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Introduction 
 

Sorghum (Sorghum bicolor) is a vital cereal crop widely 

cultivated in semi-arid and drought-prone regions, where 

its productivity is heavily influenced by water 

availability (Kazungu et al., 2023). With climate change 

intensifying the frequency and severity of droughts, the 

ability of sorghum to efficiently use water has become 

increasingly important for sustaining its yield. As a 

result, understanding how stomatal traits influence water 
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Stomatal traits, including stomatal density (SD), stomatal index (SI) and stomatal size are 

critical determinants of physiological parameters viz., stomatal conductivity, transpiration 

and ultimately plant productivity. This study aimed to unravel the impact of stomatal traits 

on yield potential in red sorghum (Sorghum bicolor) genotypes. A total of 10red sorghum 

genotypes of the cross CO 32 X Paiyur 2 were analysed for stomatal density (SD), stomatal 

index (SI), stomatal length (SL), stomatal width (SW), number of stomata (NS) along with 

leaf characteristics like Leaf Number (NL), Leaf Length (LL), and Leaf Width (LW)under 

field condition. Single Plant Yield (SPY), the main productivity indicator was also 

measured in all the genotypes. Statistical analysis on correlation between stomatal traits, 

leaf traits and single plant yield revealed significant positive association between stomatal 

density and stomatal index (r = 0.87, p < 0.01). Similar trend was also observed between 

stomatal density and stomatal size (SL: r = 0.15, p < 0.05; SW: r = 0.50, p < 0.05). Leaf 

traits such as Leaf Length (LL) (r = 0.10, p < 0.01), Leaf Width (LW) (r = 0.22, p < 0.01), 

Number of leaves (NL) (r = 0.42, p < 0.01) and Number of Stomata (NS) (r = 0.29, p < 

0.01) were also positively correlated with Single Plant Yield (SPY). These findings 

indicated that stomatal traits, particularly density and size, along with leaf size, play a 

significant role in influencing sorghum productivity, especially under water-limited 

conditions. This study highlighted the potential for using stomatal traits as markers for 

improving yield in red sorghum. Further these findings provided valuable insights for 

breeding strategies aimed at enhancing water use efficiency and productivity in the face of 

climate change. 
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use efficiency is crucial for developing sorghum varieties 

that can thrive under water-limited conditions. Stomatal 

traits, including stomatal density (SD), stomatal index 

(SI), and stomatal size, have emerged as key factors in 

regulating water loss and gas exchange in plants, making 

them essential for improving the adaptability of sorghum 

to changing climatic conditions. 

 

Stomata are small pores found on the surface of plant 

leaves that play a critical role in controlling the exchange 

of gases such as carbon dioxide (CO2) for photosynthesis 

and oxygen (O2) for respiration. Additionally, they 

regulate water vapor loss through transpiration, which 

directly impacts the water use efficiency of plants.  

 

The functioning of stomata is especially significant in 

environments where water availability is limited, as the 

balance between CO2 uptake for photosynthesis and 

water loss must be carefully managed to optimize plant 

growth and productivity. In this regard, the structure and 

behaviour of stomata, including their number, size, and 

distribution, can have profound effects on the ability of 

plants to conserve water while maintaining sufficient gas 

exchange (Harrison et al., 2020). 

 

This study aims to investigate the relationship between 

various stomatal traits and the yield potential of red 

sorghum genotypes. By analysing traits such as stomatal 

density (SD), stomatal index (SI), stomatal length (SL), 

stomatal width (SW), and number of stomata (NS), the 

research seeks to understand how these factors influence 

sorghum productivity under field conditions.  

 

In addition, the study examines the correlation between 

stomatal traits and leaf characteristics, such as leaf 

number (NL), leaf length (LL), and leaf width (LW), to 

provide a comprehensive understanding of how these 

traits contribute to overall plant performance and yield.  

 

The ultimate goal is to identify key stomatal and leaf 

traits that could be utilized in breeding programs aimed 

at improving water use efficiency and productivity of 

sorghum, particularly in the face of climate change. 

 

Materials and Methods 
 

The experiment was conducted at the Sorghum Research 

Station, Tamil Nadu Agricultural University (TNAU), 

during the rabi season of 2024. The study was designed 

using a Randomized Complete Block Design (RCBD) 

with three replications to assess the impact of stomatal 

traits on the yield potential of red sorghum genotypes. A 

total of 10 red sorghum genotypes, derived from the 

cross CO 32 × Paiyur 2, were selected for evaluation 

under field conditions.  

 

The genotypes were chosen to represent a range of 

variation in stomatal traits and productivity potential. 

Each plot consisted of six rows with a row spacing of 30 

cm and a plant spacing of 20 cm. Standard agronomic 

practices, including irrigation, fertilization, and pest 

management, were followed to ensure optimal growth 

conditions.  

 

Data on stomatal traits, such as stomatal density (SD), 

stomatal index (SI), stomatal length (SL), stomatal width 

(SW), and the number of stomata (NS), were recorded 

from fully expanded leaves at the flowering stage.  

 

Additionally, leaf traits, including leaf number (NL), leaf 

length (LL), and leaf width (LW), were measured for 

each genotype. Single Plant Yield data (SPY) were 

collected at the maturity stage, and measurements of 

grain yield per plant were recorded.  

 

Statistical analysis was performed using SPSS software 

package to determine correlations between stomatal 

traits, leaf characteristics and yield. Analysis of variance 

(ANOVA) was carried out to evaluate the significance of 

differences among genotypes, and correlation 

coefficients were calculated to examine the relationships 

between stomatal traits and productivity indicators. 

 

Results and Discussion 
 

The study on stomatal traits and leaf characteristics of 10 

red sorghum genotypes revealed significant variation in 

the traits under investigation (Table 1). Stomatal density 

(SD), stomatal index (SI), stomatal length (SL), stomatal 

width (SW), and the number of stomata (NS) differed 

significantly across genotypes, along with leaf traits such 

as leaf number (NL), leaf length (LL), and leaf width 

(LW). These variations were linked to differences in 

yield potential among the genotypes (Salman et al., 

2023). The correlation among the traits were illustrated 

in table 2.  

 

Stomatal density (SD) exhibited a strong positive 

correlation with stomatal index (SI) (r = 0.87, p < 0.01), 

suggesting that genotypes with higher stomatal density 

tend to have a higher proportion of stomata relative to the 

leaf surface area (Miyazawa et al., 2006).  
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This relationship could enhance gas exchange and 

photosynthesis, particularly in water-limited conditions. 

Stomatal length (SL) and width (SW) also showed 

positive correlations with yield, with stomatal width (r = 

0.50, p < 0.05) being more strongly correlated to yield 

than stomatal length (r = 0.15, p < 0.05).  

 

This indicates that larger stomata, particularly with 

greater width, may facilitate more efficient gas exchange 

and better water regulation, contributing to higher 

productivity (Zhao et al., 2023). 

 

Leaf traits such as leaf length (LL) and leaf width (LW) 

were positively correlated with yield, with leaf width 

showing a stronger correlation (r = 0.22, p < 0.01) 

compared to leaf length (r = 0.10, p < 0.01), Number of 

leaves (NL) (r = 0.42, p < 0.01) and Number of Stomata 

(NS) (r = 0.29, p < 0.01) (Zhi et al., 2022). Larger leaves 

with greater surface area likely enhance photosynthetic 

capacity and water-use efficiency, ultimately leading to 

better productivity, especially under drought conditions. 

 

A negative correlation of r = -0.209, p < 0.01between 

stomatal length (SL) and leaf width (LW) was observed 

(Salman et al., 2023). This suggests that, in the 

genotypes studied, a larger stomatal length tends to 

coincide with smaller leaf width.  

 

This inverse relationship may imply that genotypes with 

more elongated stomata may have a different strategy for 

leaf development, possibly focusing on minimizing leaf 

size in favour of other traits like stomatal functionality or 

leaf thickness. The smaller leaf width could influence the 

overall surface area of the leaf and the balance between 

water retention and gas exchange capacity.  

 

While this relationship does not imply that leaf width 

alone governs stomatal size, it points to an intricate 

balance between different leaf traits that optimize 

photosynthetic efficiency and water-use strategies.  

 

Similar trend was also observed for Stomatal Width 

(SW) and Stomatal Length (SL) where the correlation 

between length and stomatal width(r = -0.166, p < 0.01), 

number of leaves (NL) (r = -0.786, p < 0.01) were 

weakly negative (Ferguson et al., 2024).  

 

The correlogram of the traits studied is shown in figure 1. 

This suggests that in genotypes with longer stomata, the 

width may not increase proportionally. In other words, 

plants with elongated stomata might not have them 

significantly wider, possibly due to trade-offs in stomatal 

morphology that aim to optimize the stomatal aperture 

for specific physiological functions. For instance, 

elongated stomata might be more effective in ensuring 

deeper penetration of CO₂ into the leaf, but the increase 

in width may not be as critical for gas exchange 

efficiency. 

 

Overall, the findings highlight that both stomatal traits 

and leaf characteristics are crucial for sorghum yield 

potential. The positive correlations between stomatal 

density, stomatal width, and yield suggest that selecting 

for higher stomatal density and larger stomata can 

improve sorghum productivity by enhancing water-use 

efficiency and gas exchange.  

 

Moreover, larger leaves contribute to increased 

photosynthetic activity, further supporting higher yields. 

These results suggest that optimizing both stomatal and 

leaf traits in breeding programs could help develop 

sorghum varieties with improved yield potential, 

especially in regions prone to water stress due to climate 

change. This study provides a valuable foundation for 

breeding sorghum varieties with enhanced water-use 

efficiency and resilience to drought conditions. 

 

In conclusion, this study highlights the crucial role of 

stomatal traits, such as stomatal density (SD), stomatal 

index (SI), stomatal width (SW), and leaf characteristics 

like leaf width, in determining the yield potential of red 

sorghum under water-limited conditions.  

 

Significant positive correlations between stomatal traits 

and yield suggest that genotypes with higher stomatal 

density and larger stomata are more efficient in 

regulating water loss and enhancing gas exchange, which 

directly boosts photosynthesis and productivity.  

 

Additionally, larger leaf sizes, particularly in terms of 

width, also contribute to higher yield potential by 

improving light capture and photosynthetic efficiency. 

These findings have important implications for sorghum 

breeding, suggesting that selecting for favourable 

stomatal and leaf traits can lead to varieties with 

enhanced water-use efficiency and resilience to drought.  

 

In the context of climate change and water scarcity, 

breeding sorghum varieties with optimized stomatal traits 

and larger leaves could help maintain higher yields in 

challenging conditions, ensuring both food security and 

agricultural sustainability. 
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Table.1 Analysis of variance for ten quantitative traits of red sorghum genotypes  
 

Source of Variation SS df MS F 

Treatment  9495.494 9 1055.055 2.43373** 

Replication  524147.8 8 65518.47 151.1337** 

Error 31212.97 72 433.5134 
 

**Significant at 1% probability level 

 

Table.2 Pearson correlation matrix of nine quantitative traits in red sorghum genotypes 

  
NL NS LL LW SL SW SD SI SPY 

NL 1.000**         

NS 0.312NS 1.000**        

LL 0.488NS 0.568NS 1.000**       

LW 0.117NS 0.242NS 0.518NS 1.000**      

SL -0.786** -0.157NS -0.498NS -0.209** 1.000**     

SW -0.045NS 0.503NS 0.447NS 0.123NS -0.166** 1.000**    

SD 0.312NS 0.213NS 0.568NS 0.242NS 0.157** 0.503** 1.000**   

SI 0.182NS 0.870NS 0.487NS 0.143NS 0.067NS 0.552NS 0.870** 1.000** 
 

SPY 0.417** 0.289** 0.108** 0.223** 0.049NS -0.261NS 0.289NS 0.304NS 1.000** 
*=significant at 5 %, ** = significant at 1 % and NS = non-significant 

 

Figure.1 Correlogram of nine quantitative traits in red sorghum genotypes 
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