022
	2023

	Particles size Analysis
	
	

	PH
	6.60
	6.11

	Organic Carbon %
	1.04
	0.87

	Organic Matter %
	1.79
	2.01

	Total N %
	0.084
	0.093

	P mg/kg
	0.93
	1.05

	CaCmol/kg
	0.50
	0.78

	Na Cmol/kg
	0.52
	0.62

	Mg Cmol/kg
	0.80
	0.74

	K Cmol/kg
	1.95
	2.56

	CEC Cmol/kg
	8.40
	8.94

	Sand %
	63.3
	61.7

	Silt %
	24.9
	28.2

	Clay %
	11.8
	10.1











	[bookmark: _Hlk204110123]Table 2: Plant height, Leaves number, Leaf area index, shoot dry weight and Crop Growth Rate of chilli pepper varieties as affected by plant population density and seedling age during 2022 and 2023 rainy seasons in Nigerian northern guinea savannah

	Treatment
	Plant Height (cm) 
(9WAT)
	Leaves Number
(9WAT)
	Leaf Area Index
(11WAT)
	Shoot Dry Weight (g) (11WAT)
	Crop Growth Rate (g m-2 week-1) (11WAT)

	
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023

	Population Density (plants ha-1)
	
	
	
	
	
	
	
	
	
	

	100,000 
	35.59b
	46.66b
	67.46b
	89.48b
	2.55c
	2.74c
	22.28c
	25.13c
	2.43c
	2.69c

	  50,000 
	41.19a
	49.81a
	70.87a
	92.70a
	2.66b
	2.86b
	22.69b
	25.55b
	3.11b
	3.35b

	  33,300 
	41.51a
	50.01a
	70.69a
	92.86a
	2.92a
	3.12a
	23.06a
	25.85a
	3.58a
	3.86a

	SE±
	2.385
	3.816
	3.281
	3.926
	0.091
	0.087
	0.817
	0.799
	0.461
	0.691

	Seedling Age (days)
	
	
	
	
	
	
	
	
	
	

	20 
	37.67c
	46.66c
	67.30d
	89.33d
	2.66c
	2.85c
	20.94d
	23.79d
	2.62d
	2.91d

	30 
	39.92b
	49.08b
	69.33b
	91.32b
	2.71b
	2.90b
	22.54c
	25.31c
	2.74c
	3.01c

	40 
	46.09a
	55.25a
	73.92a
	95.93a
	2.81a
	3.00a
	24.27a
	27.12a
	3.59a
	3.82a

	50 
	34.03d
	43.18d
	68.15c
	90.14c
	2.66c
	2.86c
	22.95b
	25.82b
	3.23b
	3.46b

	SE±
	3.211
	3.927
	4.167
	4.613
	0.079
	0.089
	0.927
	0.892
	0.417
	0.701

	Interactions 
	
	
	
	
	
	
	
	
	
	

	PD x SA
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Means followed by the same letter(s) within a column in each treatment are not significantly different at 5% using DNMRT. *= Significant at 5%, NS= not significant. WAT= Weeks after transplanting.





	Table 3: Relative Growth Rate, Net assimilation rate, Number fruits plant-1, Mean fruit weight, Mean fruit weight plant-1 and Fresh fruit yield of chilli pepper varieties as affected by plant population density and seedling age during 2022 and 2023 rainy seasons in Nigerian northern guinea savannah

	Treatment
	Relative Growth Rate (g g-1 week-1) (11WAT)
	Number fruits plant-1
	Mean Fruit weight (g)

	Mean Fruits Weight Plant-1 (g)

	Fresh Fruit yield (t ha-1)


	
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023

	Population Density (plants ha-1)
	
	
	
	
	
	
	
	
	
	

	100,000 
	0.36b
	0.43b
	35.34c
	40.58c
	2.46c
	2.76c
	90.22c
	114.61c
	3.02c
	3.81c

	  50,000 
	0.38a
	0.44a
	46.92b
	52.02b
	3.34a
	3.63a
	163.16a
	194.51a
	4.35a
	5.20a

	  33,300 
	0.37a
	0.44a
	50.60a
	55.86a
	2.94b
	3.20b
	154.90b
	183.55b
	3.35b
	3.98b

	SE±
	0.029
	0.027
	2.889
	3.912
	0.179
	0.231
	4.816
	5.816
	0.267
	0.311

	Seedling Age (days)
	
	
	
	
	
	
	
	
	
	

	20 
	0.37b
	0.44a
	39.52d
	44.78d
	2.63c
	2.92c
	111.89c
	137.52c
	2.94c
	3.61c

	30 
	0.38a
	0.44a
	42.53c
	47.69c
	2.91b
	3.20b
	128.77b
	156.32b
	3.39b
	4.13b

	40 
	0.38a
	0.44a
	50.79a
	55.92a
	3.25a
	3.55a
	173.39a
	205.72a
	4.51a
	5.38a

	50 
	0.37b
	0.43c
	44.31b
	49.55b
	2.86b
	3.12b
	130.32b
	157.33b
	3.45b
	4.19b

	SE±
	0.031
	0.029
	3.289
	4.093
	0.245
	0.371
	5.471
	6.386
	0.318
	0.389

	Interactions 
	
	
	
	
	
	
	
	
	
	

	PD x SA
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	*
	*

	Means followed by the same letter(s) within a column in each treatment are not significantly different at 5% using DNMRT. *= Significant at 5%, NS= not significant. WAT= Weeks after transplanting.





	Table 4: Population density x Seedling age interaction on fresh fruits yield (t ha-1) in 2022 and 2023 rainy season.

	2022 Season

	
	Seedling Age (Days)

	Population Density (plants ha-1)
	20
	30
	40
	50

	100,000 
	2.39g
	2.96f
	3.51d
	3.20de

	  50,000 
	3.66d
	4.12bc
	5.50a
	4.09c

	  33,300 
	2.76fg
	3.09e
	4.49b
	3.03e

	SE±
	0.317

	2023 Season

	
	Seedling Age (Days)

	Population Density (plants ha-1)
	20
	30
	40
	50

	100,000 
	3.04g
	3.74e
	4.38cd
	4.09d

	  50,000 
	4.43cd
	4.91c
	6.49a
	4.94c

	  33,300 
	3.35f
	3.72e
	5.27b
	3.53ef

	SE±
	0.356

	Means followed by the same letter(s) are not significantly different at 5% level of significance using DNMRT
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