CORRELATION DYNAMICS AMONG YIELD, GROWTH, AND YIELD CHARACTERS OF CHILLI PEPPER (Capsicum annum L.) VARIETIES AS AFFECTED BY PLANT POPULATION DENSITY AND SEEDLING AGE IN ZURU, KEBBI STATE

ABSTRACT
The experiments were conducted to examined the correlation among growth and yield components of chilli pepper (Capsicum annum L.) as influenced by plant population density and seedling age over three consecutive rainy seasons (2022, 2023, and 2024) in Zuru, Northern Guinea Savanna of Nigeria. The objective was to investigate the correlation among growth traits, yield components, and fruit yield of chilli pepper under different planting densities and seedling ages. 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)), four seedling age (20days, 30days, 40days and 50days) and three varieties of chilli pepper (Demon F1, MIHP-1041 and Local Cultivar). Factorial combinations of plant population density and seedling age were allocated to the main-plots while varieties were assigned to the sub-plots in a split plot design, replicated three times. The size of each sub-plot was 3 x 3 m (9m2) and the net plot measured 4m2. Pearson’s correlation coefficients were computed among twelve agronomic traits, including fresh fruit yield, plant height, leaves per plant, branches per plant, leaf area index, shoot dry weight, crop growth rate, number of fruits per plant, fruit length, fruit diameter, fruit weight, and number of seeds per fruit. Results revealed significant positive correlations between fresh fruit yield and several growth and yield parameters across the three seasons. The strongest and most consistent correlations were observed between yield and number of fruits per plant (r = 0.814–0.800**), mean fruit weight (r = 0.935–0.932**), shoot dry weight (r = 0.751–0.761**), and branches per plant (r = 0.719–0.707**). Variations in correlation magnitudes across years were attributed to climatic fluctuations and density–age interactions. These findings indicate that mean fruit weight, number of fruits per plant, shoot biomass, and branching can serve as reliable selection indices for improving chilli yield under the Northern Guinea Savanna conditions.
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1.0 INTRODUCTION
Chilli pepper (Capsicum annum L.) is a major vegetable crop cultivated across tropical and subtropical regions of the world for its nutritional, culinary, and economic importance. In Nigeria, pepper is among the leading horticultural commodities contributing to income generation and food security [1]. Despite its importance, the yield potential of chilli in the Northern Guinea Savanna remains underexploited due to agronomic constraints such as improper plant spacing, suboptimal seedling age at transplanting, and variable soil fertility [2].
Understanding how growth and yield attributes relate to one another is crucial for improving productivity and breeding efficiency. Correlation analysis is a statistical approach that quantifies the degree of association between traits, helping identify key growth or morphological parameters that most strongly influence yield [1]. Positive and significant correlations between yield and its components indicate that selection for one trait may indirectly enhance yield. Previous studies on Capsicum species have shown that yield is closely linked with fruit weight, number of fruits per plant, plant height, and vegetative biomass [3]. However, these relationships are often influenced by environmental factors such as rainfall variability, temperature, and soil moisture, which fluctuate annually.
Plant population density and seedling age are critical management factors that determine plant architecture, canopy development, and competition for growth resources. Consequently, these factors may modify the relationships among traits over time. Therefore, assessing correlation patterns under varied population densities and seedling ages across multiple years provides valuable insight into the stability and predictability of trait associations. This study aimed to evaluate the correlation among growth and yield traits of chilli pepper under varying plant densities and seedling ages across three rainy seasons (2022–2024) and identify traits that consistently correlate with yield across years.
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)), four seedling age (20days, 30days, 40days and 50days) and three varieties of chilli pepper (Demon F1, MIHP-1041 and Local Cultivar). Factorial combinations of plant population density and seedling age were allocated to the main-plots while varieties were assigned to the sub-plots in a split plot design, replicated three times. 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 three (3) seed bed for raising three (3) different varieties 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 fresh fruit yield, plant height, leaves per plant, branches per plant, leaf area index, shoot dry weight, crop growth rate, number of fruits per plant, fruit length, fruit diameter, fruit weight, and number of seeds per fruit. Pearson’s correlation coefficients (r) were computed among all measured traits using standard statistical procedures (SAS 9.4). Significance was tested at the 5% (*) and 1% (**) probability levels. Separate correlation matrices were generated for each cropping season (2022, 2023, 2024). The interpretation focused on the direction, magnitude, and consistency of correlations across years.
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.
3.1 2022 Season
The correlation matrix (Table 2) presents the relationships among growth, yield, and yield-related traits of chilli pepper varieties as influenced by plant population density and seedling age during the 2022 rainy season in Zuru. The results reveal that most growth and yield parameters were positively and significantly correlated, suggesting that improvement in one character could lead to enhancement of others.
Fresh fruit yield (t/ha) showed strong and highly significant (p ≤ 0.01) positive correlations with several traits including mean fruit weight (r = 0.935), number of fruits per plant (r = 0.814), shoot dry weight (r = 0.751), branches per plant (r = 0.719), and plant height (r = 0.613). This indicates that higher fruit weight, greater fruit number, and vigorous vegetative growth are the major contributors to total fruit yield. These findings agree with those of Awasthi et al. [4] and Aye and Uwah [5] who reported that fruit weight and fruit number are the most direct determinants of yield in Capsicum species. Similarly, Shuweta et al. [6] observed that yield in pepper is closely related to shoot biomass and fruit number, which serve as reliable indicators of yield potential.
Fresh fruit yield was also significantly correlated with leaf area index (r = 0.491) and crop growth rate (r = 0.498), implying that greater canopy development and efficient photosynthetic activity enhance assimilate production, which supports fruit filling. The positive relationship between leaf area index and yield agrees with the findings of Goo et al. [7] and Muharam et al. [8], who reported that high LAI increases light interception and photosynthetic rate, leading to improved fruit yield in chilli and bell pepper.
The strong correlation between mean fruit weight and fresh fruit yield (r = 0.935), as well as between number of fruits per plant and yield (r = 0.814), suggests that both fruit size and fruit number jointly influence total yield. This confirms the importance of these two components as the primary yield determinants in chilli pepper production. Similar trends were observed by Chitra et al. [9], who reported that selection for higher fruit weight and fruit number per plant could effectively improve yield in Capsicum annuum. In addition, mean fruit diameter (r = 0.581) and number of seeds per fruit (r = 0.565) also showed significant correlations with yield, indicating that larger and well-seeded fruits contribute to higher total output.
Among vegetative growth traits, plant height (r = 0.613), branches per plant (r = 0.719), and shoot dry weight (r = 0.751) had significant positive associations with yield, suggesting that vigorous vegetative growth enhances yield potential by providing a greater photosynthetic surface and supporting fruit set. This agrees with the findings of Osman et al. [10], who noted that taller and well-branched pepper plants with higher dry matter accumulation generally produce higher yields due to efficient assimilate partitioning.
In contrast, mean fruit length (r = 0.570) exhibited a moderate but significant positive correlation with yield, while its association with most vegetative traits was weak or non-significant. This indicates that although fruit length contributes to yield, it plays a lesser role compared to fruit weight and number of fruits per plant. The non-significant correlation of mean fruit length with some parameters such as crop growth rate and mean fruit diameter suggests possible physiological trade-offs between fruit elongation and overall fruit biomass accumulation, as described by Ndukwe et al. [11].
The inter-relationships among growth parameters further revealed strong positive correlations, particularly between shoot dry weight and crop growth rate (r = 0.779), and between leaf area index and shoot dry weight (r = 0.584). These relationships emphasize the role of biomass accumulation and photosynthetic efficiency in driving crop productivity. According to Gao et al. [12], shoot dry weight and CGR are reliable indicators of assimilate production and distribution, which ultimately determine reproductive success and yield performance in peppers.
3.2 2023 Season
Table 3 presents the correlation matrix among yield, growth, and yield-related characters of chilli pepper varieties as influenced by plant population density and seedling age during the 2023 rainy season in Zuru. The results revealed that fresh fruit yield per hectare showed strong and highly significant (p ≤ 0.01) positive correlations with almost all measured traits, indicating that improvement in these growth and yield parameters could directly enhance fruit yield.
Fresh fruit yield exhibited highly significant positive relationships with number of fruits per plant (r = 0.782), shoot dry weight (r = 0.753), mean fruit weight (r = 0.932), branches per plant (r = 0.708), and mean fruit length (r = 0.587). This suggests that both vegetative vigor and fruiting capacity play vital roles in determining total yield. The strong correlation between fruit yield and mean fruit weight agrees with the findings of Moussa et al. [13], who reported that fruit weight and number of fruits are major determinants of yield performance in chilli pepper under varying plant densities. Similarly, Rahman et al. [14] observed that shoot biomass and branching pattern significantly enhance assimilate partitioning toward fruit formation, resulting in higher yields.
A positive and significant correlation was also observed between plant height and branches per plant (r = 0.566), as well as between plant height and shoot dry weight (r = 0.631), indicating that taller plants tend to produce more branches and higher biomass. This is consistent with the findings of Okoli et al. [15], who reported that plant height and vegetative growth are reliable indicators of the photosynthetic capacity and yield potential in Capsicum species. The association between leaf area index and shoot dry weight (r = 0.701) was also strong and significant, suggesting that larger leaf area contributes to better light interception and dry matter accumulation, as reported by Aminu et al. [16] in a study on pepper growth indices in the savannah zone.
Furthermore, number of fruits per plant correlated significantly with mean fruit length (r = 0.868) and fruit diameter (r = 0.889), implying that plants capable of producing larger fruits also tend to bear more fruits per plant. Similar relationships have been observed by Shah et al. [17] in sweet pepper, where fruit size parameters strongly influenced marketable yield. Number of seeds per fruit was also positively correlated with number of fruits per plant (r = 0.768) and mean fruit diameter (r = 0.750), confirming that seed set efficiency contributes to fruit development and overall yield.
The high and positive interrelationships among vegetative and reproductive traits demonstrate that the traits are mutually reinforcing and could be used as selection indices for yield improvement. Traits such as shoot dry weight, number of fruits per plant, and mean fruit weight emerged as the most reliable yield indicators due to their strong association with total fruit yield. These findings align with those of Hussain et al. [18], who emphasized that dry matter accumulation and fruit number are major components of yield variance in chilli pepper under tropical conditions.
3.3 2024 Season
Table 4 presents the correlation coefficients among yield, growth, and yield-related traits of chilli pepper varieties as influenced by plant population density and seedling age during the 2024 rainy season in the Northern Guinea savannah of Nigeria. The results reveal that fresh fruit yield per hectare was highly and positively correlated (p ≤ 0.01) with almost all growth and yield attributes measured, suggesting that improvement in these traits could directly enhance fruit yield.
The fresh fruit yield showed strong and significant associations with number of fruits per plant (r = 0.800), shoot dry weight (r = 0.761), mean fruit weight (r = 0.932), and branches per plant (r = 0.707). This implies that plants with more branches and higher dry matter accumulation produced a greater number of fruits and heavier fruits, which consequently increased total yield per hectare. Similar findings were reported by Moussa et al. [13] and Rahman et al. [14], who observed that yield in chilli pepper is primarily dependent on fruit number and average fruit weight under different spacing and planting ages.
Additionally, plant height (r = 0.568), leaf area index (r = 0.463), and crop growth rate (r = 0.498) were also positively correlated with fresh fruit yield. This indicates that taller plants with broader leaf canopies and higher growth rates tend to achieve greater photosynthetic activity, leading to enhanced assimilate production and improved yield. According to Okoli et al. [15], plant height and leaf area index are strong indicators of light interception and resource utilization efficiency in Capsicum species, which directly affect fruit yield.
The number of fruits per plant also showed a highly significant positive correlation with shoot dry weight (r = 0.816), mean fruit length (r = 0.891), and mean fruit diameter (r = 0.895). These relationships suggest that vigorous plants with greater biomass not only bear more fruits but also tend to produce longer and larger fruits, enhancing marketable yield. This observation agrees with Shah et al. [17], who noted that fruit length and diameter are critical contributors to overall yield and quality in sweet pepper.
Furthermore, shoot dry weight was strongly correlated with leaf area index (r = 0.701) and crop growth rate (r = 0.795), showing that plants with higher leaf area indices and faster growth rates accumulate more dry matter. This result corroborates the findings of Aminu et al. [16], who reported that leaf area expansion and biomass accumulation are crucial factors determining yield potential in pepper species cultivated in the savannah zones of Nigeria.
The mean fruit diameter had significant positive correlations with mean fruit length (r = 0.863), number of fruits per plant (r = 0.895), and fresh fruit yield (r = 0.667), demonstrating that larger fruits contribute substantially to overall yield. Similarly, number of seeds per fruit correlated positively with mean fruit diameter (r = 0.676) and number of fruits per plant (r = 0.761), indicating that seed formation efficiency is closely tied to fruit size and productivity. These findings are in line with Hussain et al. [18], who reported that fruit and seed attributes in chilli pepper are interconnected and are reliable yield determinants under tropical field conditions.
4.0 Conclusion and Recommendations
This multi-year correlation study demonstrates that yield in chilli pepper is strongly influenced by fruit weight, number of fruits per plant, shoot dry weight, and branch number. These traits consistently maintained high positive correlations with yield across the 2022–2024 cropping seasons in Zuru.
4.1 Conclusions
Based on the results of this study, it could be concluded that, Mean fruit weight and number of fruits per plant are the most reliable predictors of fresh fruit yield. Shoot dry biomass and branching contribute significantly to yield formation through improved photosynthetic capacity and reproductive efficiency.
4.2 Recommendations
From the findings of this study, the following recommendations could be made:
i. Breeding programs should prioritize selection for high fruit weight, prolific branching, and vigorous shoot growth to enhance yield potential.
ii. Agronomic practices optimizing plant density and seedling age should aim to support these traits.
iii. Further studies using path coefficient analysis should be conducted to partition direct and indirect effects of these traits on yield.
iv. Multi-location trials are recommended to validate trait stability under diverse environmental conditions.


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

	
	2022
	2023
	2024

	Particles size Analysis
	
	
	

	PH
	6.60
	6.11
	6.49

	Organic Carbon %
	1.04
	0.87
	1.01

	Organic Matter %
	1.79
	2.01
	1.86

	Total N %
	0.084
	0.093
	0.089

	P mg/kg
	0.93
	1.05
	0.98

	CaCmol/kg
	0.50
	0.78
	0.72

	Na Cmol/kg
	0.52
	0.62
	0.58

	Mg Cmol/kg
	0.80
	0.74
	0.79

	K Cmol/kg
	1.95
	2.56
	2.06

	CEC Cmol/kg
	8.40
	8.94
	8.46

	Sand %
	63.3
	61.7
	62.3

	Silt %
	24.9
	28.2
	26.4

	Clay %
	11.8
	10.1
	11.3












	



	Table 2: Correlation matrix among yield, growth and yield characters of chilli pepper varieties as affected by plant population density and seedling age during 2022 rainy seasons in Nigerian northern guinea savannah

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Fresh fruit yield/ha
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Plant height (9WAT)
	0.613**
	1.000
	
	
	
	
	
	
	
	
	
	

	Leaves/plant (9WAT)
	0.427**
	0.543**
	1.000
	
	
	
	
	
	
	
	
	

	Branches/plant (9WAT)
	0.719**
	0.537**
	0.589**
	1.000
	
	
	
	
	
	
	
	

	Leaf Area Index (9WAT)
	0.491**
	0.489**
	0.369**
	0.413**
	1.000
	
	
	
	
	
	
	

	Shoot Dry Weight (9WAT)
	0.751**
	0.628**
	0.557**
	0.675**
	0.584**
	1.000
	
	
	
	
	
	

	Crop Growth Rate (9WAT)
	0.498**
	0.389**
	0.444**
	0.411**
	0.779**
	0.609**
	1.000
	
	
	
	
	

	Number of Fruits/plant
	0.814**
	0.583**
	0.462**
	0.647**
	0.818**
	0.763**
	0.791**
	1.000
	
	
	
	

	Mean Fruit Length
	0.570**
	0.146ns
	0.158ns
	0.160ns
	0.094ns
	0.529**
	0.136ns
	0.192ns
	1.000
	
	
	

	Mean Fruit Diameter
	0.581**
	0.437**
	0.216*
	0.364**
	0.806**
	0.088ns
	0.824**
	0.820**
	-0.149ns
	1.000
	
	

	Mean Fruit Weight
	0.935**
	0.524**
	0.184ns
	0.627**
	0.535**
	0.625**
	0.514**
	0.789**
	-0.127ns
	0.678**
	1.000
	

	Number of Seeds/fruit
	0.565**
	0.311**
	0.377**
	0.494**
	0.590**
	0.512**
	0.776**
	0.699**
	0.096ns
	0.758**
	0.579**
	1.000

	1. Fresh fruit yield/ha, 2. Plant height (9WAT), 3. Leaves/plant (9WAT), 4. Leaf Area Index (9WAT), 5. Shoot Dry Weight (9WAT), 6. Crop Growth Weight (9WAT), 7. Number of fruits/plant, 8. Mean Fruit Length, 9. Mean Fruit Diameter, 10. Mean Fruit Weight, 11. Number Seeds/fruit, 12. Weight of 1000 Seeds. ns= not significant at 5%, *=significant at 5%, **= significant at 1%  






	Table 3: Correlation matrix among yield, growth and yield characters of chilli pepper varieties as affected by plant population density and seedling age during 2023 rainy seasons in Nigerian northern guinea savannah

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Fresh fruit yield/ha
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Plant height (9WAT)
	0.574**
	1.000
	
	
	
	
	
	
	
	
	
	

	Leaves/plant (9WAT)
	0.399**
	0.490**
	1.000
	
	
	
	
	
	
	
	
	

	Branches/plant (9WAT)
	0.708**
	0.566**
	0.468**
	1.000
	
	
	
	
	
	
	
	

	Leaf Area Index (9WAT)
	0.439**
	0.470**
	0.243*
	0.318**
	1.000
	
	
	
	
	
	
	

	Shoot Dry Weight (9WAT)
	0.753**
	0.631**
	0.391**
	0.701**
	0.569**
	1.000
	
	
	
	
	
	

	Crop Growth Rate (9WAT)
	0.474**
	0.399**
	0.310**
	0.307**
	0.814**
	0.610**
	1.000
	
	
	
	
	

	Number of Fruits/plant
	0.782**
	0.567**
	0.270**
	0.562**
	0.817**
	0.758**
	0.816**
	1.000
	
	
	
	

	Mean Fruit Length
	0.587**
	0.396**
	0.233*
	0.395**
	0.879**
	0.692**
	0.168ns
	0.892**
	1.000
	
	
	

	Mean Fruit Diameter
	0.679**
	0.553**
	0.040ns
	0.360**
	0.844**
	0.670**
	0.708**
	0.889**
	0.873**
	1.000
	
	

	Mean Fruit Weight
	0.932**
	0.509**
	-0.015ns
	-0.072ns
	0.515**
	0.633**
	0.511**
	0.776**
	0.623**
	0.753**
	1.000
	

	Number of Seeds/fruit
	0.513**
	0.245*
	0.244*
	0.334**
	0.595**
	0.493**
	0.068ns
	-0.090ns
	0.750**
	0.634**
	0.556**
	1.000

	1. Fresh fruit yield/ha, 2. Plant height (9WAT), 3. Leaves/plant (9WAT), 4. Leaf Area Index (9WAT), 5. Shoot Dry Weight (9WAT), 6. Crop Growth Weight (9WAT), 7. Number of fruits/plant, 8. Mean Fruit Length, 9. Mean Fruit Diameter, 10. Mean Fruit Weight, 11. Number Seeds/fruit, 12. Weight of 1000 Seeds. ns= not significant at 5%, *=significant at 5%, **= significant at 1%  






	Table 4: Correlation matrix among yield, growth and yield characters of chilli pepper varieties as affected by plant population density and seedling age during 2024 rainy seasons in Nigerian northern guinea savannah

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Fresh fruit yield/ha
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Plant height (9WAT)
	0.568**
	1.000
	
	
	
	
	
	
	
	
	
	

	Leaves/plant (9WAT)
	0.478**
	0.489**
	1.000
	
	
	
	
	
	
	
	
	

	Branches/plant (9WAT)
	0.707**
	0.566**
	0.468**
	1.000
	
	
	
	
	
	
	
	

	Leaf Area Index (9WAT)
	0.463**
	0.468**
	0.251*
	0.320**
	1.000
	
	
	
	
	
	
	

	Shoot Dry Weight (9WAT)
	0.761**
	0.632**
	0.390**
	0.701**
	0.572**
	1.000
	
	
	
	
	
	

	Crop Growth Rate (9WAT)
	0.498**
	0.394**
	0.305**
	0.308**
	0.795**
	0.612**
	1.000
	
	
	
	
	

	Number of Fruits/plant
	0.800**
	0.601**
	0.270**
	0.561**
	0.816**
	0.645**
	0.804**
	1.000
	
	
	
	

	Mean Fruit Length

	0.586**
	0.420**
	0.273**
	0.373**
	0.889**
	0.757**
	0.891**
	0.895**
	1.000
	
	
	

	Mean Fruit Diameter
	0.667**
	0.572**
	0.103ns
	0.345**
	0.844**
	0.678**
	0.801**
	-0.068ns
	0.063ns
	1.000
	
	

	Mean Fruit Weight
	0.932**
	0.491**
	-0.035ns
	0.566**
	0.528**
	0.642**
	0.518**
	-0.086ns
	0.625**
	0.760**
	1.000
	

	Number of Seeds/fruit
	0.528**
	0.242*
	0.246*
	0.330**
	0.583**
	0.632**
	0.761**
	0.081ns
	0.762**
	0.676**
	0.569**
	1.000

	1. Fresh fruit yield/ha, 2. Plant height (9WAT), 3. Leaves/plant (9WAT), 4. Leaf Area Index (9WAT), 5. Shoot Dry Weight (9WAT), 6. Crop Growth Weight (9WAT), 7. Number of fruits/plant, 8. Mean Fruit Length, 9. Mean Fruit Diameter, 10. Mean Fruit Weight, 11. Number Seeds/fruit, 12. Weight of 1000 Seeds. ns= not significant at 5%, *=significant at 5%, **= significant at 1%  
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