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Abstract 

This study investigates the physiological processes affecting the grain yield of cowpea (Vigna 
unguiculata), a key protein, vitamin, and mineral source in human diets. Gaining an 
understanding of these mechanisms can be crucial for developing high-yielding cowpea varieties 
in breeding programs. A field experiment was conducted with 30 treatments, including three 
sowing dates (Early August, Late August, Early September) and ten cowpea genotypes (UAM09-
1051-1, UAM09-1046-6-1, UAM14-126-L33, IT99K-573-1-1, IT89KD-288, UAM14-126-L6, 
UAM14-122-17-7, UAM14-123-18-3, UAM14-127-20-1-1, and UAM14-130-20-4). These 
treatments were arranged in a split-plot design within a Randomized Complete Block Design, 
replicated three times. Key physiological traits like Leaf Area Index (LAI), Intercepted 
Photosynthetically Active Radiation (IPAR), Stomatal Conductance, Photosynthetic Rate, 
Transpiration Rate, and Chlorophyll Content were measured. Data collected were analyzed using 
correlation and path coefficient methods; the results showed significant positive correlations 
between grain yield and traits like LAI, stomatal conductance, and photosynthetic rate. In 
contrast, the transpiration rate negatively correlated with yield. Path analysis revealed that the 
net photosynthetic rate had the most direct impact on grain yield, highlighting its role in 
photosynthesis and grain filling. The study suggests that cowpea breeding efforts should focus on 
improving photosynthetic efficiency and optimizing traits like LAI and stomatal conductance to 
boost cowpea grain yields. 
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Contribution of this paper to the literature 
This study is original in its use of path coefficient analysis to quantify the direct, indirect, and 
total contributions of physiological traits, such as LAI, IPAR, chlorophyll content, and gas 
exchange parameters to cowpea grain yield. It provides new insights into trait interactions, 
supporting targeted breeding for higher, stress-resilient yields. 

 
1. Introduction 

Cowpea (Vigna unguiculata L. Walp) is widely cultivated in the tropical and subtropical regions of Africa, 

primarily for its edible seeds, green pods, and nutritious leaves, which are consumed as vegetables. It serves as a 

crucial source of calories and protein for millions of people in developing countries [1, 2]. Additionally, cowpea is 

an affordable and important source of protein, vitamins, and minerals in the human diet, and it also serves as 

healthy fodder for livestock feed [3, 4]. Cowpea is grown on 14.13 million hectares globally, yielding 4.51 million 

metric tons with an average productivity of 387.45 kg/ha [5]. Africa, particularly West Africa, accounts for over 

90% of the world’s production, with Nigeria being the leading producer and consumer in the region, generating 3.6 

million tons in 2021 [6]. 

Cowpea is an important grain legume that is highly adapted to various agro-ecological environments [7]. Its 
resilience under marginal environmental conditions and its capacity for symbiotic nitrogen fixation make it a 
critical food security crop in regions prone to environmental stress [8]. Despite these attributes, improving 
cowpea yield remains a significant challenge, especially due to climate variability and soil nutrient limitations [3]. 
Cowpea yield is an intricate trait that is affected by multiple yield-contributing traits controlled by different genes 
and environmental influences [7].  

A correlation study was conducted to examine the relationships between different traits and their respective 
contributions to yield [9]. Several researchers have explored the connection between these traits to identify key 
factors for selecting high-yielding varieties [10]. The yield of grain legumes is a complex quantitative trait 
influenced by the interaction of various growth and physiological processes [11]. 

Therefore, cowpea yield improvement requires an understanding of the physiological traits that influence yield 
performance. Furthermore, it was noted that physiological traits, including the Leaf Area Index (LAI), the 
Intercepted Photosynthetically Active Radiation (IPAR), the concentration of chlorophyll, and the gas exchange 
parameters (stomatal conductance, photosynthetic rate, and transpiration rate), have a major impact on the 
accumulation of biomass and the potential yield of grain legumes [12, 13]. However, there is inadequate 
information on the complex relative contributions of these traits, whether direct or indirect, to grain yield. 

The path coefficient analysis is essential for use as a criterion for enhancing yield prediction, management, and 
selection in the improvement of grain yield in cowpea. This could aid in the strategic selection of desirable traits for 
breeding. This study could fill this gap and gather information on the contributions of various physiological 
parameters associated with grain yield and yield-related traits. Therefore, this study on path analysis was carried 
out to dichotomize the direct, indirect, and total contributions of key physiological traits on cowpea grain yield, 
which is an essential approach to identify the critical traits driving yield improvement and to provide an 
understanding of their interconnectedness. 

 

2. Materials and Methods 
2.1. Experimental Site 

Field studies were conducted during the 2021 and 2022 main cropping seasons at the Teaching and Research 
Farm of the Department of Crop Breeding and Genetics, Joseph Sarwun Tarka University (JST-UAM) in Makurdi 

(7°44ˈN, 8°30ˈE, 686 m ASL) in the Northern Guinea Savanna. Prior to the establishment of the field trial, soil 
samples were taken from the location and characterized according to the analytical procedures of the soil 
laboratory of the Department of Soil Science, University of Nigeria, Nsukka. Weather information was collected 
from the AccuWeather Stations installed at the trial site. 
 

2.2. Cowpea Varieties, Sowing Date and Experimental Design 
Ten (10) cowpea varieties and three sowing dates were evaluated. The experimental design was a randomized 

complete block in a split-plot arrangement with three replications. The main plot consisted of the sowing dates of 
early August, late August, and early September. The cowpea varieties were assigned to the subplot. Four medium-
maturing and semi-determinate varieties (IT99K-573-1-1, UAM14-126-L33, UAM14-126-L6, and UAM09-1051-
1, which mature within 75–80 days), and six indeterminate varieties (IT89KD-288, UAM14-122-17-7, UAM14-
123-18-3, UAM14-127-20-1-1, UAM14-130-20-4, UAM09-1046-6-1, which mature within 85–90 days) were used. 
Eight of these varieties were developed by the JST-UAM, while the other two were developed by the IITA. The 
subplots were 3 × 4 m and consisted of four ridges with 75 cm spacing between the ridges and 20 cm between plant 
stands on each ridge. 

The field was disc-harrowed and ridged before planting. The trial was planted as per the scheduled sowing 
dates: on the 5th of August, 19th of August, and 2nd of September, 2021, respectively. In 2022, it was done on the 4th 
of August, the 18th of August, and the 5th of September, respectively. Seeds of the cowpea varieties were planted at a 
depth of 3 cm. Four seeds were planted and later thinned to two stands per hill. Thinning was performed 14 days 
after sowing. At sowing, the recommended fertilizer rate for legumes in the Nigerian savannas of 50 kg of P2O5 in 

the form of SSP was applied. A mixture of pendimethalin (500 g L−1) and Gramoxone (1:1-dimethyl-4,4-

bipyridinium dichloride), at a rate of 1 L ha−1 each, was applied immediately after sowing using a knapsack sprayer. 
This was followed by hoe weeding 4 weeks after sowing. 
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2.3. Data Collection and Evaluation 

The two middle ridges were used for data collection. At the vegetative stage, Leaf Area Index (LAI) and 
intercepted photosynthetically active radiation (IPAR) were measured simultaneously at the full bloom stage using 
the AccuPAR model LP-80 PAR/LAI Ceptometer, following the procedure reported by Kamara et al. [7]. The net 
photosynthetic rate, stomatal conductance, and transpiration rate were measured simultaneously at the full 
flowering and podding stages of cowpea using a portable photosynthesis system, model LI-6400XT (LI-COR 
Biosciences, USA), after calibration according to the manufacturer’s instructions. Relative leaf chlorophyll content 
was measured at the full bloom and podding stages using the Konica Minolta SPAD 502 chlorophyll meters, where 
a minimum of five different measurements was conducted on different plants, and average readings were recorded. 

At pod maturity, the two middle ridges were used for measuring yield components. Pods from the two middle 
ridges (net rows) were harvested, threshed, and seed weight per plot was obtained. The moisture content of grain 
samples from each plot was determined using a V-Tech 3.5 to 40% grain moisture tester, Model SF00000885. 
Grain yield was extrapolated from the total seed weight in grams per plot and adjusted based on moisture content 
(12%) to obtain grain yield in kilograms per hectare (kgha-1) using the relation below. 

Grain Yield (kg haˉ1) =
𝑆𝑒𝑒𝑑𝑠 𝑤𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 (𝑔)

1000
∗

100 − moisture (%)

88%
∗

10000m²

4.5𝑚²
 

Simple correlation coefficients between the grain yield (Y) and physiological characters (X) and within the 
physiological traits themselves were worked out using the following equation after [14]. 

𝑟𝑥ʏ =
𝑛(∑XY) − (∑X)((∑Y)

√[𝑛∑Х2 − (∑Х)2][𝑛∑Ү2 −  (∑Ү)2] 
 

Where: rxʏ = Correlation coefficient between variables X and Y, n = Number of observations, ΣXY = Sum of 

the product of X and Y values, ΣX, ΣY = Sums of X and Y values, respectively, ΣX2, ΣY2 = Sums of squared values 
for X and Y.  

The calculated coefficients were further used to develop the following simultaneous equations, from the general 
path equation using the Poolman Equation, in order to partition the correlations into cause and effect by working 
out the path coefficients (Pi). For the dependent variable Y (grain yield), the path equation is: Y = PXi X1 + PX2X2 

+ PX3X3 + ⋯ + PXnXn + Residual. Where: PXi is the path coefficient (direct effect) of variable Xi on Y. Xi is the 
independent variables, and Residual (PR) is the unaccountable variance by the model. 

𝑟𝑌1 =  𝑃𝑌1 + 𝑃𝑌2 × 𝑟12 + 𝑃𝑌3 × 𝑟13 + 𝑃𝑌4 × 𝑟14 + 𝑃𝑌5 × 𝑟15 + 𝑃𝑌6 × 𝑟16       (1) 

𝑟𝑌2 =  𝑃𝑌1 × 𝑟21 + 𝑃𝑌2 + 𝑃𝑌3 × 𝑟23 + 𝑃𝑌4 × 𝑟24 + 𝑃𝑌5 × 𝑟25 + 𝑃𝑌6 × 𝑟26        (2) 

𝑟𝑌3 =  𝑃𝑌1 × 𝑟31 + 𝑃𝑌2 × 𝑟32 + 𝑃𝑌3 + 𝑃𝑌4 × 𝑟34 + 𝑃𝑌5 × 𝑟35 + 𝑃𝑌6 × 𝑟36        (3) 

𝑟𝑌4 =  𝑃𝑌1 × 𝑟41 + 𝑃𝑌2 × 𝑟42 + 𝑃𝑌3 × 𝑟43 + 𝑃𝑌4 + 𝑃𝑌5 × 𝑟45 + 𝑃𝑌6 × 𝑟46        (4) 

𝑟𝑌5 =  𝑃𝑌1 × 𝑟51 + 𝑃𝑌2 × 𝑟52 + 𝑃𝑌3 × 𝑟53 + 𝑃𝑌4 × 𝑟54 + 𝑃𝑌5 + 𝑃𝑌6 × 𝑟55        (5) 

𝑟𝑌6 =  𝑃𝑌1 × 𝑟61 + 𝑃𝑌2 × 𝑟62 + 𝑃𝑌3 × 𝑟63 + 𝑃𝑌4 × 𝑟64 + 𝑃𝑌5 × 𝑟65 + 𝑃𝑌6        (6) 
From the above Equations PY1, PY2, PY3, PY4, PY5, and PY6 are the path coefficients (Direct effect) 

representing LAI, IPAR, Chlorophyll content, Stomatal conductance SC, Transpiration rate (TR), and 
Photosynthetic rate (PR), while PY2r12, PY3r13, PY4r14, PY5r15, PY6r16, ……. PY4r64, PY5r65 are the indirect effects, 
while r12 …… r65 are the correlation coefficients. The individual percentage contributions are computed using. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐷𝑖𝑟𝑒𝑐𝑡 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 = ( 
Pi

𝑅2
)

2

𝑋 100 

Where, Pi = Direct path coefficient of the ith independent variable. 𝑅2 = Coefficient of determination (sum of the 
direct and indirect contributions of all variables). While the percentage combined contribution (%) of any two 
characters were also computed using the following relation. 

𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 = ( 
(𝑃ᵢ + 𝐼ᵢ)²

𝑅²
) 𝑋 100 

Dewey and Lu [15] Where: Iᵢ is the sum of the indirect effects of the ith variable on the dependent variable 

through other variables. Pi + Iᵢ is the total effect (direct + indirect) of the independent variable. The residual effect 

(Re) was calculated using the relation: 𝑅ₑ =  √1 −  𝑅²  R2 is the coefficient of determination, which measures the 
proportion of the total variance in the dependent variable that is explained by the independent variables. 

3. Results and Discussion 
3.1. Correlation Coefficients (r) between Grain Yield and Physiological Traits in Cowpea 

The results of the correlation analysis revealed some highly significant (p < 0.01) positive associations between 
the physiological components assessed and the grain yield of cowpea (Table 1). LAI showed a strong positive 
correlation with stomatal conductance (r = 0.746) and photosynthetic rate (r = 0.720), which indicates that 
increased leaf area contributes to better gas exchange and photosynthetic efficiency. This is in agreement with the 
studies by Oluwasemire and Odugbenro [16], who demonstrated that higher LAI enhances the plant’s ability to 
intercept light and perform photosynthesis, leading to improved growth and development. However, the negative 
correlation with transpiration rate (r = -0.561) suggests that as the leaf area increases, water loss through 
transpiration decreases, likely due to a more efficient water use system or stomatal regulation. This aligns with the 
findings of Bouranis et al. [17], who discussed the trade-offs between leaf area expansion and water use efficiency 
in crops. The positive correlations between chlorophyll content and both stomatal conductance (r = 0.495) and 
photosynthetic rate (r = 0.353) are expected, as higher chlorophyll content is indicative of better light-harvesting 
capabilities and enhanced photosynthetic activity [18]. The weak negative correlation with transpiration rate (r = 
-0.329) might suggest that plants with higher chlorophyll content manage water more efficiently, similar to 
findings in studies on drought-tolerant varieties of crops [19]. The strong positive association recorded between 
stomatal conductance and photosynthetic rate (r = 0.838) undoubtedly aligns with the physiological role of stomata 

in regulating CO₂ uptake for photosynthesis. As stomatal conductance increases, more CO₂ is available for 
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photosynthetic reactions, which has been well-documented in studies on plant gas exchange [13]. The significant 
negative relationship between stomatal conductance and transpiration rate (r = -0.684) reflects the role of stomata 
in balancing water loss and carbon uptake, a common feature in plants adapted to water-limited environments 
[12]. A strong negative correlation between transpiration rate and photosynthetic rate (r = -0.642) revealed the 
potential for cowpea varieties with lower transpiration rates to maintain higher photosynthetic efficiency. This 
finding is supported by research into the water-use strategies of leguminous crops, where reduced water loss 
through transpiration helps sustain photosynthesis under water stress [12, 16]. There were significant 
correlations between LAI (r = 0.759), chlorophyll content (r = 0.490), stomatal conductance (r = 0.684), 
photosynthetic rate (r = 0.645), and grain yield, suggesting that traits improving carbon assimilation and water use 
efficiency directly contribute to yield formation. This agrees with several studies emphasizing the importance of 
these traits in yield improvement under various stress conditions [16, 19-21].  

Conversely, the negative correlation between transpiration rate and grain yield (r = -0.572) further reinforces 
the idea that efficient water use is critical for optimizing yield in cowpea, a finding supported by studies on the 
physiological responses of cowpea to drought [21]. However, the lack of a significant relationship between IPAR 
and grain yield in this study contrasts with some literature that highlights the importance of IPAR in determining 
crop yield potential [18, 22, 23]. Nevertheless, the weak negative association with chlorophyll content suggests 
that under certain conditions, higher radiation interception does not always translate to better photosynthetic 
performance, especially if other limiting factors, such as nutrient or water availability, constrain growth. 

 
Table 1. Matrix of correlation coefficients (r) showing the association between grain yield and some physiological parameters of cowpea. 

Parameters LAI IPAR 
Chlorophyll 

content 
Stomatal 

conductance 
Transpiration 

rate 
Photosynthetic 

rate 
Grain 
yield 

LAI 1 
      

IPAR -0.087 1 
     

Chlorophyll 0.487** -0.271** 1 
    

Stomatal conductance 0.746** -0.057 0.495** 1 
   

Transpiration rate -0.561** 0.001 -0.329** -0.675** 1 
  

Photosynthetic rate 0.720** -0.038 0.353** 0.838** -0.642** 1 
 

Grain yield 0.759** -0.060 0.490** 0.684** -0.572** 0.645** 1 
Note: ** Correlation is significant at the 0.01 level.   IPAR: Intercepted photosynthetic rate. LAI: Leaf area index 

 

3.2. Direct, Indirect and Total Contributions of Some Physiological Characters to Grain Yield in Cowpea 
The results of the path coefficient revealed that Leaf Area Index (LAI) and Intercepted Photosynthetically 

Active Radiation (IPAR) recorded weak to moderate negative direct effects (-0.187 and -0.330, respectively), but 
strong positive total contributions to grain yield (0.759 and 0.760, respectively) (Table 2). The negative direct 
effects suggest that dense canopy architecture and suboptimal light interception can cause yield reduction as a 
result of mutual shading and resource competition [20]. However, their high indirect contributions through 
Photosynthetic Rate emphasize the importance of canopy architecture in driving efficient utilization of light 
intercepted [20]. Even though the negative direct effect (-0.217) of chlorophyll content on grain yield exists, its 
strong positive total association (0.890) suggests that its contribution is highly effective (0.822) via indirect paths, 
mainly through improvement in Photosynthetic Rate. This finding is in line with the role of chlorophyll as the 
primary pigment for light absorption during photosynthesis [24]. This means that increasing chlorophyll content 
alone may not directly increase the grain yield of cowpea; however, maintaining optimal chlorophyll levels is vital 
for optimizing light interception and carbon assimilation [19]. The study also revealed that Stomatal Conductance 

displayed a strong positive direct effect (0.572) on cowpea grain yield (Table 2), indicating its critical role in CO₂ 
and water vapor exchange regulation between the leaves and the atmosphere [25]. The current study aligns 
closely with the findings of Chikov and Akhtyamova [19], who reported that efficient stomatal conductance can 

improve photosynthetic rates by ensuring adequate CO₂ uptake while minimizing water loss, which is crucial in 
maintaining photosynthesis in varying environmental conditions. The highly strong indirect effect through the net 
Photosynthetic Rate (0.915) confirmed the independent report by Boukar et al. [8], who stated that the 
reinforcement in stomatal conductance indirectly impacts crop yield performance by optimizing the photosynthetic 
machinery. However, under extreme drought conditions, high stomatal conductance may lead to high transpiration 
rates and a potential negative impact on grain yield, as reported by Bouranis et al. [17]. 

The transpiration rate had a moderate positive (0.339) direct effect; however, it had a strong negative (-0.572) 
total contribution to grain yield (Table 2). This conflicting effect highlights the dual responsibility of transpiration 
in plant physiology. While transpiration is necessary for cooling and nutrient uptake, according to Bouranis et al. 
[17], a higher transpiration rate can deplete water resources, especially under drought conditions. The highly 
strong negative (-0.701) indirect contribution through the photosynthetic rate emphasizes that high transpiration 

may affect stomatal regulatory function by closure, leading to a decline in the influx and uptake of CO₂, thus 
resulting in a decrease in photosynthesis.  

The path analysis showed that the Photosynthetic Rate has the highest (1.092) direct effect on grain yield 
(Table 2). This finding aligns with the central role of photosynthesis in biomass accumulation and grain filling, as 
it is the fundamental process converting light energy into chemical energy [26]. Previous studies have shown that 
enhancing photosynthetic efficiency can significantly increase yield, especially in C3 plants like cowpea, which often 
suffer from photorespiration losses [10, 22]. Additionally, the strong indirect effects of the Photosynthetic Rate 
through physiological traits like LAI (0.786) and Stomatal Conductance (0.915) indicate the importance of 
strengthening photosynthetic capacity while optimizing canopy architecture and efficiency in gaseous exchange to 
achieve higher cowpea grain yields. 
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Table 2. Path analysis for direct (Diagonal), indirect (Off diagonal) and total contributions effect of some physiological traits to grain yield 
of cowpea planted during 2021 to 2022 rainfed seasons. 

Parameters LAI IPAR 
Chlorophyll 

content 
Stomatal 

conductance 
Transpiration 

rate 
Photosynthetic 

rate 
Total 
corr. 

LAI -0.187 0.029 -0.105 0.426 -0.190 0.786 0.759** 
IPAR 0.016 -0.330 0.059 0.318 0.000 0.697 0.760** 
Chlorophyll content -0.091 0.090 -0.217 0.397 -0.112 0.822 0.890** 
Stomatal conductance -0.139 -0.184 -0.150 0.572 -0.229 0.915 0.784** 
Transpiration rate 0.105 0.000 0.071 -0.386 0.339 -0.701 -0.572 
Photosynthetic rate -0.134 -0.211 -0.163 0.479 -0.218 1.092 0.845** 

Note: LAI = Leaf area index. IPRA = Intercepted photosynthetic active radiation. ** significant probability at 0.01 level. 

 

3.3. Direct and Combined Contributions (%) of Yield Components to Grain Yield in Cowpea 
The highest percentage (119.2%) direct contribution of photoassimilate to grain yield of cowpea was exhibited 

by the net photosynthetic rate (Figure 1). This is expected because the capacity to produce high amounts of 
photoassimilates and efficient partitioning of carbon compounds towards harvestable organs has shown a major 
impact on crop yield [18, 20]. An increase in the net photosynthetic rate translates into improved dry matter 
accumulation, translocation, and efficient partitioning of photoassimilates for optimal grain filling [22, 27]. 
However, its negative percentage indirect contribution (-24.7%) may indicate competitive allocation of assimilates 
to vegetative growth and possible potential imbalances in the source-sink dynamics [22]. 

The percentage contribution of stomatal conductance was significant, with a 32.7% direct impact on grain yield 

(Figure 1). This explains the efficient regulatory role of stomatal conductance in optimizing the rate of CO₂ entry 
into the leaf mesophyll membrane and the exit of water vapor, thus influencing photosynthetic efficiency [18, 28]. 
High stomatal conductance is associated with better gas exchange and higher transpiration rates, which often 
improve yield in sufficient moisture ecology [22]. The moderate indirect contributions of about 21.2% suggest the 
interconnectedness of stomatal conductance with other physiological processes in cowpea for the maintenance of 
metabolic gaseous exchange equilibrium and efficient nutrient uptake.  

The contributions of about 11.5% of the transpiration rate (Figure 1) directly into cowpea grain are 
physiologically linked to its role in relatively maintaining leaf temperature and driving nutrient flow through the 
plant [10]. However, about -91.1% negative indirect contribution indicates that under extreme transpiration, 
certain conditions, like drought, especially at critical cowpea developmental phases, can lead to excessive loss of 
water through the stomata, resulting in poor grain filling and a subsequent negative impact on grain yield. 

Even though intercepted photosynthetic active radiation contributed relatively 10.9% modestly directly to 
grain yield, in contrast to about 109% high indirect contribution. Canopy architectural characteristics have been 
reported to primarily affect light interception efficiency of plants [16, 18, 20]. The huge indirect contributions 
recorded imply the magnificent role displayed by IPAR through the synergistic interactions with other 
physiological traits like leaf area and chlorophyll content, which translate to canopy light-use efficiency [16]. 

The percentage direct contribution (4.7%) of chlorophyll was significantly low (Figure 1); however, the very 
high indirect contribution of about 110.7% to the grain yield highlights that chlorophyll concentration alone is not 
a direct driver of grain yield in cowpea, but rather enhances the photosynthetic capacity jointly with other 
physiological traits like LAI and IPAR [16, 18, 20]. A high chlorophyll content has been reported to correspond to 
better quality light absorption by the chlorophyll pigments, which facilitates more efficient carbon assimilation 
[17]. 

The result of the current study showed that LAI contributed the lowest percentage (3.5%) of direct 
contribution to grain yield, but had a strong indirect effect (94.5%) on cowpea grain yield. LAI determines the total 
leaf area available for light capture and gaseous exchange, thus playing a fundamental role in determining crop 
growth potential [10]. Its strong indirect effect could be attributed to its interaction with IPAR and 
photosynthetic traits, which together define the crop’s radiation-use efficiency [29]. 

 

 
Figure 1. Direct and indirect contributions (%) of physiological traits on cowpea grain yield. 

 
Figure 2 presents a summary path diagram illustrating the associations between various physiological traits 

and their effects on cowpeas' grain yield. 
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Figure 2. Summary path diagram showing association of some effects of physiological traits to grain yield of cowpea. 

 

4. Conclusion 
The simple correlation analysis revealed a highly significant and positive association between and among most 

of the physiological components assessed and grain yield. The path coefficient analysis explained the contribution 
of physiological traits to cowpea grain yield through direct and indirect pathways. Photosynthetic rate and 
stomatal conductance had highly significant direct effects, making them primary targets for breeding programs 
aimed at enhancing yield. On the other hand, traits like LAI, IPAR, and chlorophyll content contribute mainly 
through indirect interactions, suggesting that these traits are critical for improving the overall efficiency of the 
photosynthetic system and canopy structure. 
 

References 
[1] B. Singh, H. A. Ajeigbe, S. A. Tarawali, S. Fernandez-Rivera, and M. Abubakar, "Improving the production and utilization of 

cowpea as food and fodder," Field Crops Research, vol. 84, no. 1-2, pp. 169-177, 2003.  https://doi.org/10.1016/s0378-
4290(03)00148-5 

[2] A. Y. Kamara et al., "Integrating planting date with insecticide spraying regimes to manage insect pests of cowpea in north-eastern 
Nigeria," International Journal of Pest Management, vol. 56, no. 3, pp. 243-253, 2010.  https://doi.org/10.1080/09670870903556351 

[3] C. Musvosvi, "Morphological characterisation and interrelationships among descriptors in some cowpea genotypes," J. Afri. Crop 
Sci., vol. 9, pp. 501-507, 2009.  

[4] A. Y. Kamara, L. O. Omoigui, N. Kamai, S. U. Ewansiha, and H. A. Ajeigbe, Improving cultivation of cowpea in West Africa. In 
Achieving sustainable cultivation of grain legumes Volume 2: Improving cultivation of particular grain legumes, (pp. 1–18). Burleigh Dodds 
Series in Agricultural Science. Burleigh Dodds Science Publishing. https://doi.org/10.19103/AS.2017.0023.30, 2016. 

[5] S. C. Malagi, "Response of cowpea genotypes to plant density and fertilizer levels under rainfed vertisols," Degree of Master of 
Science, Department of Agronomy College of Agriculture, Dharwad. University of Agricultural Sciences, 2005.  

[6] CGIAR, "The Africa food systems forum 2024 annual summit held from 2 to 6 September 2024 in Kigali, Rwanda," 2024. 
Retrieved: https://www.cgiar.org/news-events/event/africa-food-systems-forum-2024. 2024. 

[7] A. Y. Kamara, K. Abdullahi, I. Tofa, S. Solomon, A. A. Hakeem, and N. Kamai, "Effects of plant density on the performance of 
cowpea in Nigerian savannas," Experimental Agriculture, vol. 54, no. 1, pp. 120-132, 2018.  

[8] O. Boukar, C. A. Fatokun, B. Huynh, P. A. Roberts, and T. J. Close, "Genetic improvement of cowpea for human health and 
nutrition," Plant Breeding Reviews, vol. 40, pp. 1-30, 2016.  

[9] M. S. Mohammed, Z. Russom, and S. D. Abdul, "Inheritance of hairiness and pod shattering, heritability and correlation studies in 
crosses between cultivated cowpea (Vigna unguiculata (L.) Walp.) and its wild (var. pubescens) relative," Euphytica, vol. 171, no. 3, 
pp. 397-407, 2010.  

[10] E. Ankrumah and S. U. Yahaya, "Growth response of soybean (Glycine max (L.) Merrill.) to Nitrogen, Phosphorus and Rhizobium 
inoculation in the Sudan Savanna," Journal of Dryland Agriculture, vol. 2, no. 1, pp. 86–98, 2016.  

[11] T. Lawson and M. R. Blatt, "Stomatal size, speed, and responsiveness impact on photosynthesis and water use efficiency," Plant 
physiology, vol. 164, no. 4, pp. 1556-1570, 2014.  https://doi.org/10.1104/pp.114.237107 

[12] R. C. Silva, D. S. Almeida, and T. F. Souza, "Chlorophyll fluorescence and gas exchange as indicators of productivity in cowpea 
under drought conditions," Environmental and Experimental Botany, vol. 170, p. 103848, 2020.  

[13] R. S. Parker, G. M. Macbean, and P. D. Jones, "Physiological analysis of gas exchange and water relations in leguminous crops 
under varying light intensities," Journal of Experimental Botany, vol. 70, no. 11, pp. 3133-3145, 2019.  

[14] J. M. Poolman, Breeding sugar beets. breeding field crops. New York: Holt Rinehart and Winston Inc, 1959. 

[15] D. R. Dewey and K. Lu, "A correlation and path‐coefficient analysis of components of crested wheatgrass seed production 1," 
Agronomy Journal, vol. 51, no. 9, pp. 515-518, 1959.  https://doi.org/10.2134/agronj1959.00021962005100090002x 

[16] K. O. Oluwasemire and G. O. Odugbenro, "Solar radiation interception, dry matter production and yield among different plant 
densities of Arachis spp. in Ibadan, Nigeria," Agricultural Sciences, vol. 5, no. 10, pp. 864-874, 2014.  
https://doi.org/10.4236/as.2014.510093 

https://doi.org/10.1016/s0378-4290(03)00148-5
https://doi.org/10.1016/s0378-4290(03)00148-5
https://doi.org/10.1080/09670870903556351
https://doi.org/10.19103/AS.2017.0023.30
https://www.cgiar.org/news-events/event/africa-food-systems-forum-2024
https://doi.org/10.1104/pp.114.237107
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.4236/as.2014.510093


Agriculture and Food Sciences Research, 2025, 12(1): 42-48 

48 
© 2025 by the authors; licensee Asian Online Journal Publishing Group 

 

 

[17] D. L. Bouranis, A. Dionias, S. N. Chorianopoulou, G. Liakopoulos, and D. Nikolopoulos, "Distribution profiles and interrelations of 
stomatal conductance, transpiration rate and water dynamics in young maize laminas under nitrogen deprivation," American 
Journal of Plant Sciences, vol. 5, no. 5, pp. 659-670, 2014.  https://doi.org/10.4236/ajps.2014.55080 

[18] S. P. Long, X. G. ZHU, S. L. Naidu, and D. R. Ort, "Can improvement in photosynthesis increase crop yields?," Plant, Cell & 
Environment, vol. 29, no. 3, pp. 315-330, 2006.  https://doi.org/10.1111/j.1365-3040.2005.01493.x 

[19] V. I. Chikov and G. A. Akhtyamova, "Photorespiration and its role in the regulation of photosynthesis and plant productivity," 
American Journal of Plant Sciences, vol. 10, no. 12, pp. 2158-2742, 2019.  

[20] M. Pandey, A. K. Srivastava, S. F. D'Souza, and S. Penna, "Thiourea, a ROS scavenger, regulates source-to-sink relationship to 
enhance crop yield and oil content in Brassica juncea (L.)," PloS One, vol. 8, no. 9, p. e73921, 2013.  
http://dx.doi.org/10.1371/journal.pone.0073921 

[21] W. Muchero, J. D. Ehlers, and P. A. Roberts, "Seedling stage drought‐induced phenotypes and drought‐responsive genes in 
diverse cowpea genotypes," Crop Science, vol. 48, no. 2, pp. 541-552, 2008.  https://doi.org/10.2135/cropsci2007.07.0397 

[22] L. Wang, X. Yang, Z. Ren, and X. Wang, "Regulation of photoassimilate distribution between source and sink organs of crops 
through light environment control in greenhouses," Agricultural Sciences, vol. 5, no. 4, pp. 250-256, 2014.  
http://dx.doi.org/10.4236/as.2014.54028 

[23] X. Yin and P. C. Struik, "Theoretical reconsiderations when estimating the mesophyll conductance to CO2 diffusion in leaves of C3 
plants by analysis of combined gas exchange and chlorophyll fluorescence measurements," Plant, Cell & Environment, vol. 32, no. 
11, pp. 1513-1524, 2009.  https://doi.org/10.1111/j.1365-3040.2009.02016.x 

[24] A. A. Gitelson, Y. Gritz, and M. N. Merzlyak, "Relationships between leaf chlorophyll content and spectral reflectance and 
algorithms for non-destructive chlorophyll assessment in higher plant leaves," Journal of Plant Physiology, vol. 160, no. 3, pp. 271-
282, 2003.  https://doi.org/10.1078/0176-1617-00887 

[25] M. M. Barbour, "Understanding regulation of leaf internal carbon and water transport using online stable isotope techniques," 
New Phytologist, vol. 213, no. 1, pp. 83-88, 2017.  https://doi.org/10.1111/nph.14171 

[26] J. Kruse et al., "Optimization of photosynthesis and stomatal conductance in the date palm Phoenix dactylifera during acclimation 
to heat and drought," New Phytologist, vol. 223, no. 4, pp. 1973-1988, 2019.  https://doi.org/10.1111/nph.15923 

[27] Y. Zhang, X. Zhang, and Y. Chen, "The relationship between photosynthesis and yield in crops," Journal of Integrative Agriculture, 
vol. 12, no. 5, pp. 897-904, 2013.  

[28] M. M. Barbour, S. Bachmann, U. Bansal, H. Bariana, and P. Sharp, "Genetic control of mesophyll conductance in common wheat," 
New Phytologist, vol. 209, no. 2, pp. 461-463, 2016a.  https://doi.org/10.1111/nph.13628 

[29] M. M. Barbour, J. R. Evans, K. A. Simonin, and S. Von Caemmerer, "Online CO 2 and H2O oxygen isotope fractionation allows 
estimation of mesophyll conductance in C4 plants, and reveals that mesophyll conductance decreases as leaves age in both C4 and 
C3 plants," New Phytologist, Vol. 210, no. 3, pp. 875-889, 2016b.  https://doi.org/10.1111/nph.13830 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Asian Online Journal Publishing Group is not responsible or answerable for any loss, damage or liability, etc. caused in relation to/arising out of the use of the content. 
Any queries should be directed to the corresponding author of the article. 
 

https://doi.org/10.4236/ajps.2014.55080
https://doi.org/10.1111/j.1365-3040.2005.01493.x
http://dx.doi.org/10.1371/journal.pone.0073921
https://doi.org/10.2135/cropsci2007.07.0397
http://dx.doi.org/10.4236/as.2014.54028
https://doi.org/10.1111/j.1365-3040.2009.02016.x
https://doi.org/10.1078/0176-1617-00887
https://doi.org/10.1111/nph.14171
https://doi.org/10.1111/nph.15923
https://doi.org/10.1111/nph.13628
https://doi.org/10.1111/nph.13830

