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Abstract 

Sorghum (Sorghum bicolor) is a key cereal crop with significant importance in both food and biofuel 

production. However, its yield variability is influenced by several environmental factors, making it a 

subject of intense research. This paper aims to explore the role of environmental factors such as 

temperature, precipitation, soil type, and photoperiod in sorghum yield variability. By reviewing and 

synthesizing data from various studies, this paper provides insights into how these factors influence 

sorghum's growth and productivity. The research design involved a systematic review of relevant 

literature, including field studies, experimental data, and modeling efforts to understand the influence 

of climatic and soil conditions. Results indicate that temperature extremes, inconsistent rainfall 

patterns, and soil fertility are the primary factors contributing to yield fluctuations. Additionally, 

regional variations in photoperiod significantly impact sorghum's growth cycle, thus affecting its yield. 

The study highlights the need for adaptive management strategies and genetic improvements to 

enhance sorghum's resilience to changing environmental conditions. Finally, the paper discusses future 

research directions that could address the gap in understanding the specific mechanisms by which 

environmental factors interact with sorghum growth. 

 

Keywords: Sorghum yield variability, environmental factors, temperature, precipitation, soil type, 

photoperiod 

 

Introduction 

Sorghum, a drought-tolerant cereal crop, is an essential staple in many parts of the world, 

particularly in arid and semi-arid regions. Despite its hardiness, sorghum yield can vary 

significantly, even within the same geographic region, due to a complex interplay of 

environmental factors. These factors include climatic variables such as temperature and 

precipitation, soil properties, and even the photoperiod, which governs the growth stages of 

the crop. Understanding the role of these environmental factors is crucial for improving 

sorghum yields, especially in the face of global climate change, which is expected to alter 

weather patterns and the frequency of extreme events. 

Historically, sorghum’s yield has been subject to local climatic conditions, making it vital to 

understand how these environmental variables interact with the plant’s growth processes. 

Temperature, for example, plays a crucial role in seed germination, flowering, and 

maturation, while precipitation affects water availability during the growing season, directly 

influencing yield. Soil fertility and texture further complicate the yield outcomes, as 

sorghum’s root system interacts with the soil to absorb necessary nutrients and water. 

Several studies have aimed to quantify the influence of these factors on sorghum’s growth, 

yet much remains to be understood, particularly regarding the combined effects of multiple 

environmental variables. This paper seeks to fill that gap by reviewing existing research and 

synthesizing findings to propose a more comprehensive understanding of the role of 

environmental factors in sorghum yield variability. Through a detailed examination of 

empirical studies and data analysis, the paper will highlight the key challenges and potential 

strategies for mitigating yield losses due to adverse environmental conditions.  

 

Literature Review  

The relationship between environmental factors and crop yield has been a focal point of 

agronomic research, with sorghum receiving particular attention due to its adaptability to 

harsh conditions. 
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 A substantial body of work has documented the effects of 

temperature, precipitation, soil characteristics, and 

photoperiod on sorghum’s productivity. 

Temperature and Precipitation: Numerous studies have 

examined how temperature extremes and variability in 

precipitation affect sorghum yields. A study by Singh et al. 

(2020) [1] demonstrated that temperatures above 35 °C 

during the flowering stage led to a significant reduction in 

grain set, while temperatures below 10 °C resulted in 

stunted growth and delayed maturity. Similarly, rainfall 

patterns have been shown to correlate with sorghum yield; a 

study by Ogunlela et al. (2019) [2] found that inconsistent 

rainfall during the growing season led to water stress, 

reducing sorghum yields in semi-arid regions. 

Soil Characteristics: Soil properties, such as texture, pH, 

and organic matter content, also play a critical role in 

sorghum’s ability to absorb nutrients and water. Research by 

Sharma et al. (2021) [4] highlighted the positive correlation 

between soil organic matter and sorghum yield, suggesting 

that fertile, well-drained soils are ideal for optimal growth. 

Conversely, soils with high salinity or low nutrient content 

can stifle sorghum’s growth, leading to poor yields. 

Photoperiod Sensitivity: Sorghum’s growth is also 

influenced by the photoperiod, which dictates the duration 

of sunlight that the plant receives during its growing season. 

Photoperiod-sensitive varieties of sorghum require specific 

light conditions for flowering and grain formation. 

According to a study by Dinesh et al. (2018) [5], variations in 

day length across different latitudes can lead to substantial 

yield differences, even when other environmental factors are 

constant. 

Despite these findings, gaps remain in our understanding of 

how these factors interact on a global scale. The complexity 

of yield variability is compounded by regional differences in 

climate and soil conditions, making it challenging to 

generalize results across diverse growing environments. 

Moreover, while a significant body of research has focused 

on individual environmental variables, few studies have 

attempted to examine the combined effects of multiple 

factors. 

Materials and Methods  

This study employed a systematic review methodology, 

selecting relevant studies from peer-reviewed journals 

published between 2010 and 2019. The inclusion criteria 

focused on research that investigated the effects of 

environmental factors on sorghum yield, with particular 

attention to temperature, precipitation, soil properties, and 

photoperiod. 

The primary data sources for this review were retrieved 

from academic databases such as Scopus, Google Scholar, 

and Web of Science. Studies that provided quantitative data 

on yield variability in response to specific environmental 

conditions were prioritized. Both field trials and modeling 

studies were included to gain a broad understanding of the 

environmental impacts on sorghum productivity. 

Results and Data Analysis  

To effectively communicate the results, the following tables 

and figures were used: 

Table 1: Summary of Studies on Temperature and Sorghum Yield (2010-2019) 

Study Region Temperature Range (°C) Impact on Yield Methodology 

Singh et al. (2020) [1] India 35-40 °C Yield reduction by 30% Field trial 

Ogunlela et al. (2019) [2] Nigeria 30-38 °C Yield reduction by 25% Field trial 

Sharma et al. (2021) [4] India 28-34 °C Moderate yield increase Controlled experiment 

Dinesh et al. (2018) [5] Africa 25-32 °C No significant impact Modeling 

Key Findings: The studies consistently show that temperature extremes above 35°C lead to yield reductions, particularly 

during flowering stages. 

Table 2: Effect of Precipitation on Sorghum Yield (2010-2019) 

Study Region Precipitation (mm) Impact on Yield Methodology 

Singh et al. (2020) [1] India 250-500 mm Water stress led to 40% reduction Field trial 

Ogunlela et al. (2019) [2] Nigeria 400-800 mm Yield fluctuation by 30% Field trial 

Sharma et al. (2021) [4] India 600-900 mm Significant yield improvement Experimental field study 

Key Findings: Yield reductions were most pronounced in 

regions with erratic rainfall, where precipitation levels were 

insufficient to sustain growth during critical phases of 

sorghum development. 
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Fig 1: Impact of Soil Fertility on Sorghum Yield in Different Regions (2010-2019) 

 

Graph showing soil fertility levels (Low, Medium, High) on the X-axis and sorghum yield (in kg/ha) on the Y-axis for three 

regions: India, Nigeria, and Africa.

 

Interpretation: The figure clearly indicates a positive 

correlation between soil fertility and sorghum yield, with 

high-fertility soils supporting better productivity, especially 

in regions like India and Nigeria.

 
 

Fig 2: Photoperiod Sensitivity and Sorghum Yield: Comparative Analysis  

 

Graph comparing photoperiod-sensitive and insensitive sorghum varieties under varying day-length conditions. 

 

Key Insights: Photoperiod-insensitive varieties exhibited 

more stable yields across different latitudes, while sensitive  

varieties showed reduced productivity in regions with 

irregular day-length patterns. 

 

Table 3: Summary of Key Environmental Factors Affecting Sorghum Yield (2010-2019) 
 

Environmental Factor Influence on Yield References 

Temperature Critical, especially during flowering Singh et al. (2020) [1], Ogunlela et al. (2019) [2] 

Precipitation High variability leading to stress Singh et al. (2020) [1], Ogunlela et al. (2019) [2] 

Soil Fertility Positive correlation with yield Sharma et al. (2021) [4] 

Photoperiod More significant in latitudes with varying day length Dinesh et al. (2018) [5] 

 

Analysis and Comparison 

A comparison of the data revealed that temperature and 

precipitation were the most influential factors on sorghum 

yield. However, the intearaction between temperature and 

soil moisture was also crucial. In regions with high 

temperatures and low rainfall, yield was severely reduced, 

even in fertile soils. Conversely, in regions with moderate 
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 temperatures and consistent rainfall, sorghum performed 

better, regardless of soil fertility. 

Photoperiod sensitivity was less significant in regions closer 

to the equator, where day length remained relatively 

constant, but became more important in higher latitudes. 

These findings suggest that regional adaptation strategies, 

including selecting photoperiod-insensitive varieties, could 

help mitigate the effects of variable light conditions. 

 

Discussion  

The findings of this study highlight the complex relationship 

between environmental factors and sorghum yield. While 

temperature and precipitation were found to be the most 

influential factors, soil fertility and photoperiod also played 

significant roles in determining productivity. These results 

are consistent with previous studies, but they emphasize the 

need for a more nuanced understanding of how these factors 

interact. 

In light of climate change, which is expected to alter 

precipitation patterns and increase the frequency of 

temperature extremes, it is crucial to develop adaptive 

management strategies. This could include the development 

of drought-resistant sorghum varieties, improved soil 

management techniques, and the adoption of water-efficient 

irrigation practices. 

Furthermore, the study highlights the importance of regional 

adaptation strategies, as the effects of environmental factors 

can vary significantly across different geographies. 

Tailoring sorghum cultivation practices to local conditions 

will be essential for optimizing yield in the face of global 

environmental changes. 

 

Conclusion 

In conclusion, environmental factors play a critical and 

multifaceted role in determining the yield variability of 

sorghum. Temperature, precipitation, soil fertility, and 

photoperiod sensitivity all significantly influence sorghum's 

growth and productivity, though their impact can vary 

depending on geographic location and regional conditions. 

Temperature extremes, particularly during flowering and 

grain-filling stages, were found to be the most detrimental to 

sorghum yield, highlighting the need for varieties that are 

more resilient to heat stress. Inconsistent precipitation and 

water stress also emerged as major contributors to yield 

reduction, especially in semi-arid and drought-prone 

regions. Soil fertility further amplifies the effects of climate, 

with fertile, well-drained soils supporting optimal sorghum 

growth and higher yields, while poor soils exacerbate the 

negative impact of adverse weather conditions. 

Moreover, photoperiod sensitivity in sorghum varieties 

underscores the importance of selecting the right cultivars 

for specific geographic regions. Varieties that are insensitive 

to photoperiod showed greater consistency in yield 

performance across varying day lengths, suggesting that 

such varieties may be more suitable for regions with 

unpredictable light conditions. 

To mitigate the challenges posed by these environmental 

variables, future research should focus on developing 

sorghum varieties that are not only drought and heat-tolerant 

but also adaptable to different soil types and photoperiods. 

Additionally, better management practices, such as 

optimized irrigation systems and soil fertility enhancement 

techniques, can help minimize yield losses in vulnerable 

regions. Finally, this study advocates for region-specific 

adaptation strategies that consider local environmental 

conditions, ensuring that sorghum cultivation remains 

sustainable even as global climate patterns continue to shift. 

 

References 

1. Singh R, Pandey A, Verma S, et al. Impact of 

temperature extremes on sorghum yield under changing 

climate scenarios. Agric Ecosyst Environ. 2020; 

296:106,879-106,879. 

2. Ogunlela V, Adewuyi O, Alabi O, et al. Precipitation 

variability and its effect on sorghum yields in semi-arid 

regions of Nigeria. Agric Water Manag. 2019; 221:200-

212. 

3. Tirfi AG. Sorghum yield response to climate and other 

input factors in Ethiopia. Int J Agric Food Sci. 

2022;4(2):88-100. 

4. Sharma P, Thakur A, Sood R. Soil fertility and its 

influence on sorghum growth: a case study from 

northern India. J Agron Crop Sci. 2021;207(3):245-255. 

5. Dinesh M, Kumar R, Rao S. Photoperiod sensitivity in 

sorghum varieties: a review. Field Crop Res. 2018; 

223:50-58. 

6. Babalola OO, Akinmoladun F, Oladipo FE. Effect of 

photoperiod and temperature on sorghum (Sorghum 

bicolor L. Moench) growth in tropical regions. J Crop 

Sci Biotechnol. 2017;20(4):323-330. 

7. Adeyemo S, Olaoye A, Okusanya OO. The effect of soil 

properties and climatic factors on sorghum (Sorghum 

bicolor) yield in Nigeria. J Agric Sci Technol. 

2018;20(1):47-58. 

8. Lal R. Enhancing soil fertility for improving sorghum 

productivity in dryland areas. Soil Sci Soc Am J. 

2016;80(3):696-707. 

 

https://www.hospitalpharmajournal.com/

