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Introduction 

Crop yield is the result of a complex interaction 
among genetics, environment, and management practices. 
While farmers often focus on nutrients, irrigation, and pest 
management, the physiological processes occurring inside 
plants ultimately determine productivity. One of the most 
important yet less understood concepts in crop physiology is 
the  

Source–sink relationship. 

The source–sink relationship describes how plants 
produce, transport, and utilize photosynthetic products for 
growth and yield formation. Crop productivity depends not 
only on the amount of carbohydrates produced through 
photosynthesis but also on how efficiently these 
carbohydrates are distributed to developing grains, fruits, 
roots, and storage organs. Therefore, understanding source–
sink dynamics is essential for improving crop yield under 
both favorable and stressful environments (Sonnewald & 
Fernie, 2023). In recent years, researchers have increasingly 
recognized source–sink balance as a key factor influencing 
crop productivity, resource-use efficiency, and climate 
resilience. This article explores the concept of source–sink 
relationships and their significance in modern agriculture. 

What is a Source–Sink Relationship? 

Plants manufacture carbohydrates through 
photosynthesis in green tissues, primarily leaves. These 
carbohydrates are then transported to various organs where 
they are utilized or stored. 

In crop physiology: 

• Source refers to plant organs that produce and 
export photosynthates. 

• Sink refers to plant organs that import and utilize or 
store photosynthates. 

Leaves are generally considered the primary sources, while 
developing grains, fruits, roots, tubers, and young leaves act 
as sinks (Fernie et al., 2024). The movement of carbohydrates 
from source to sink occurs through the phloem tissue and 
plays a crucial role in determining crop growth and 
productivity. 

Understanding Sources in Crop Plants 

Sources are the photosynthetically active tissues that 
generate carbohydrates. 

Mature Leaves as Major Sources 

Fully expanded green leaves are the primary source 
organs in most crops. Through photosynthesis, leaves convert 
sunlight, carbon dioxide, and water into sugars that provide 
energy for plant growth. 

The efficiency of source activity depends on: 

• Leaf area. 
• Chlorophyll content. 
• Light interception. 
• Nutrient availability. 
• Water supply. 
• Temperature conditions. 

Healthy leaves with high photosynthetic capacity can 
produce greater amounts of assimilates, thereby supporting 
higher crop yields (Ainsworth & Long, 2022). 

Other Source Organs 

In some crops, stems, green pods, and reproductive 
structures also contribute to photosynthesis. 

For example: 

• Wheat ears contribute significantly to grain filling. 
• Green stems in sugarcane and cotton can 

supplement carbohydrate production. 
• Pods of legumes contribute additional assimilates 

during seed development. 

Understanding Sinks in Crop Plants 

Sinks are plant organs that require carbohydrates for 
growth, maintenance, or storage. 

Developing Grains 

In cereal crops such as rice, wheat, and maize, grains 
are the most important sinks. During grain filling, large 
quantities of carbohydrates are transported from leaves and 
stems into developing seeds. 

Fruits 

In horticultural crops, fruits act as major sinks. The 
size, quality, and yield of fruits largely depend on their ability 
to attract assimilates from source tissues. 

Roots and Tubers 

Storage organs such as potato tubers, cassava roots, 
sweet potato roots, and sugar beet roots function as strong 
sinks because they accumulate carbohydrates for long-term 
storage. 
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Young Growing Tissues 

Young leaves, shoot tips, flowers, and developing 
roots also serve as temporary sinks because they require 
energy for rapid growth and development (Fernie et al., 
2024). 

How Source–Sink Relationships Influence Crop Yield 

Crop yield depends on the balance between source 
capacity and sink strength. 

Source Capacity 

Source capacity refers to the ability of plants to 
produce photosynthates through photosynthesis. 

Factors affecting source capacity include: 

• Leaf area index. 

• Chlorophyll concentration. 

• Solar radiation. 

• Water availability. 

• Nutrient status. 

• Environmental stress. 

Higher source capacity generally results in increased 
carbohydrate production. 

Sink Strength 

Sink strength refers to the ability of sink organs to 
attract and utilize assimilates. A sink with greater strength 
receives more carbohydrates and grows more rapidly. 

For example: 

• Larger grains have stronger sink activity. 

• Developing fruits often compete for assimilates. 

• Hybrid crop varieties frequently possess enhanced 
sink strength, contributing to higher yields 
(Reynolds et al., 2023). 

Maximum productivity is achieved when both source 
capacity and sink strength are adequately balanced. 

Source Limitation and Sink Limitation 

Crop productivity may be limited either by 
inadequate source activity or insufficient sink capacity. 

Source Limitation 

Source limitation occurs when photosynthesis is 
insufficient to meet the demands of sink organs. 

Common causes include: 

• Drought stress. 

• Heat stress. 

• Nutrient deficiencies. 

• Leaf diseases. 

• Premature leaf senescence. 

Under source-limited conditions, plants cannot supply 
enough carbohydrates for grain filling or fruit development. 

Sink Limitation 

Sink limitation occurs when photosynthate 
production exceeds the capacity of sink organs to utilize 
available assimilates. 

Examples include: 

• Poor grain set. 

• Flower abortion. 

• Reduced fruit number. 

• Small storage organs. 

Under sink-limited conditions, excess carbohydrates may 
accumulate in leaves, reducing photosynthetic efficiency 
(Sonnewald & Fernie, 2023). 

Source–Sink Relationships During Grain Filling 

Grain filling is one of the most critical stages 
determining final yield in cereals. 

During this period: 

• Photosynthesis continues in leaves. 

• Stored reserves from stems may be remobilized. 

• Assimilates are transported to developing grains. 

Any disruption during grain filling can reduce grain 
weight and yield. Heat stress, drought, and nutrient 
deficiencies often impair source activity and assimilate 
translocation, resulting in poor grain filling (Jagadish et al., 
2023). 

Environmental Factors Affecting Source–Sink Dynamics 

Temperature 

Temperature strongly influences photosynthesis and 
assimilates transport. 

High temperatures: 

• Reduce photosynthetic efficiency. 

• Accelerate respiration. 

• Shorten grain-filling duration. 

Consequently, source–sink balance is disturbed, leading to 
lower yields (IPCC, 2023). 

Water Availability 

Drought stress reduces photosynthesis by causing 
stomatal closure and decreasing carbon assimilation. At the 
same time, sink development may also be restricted due to 
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reduced cell division and expansion. Thus, drought affects 
both source activity and sink strength. 

Nutrient Supply 

Nitrogen plays a vital role in maintaining 
photosynthetic capacity and chlorophyll content. Potassium 
supports assimilate transport through phloem tissues. 
Balanced nutrition improves both source efficiency and sink 
development (Hasanuzzaman et al., 2023). 

Light Availability 

Adequate sunlight enhances photosynthesis and 
carbohydrate production. Shading reduces source activity 
and limits assimilate supply to developing sink organs. 

Source–Sink Relationships in Major Crops 

Rice 

Rice yield depends on the balance between leaf 
photosynthesis and grain sink capacity. Modern high-yielding 
varieties often possess larger panicles and stronger grain sink 
strength, enabling greater productivity. 

Wheat 

In wheat, stem reserves contribute significantly to 
grain filling, especially under drought conditions. Efficient 
remobilization of stem carbohydrates helps maintain grain 
yield during environmental stress (Reynolds et al., 2023). 

Maize 

Maize productivity is highly dependent on source–
sink coordination during kernel development. Heat or 
drought stress during silking often reduces sink 
establishment and kernel number. 

Horticultural Crops 

In fruit crops, source–sink relationships influence 
fruit size, sweetness, color, and quality. Proper canopy 
management and pruning improve assimilate distribution to 
fruits, enhancing market value. 

Management Practices to Improve Source–Sink Balance 

Enhancing Photosynthesis 

Farmers can improve source activity through: 

• Balanced fertilization. 

• Adequate irrigation. 

• Pest and disease management. 

• Maintaining healthy leaf area. 

Improving Sink Strength 

Practices that improve sink development include: 

• Proper plant spacing. 

• Use of high-yielding varieties. 

• Effective pollination management. 

• Application of suitable plant growth regulators. 

Delaying Leaf Senescence 

Maintaining green leaf area for a longer duration 
increases assimilate production during reproductive growth. 
This concept, known as the "stay-green" trait, is increasingly 
used in crop improvement programs (Borrell et al., 2024). 

Stress Management 

Reducing drought, heat, and nutrient stresses helps 
maintain source–sink balance and improves crop 
productivity. 

Source–Sink Relationships and Climate Change 

Climate change poses serious challenges to source–
sink dynamics. Rising temperatures, droughts, and elevated 
CO₂ concentrations affect photosynthesis, respiration, and 
assimilate partitioning. Researchers are exploring new 
strategies to: 

• Improve photosynthetic efficiency. 

• Enhance sink capacity. 

• Increase assimilate transport efficiency. 

• Develop climate-resilient crop varieties. 

Optimizing source–sink relationships is expected to play 
a crucial role in future food security under changing climatic 
conditions (Ainsworth & Long, 2022). 

Future Perspectives 

Advances in crop physiology, genomics, and 
biotechnology are providing new opportunities to 
manipulate source–sink relationships. Current research 
focuses on: 

• Improving photosynthetic efficiency. 

• Enhancing grain sink strength. 

• Increasing phloem transport capacity. 

• Developing stay-green cultivars. 

• Integrating source–sink traits into breeding 
programs. 

These approaches have the potential to substantially 
increase crop productivity and resource-use efficiency. 

Conclusion 

The source–sink relationship is a fundamental 
concept in crop physiology that determines how plants 
produce, transport, and utilize carbohydrates. Crop yield 
depends not only on photosynthetic capacity but also on the 
ability of sink organs to attract and utilize assimilates 
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effectively. A balanced interaction between source activity 
and sink strength is essential for maximizing agricultural 
productivity. Environmental stresses such as drought, heat, 
and nutrient deficiencies often disrupt this balance, resulting 
in reduced yields. Through improved crop management, 
breeding strategies, and physiological research, optimizing 
source–sink relationships offers significant opportunities for 
enhancing crop production and ensuring food security in a 
changing climate. 
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