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Abstract 
This comprehensive review delves into the pivotal role of phosphorus (P) in modulating photosynthetic 
efficiency in soybean (Glycine max (L.) Merr.), a critical crop in global agriculture. Despite 
phosphorus's acknowledged importance in plant biology, its specific impacts on the photosynthetic 
machinery of soybeans remain underexplored. This article synthesizes findings from various studies, 
highlighting how phosphorus supplementation can significantly improve photosynthetic performance, 
plant growth, and yield. By examining mechanisms at the cellular and physiological levels, this review 
aims to provide insights into optimizing phosphorus usage for sustainable soybean cultivation. 
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Introduction 
Soybean (Glycine max (L.) Merr.) stands as a cornerstone of global agriculture, contributing 
significantly to the food supply, animal feed, and various industrial products. Its high protein 
and oil content make it an essential crop for meeting the nutritional needs of both humans 
and livestock. As the demand for soybeans continues to rise with the global population, 
optimizing its cultivation practices to enhance yield and nutritional value becomes 
imperative (Taliman NA, et al. (2019), Lü H, et al. (2018) Li H, et al. (2016) [1, 2, 3] 
Photosynthesis is the fundamental process through which plants convert light energy into 
chemical energy, ultimately producing the oxygen and carbohydrates necessary for life on 
Earth. In soybeans, the efficiency of this process directly influences plant growth, 
development, and yield. Factors affecting photosynthetic efficiency can therefore have 
profound impacts on the productivity of soybean crops. 
Phosphorus (P) is recognized as an essential macronutrient for plants, integral to various 
physiological and biochemical processes, including energy transfer, photosynthesis, and 
nutrient movement within the plant. Despite its critical role, phosphorus availability often 
limits plant growth due to its low mobility in soil and the capacity of soils to bind 
phosphorus in insoluble forms that plants cannot uptake. 
 
Objective of the Review 
The primary objective of this review is to synthesize current knowledge on the influence of 
phosphorus supplementation on the photosynthetic efficiency of soybean plants. 
 
Phosphorus and Photosynthesis: An Overview 
Phosphorus (P) plays a vital role in plant growth and development, particularly in the process 
of photosynthesis, where it is a key component of the energy transfer systems within plant 
cells. Its significance stems from its involvement in several critical biochemical pathways 
and structures essential for photosynthesis. Understanding the relationship between 
phosphorus and photosynthesis requires a look at the fundamental roles phosphorus plays in 
the plant's cellular and physiological processes (Bisht S, et al. (2004), Fan Y, et al. (2019) 
Singh SK, et al. (2016) [3, 5, 7]. 
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Fig 1: Phosphorus and Photosynthesis 
 

Basic Mechanisms of Phosphorus in Photosynthesis 
ATP Production: Adenosine triphosphate (ATP) is the 
energy currency of the cell, and phosphorus is crucial for its 
synthesis. During photosynthesis, the light-dependent 
reactions convert light energy into chemical energy, 
producing ATP and NADPH. Phosphorus, as part of the 
ATP molecule, is essential for these energy transformations. 
 
Nucleic Acids and Phospholipids: Phosphorus is a critical 
component of nucleic acids (DNA and RNA), which are 
necessary for genetic information storage and transfer. It is 
also a key element in phospholipids, the primary lipid 
molecules that make up the cellular membranes, including 
the thylakoid membranes in chloroplasts where 
photosynthesis occurs. These roles underscore the 
importance of phosphorus in maintaining the structural 
integrity and function of the photosynthetic machinery. 
 
Energy Transfer: Phosphorus compounds, such as ATP 
and NADPH, are used in the Calvin cycle (light-
independent reactions) of photosynthesis to fix carbon 
dioxide (CO2) into organic compounds. The energy stored in 
ATP and the reducing power of NADPH are both critical for 
driving the enzymatic reactions that synthesize glucose from 
CO2 and water. 
 
Phosphorus Deficiency Symptoms in Soybeans 
Phosphorus deficiency can severely impact the 
photosynthetic efficiency and overall health of soybean 
plants. The symptoms of phosphorus deficiency include: 
 
Reduced Growth and Stunted Development: Phosphorus 
is essential for cell division and growth. A lack of 
phosphorus leads to stunted plant growth and delayed 
maturity. 
 

Dark Green to Purple Leaves: A common symptom in 
many plants, including soybeans, is the development of a 
dark green to purplish coloration in the leaves. This is due to 
the accumulation of anthocyanin pigments, which are often 
produced in response to phosphorus deficiency. 
 
Older Leaves Affected First: Phosphorus is a mobile 
nutrient within the plant. When deficient, phosphorus will 
be mobilized from older tissues to younger, actively 
growing parts of the plant. As a result, symptoms of 
deficiency typically appear first in older leaves. 
 
Reduced Root Growth and Development: Phosphorus is 
crucial for root development. Deficient plants often have 
underdeveloped root systems, limiting their ability to access 
water and nutrients. 
 
Importance of Phosphorus in Photosynthetic Efficiency 
The efficiency of photosynthesis in soybeans is closely 
linked to phosphorus availability. Phosphorus-deficient 
plants exhibit reduced photosynthetic rates due to impaired 
ATP synthesis and diminished ribulose-1,5-bisphosphate 
carboxylase/oxygenase (RuBisCO) activity, the enzyme 
responsible for CO2 fixation in the Calvin cycle. Efficient 
photosynthesis is crucial for the growth and productivity of 
soybeans, underscoring the importance of adequate 
phosphorus nutrition. 
Given the central role of phosphorus in photosynthesis, 
optimizing phosphorus availability is key to enhancing the 
photosynthetic efficiency and, consequently, the yield and 
quality of soybean crops. Understanding the dynamics of 
phosphorus in soil-plant systems, and developing effective 
fertilization strategies are essential for sustainable soybean 
cultivation (Pedro, et al. (2018), Takács T, et al. (2018) 
Sulieman S, et al. (2019) [8, 9, 10]. 
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Research Findings on Phosphorus Supplementation 
The relationship between phosphorus (P) supplementation 
and the growth and photosynthetic efficiency of soybean 
(Glycine max (L.) Merr.) plants has been extensively 
studied. Research findings consistently underscore the 
significance of phosphorus in enhancing soybean 
productivity, highlighting several key areas where 
phosphorus supplementation has a direct impact. 
 
Studies on Phosphorus and Soybean Growth 
Research has demonstrated that phosphorus 
supplementation can significantly improve the growth 
parameters and yield of soybean plants. Some key findings 
include 
 
Increased Biomass: Phosphorus supplementation has been 
shown to increase both above-ground and below-ground 
biomass in soybeans, indicating enhanced overall plant 
growth. 
 
Improved Yield: Studies report increased pod number, seed 
number per pod, and overall seed weight in soybean crops 
receiving adequate phosphorus, leading to higher yields. 
 
Enhanced Root Development: Adequate phosphorus 
availability promotes more extensive root systems, 
improving water and nutrient uptake efficiency and 
contributing to better plant establishment and resilience 
against environmental stressors. 
 
Photosynthetic Efficiency Improvements 
Phosphorus plays a crucial role in the photosynthetic 
machinery of plants, and its supplementation has been found 
to directly enhance photosynthetic efficiency in soybeans: 
 
Higher Chlorophyll Content: Phosphorus-supplemented 
plants often exhibit increased chlorophyll content, which is 
essential for absorbing sunlight and driving the 
photosynthesis process. 
 
Increased Photosynthetic Rate: Adequate phosphorus 
availability leads to a higher photosynthetic rate due to 
improved ATP synthesis efficiency and the activation of key 
enzymes in the Calvin cycle. 
 
Better Light Utilization: Phosphorus supplementation can 
improve the efficiency of light utilization, enabling plants to 
convert more light energy into chemical energy more 
efficiently. 
 
Optimal Phosphorus Levels 
Identifying the optimal phosphorus levels for soybean 
cultivation is crucial for maximizing photosynthetic 
efficiency and yield. Research findings suggest that: 
 
Soil Type and Environmental Conditions: The optimal 
phosphorus levels for soybean growth depend on various 
factors, including soil type, pH, and existing phosphorus 
levels in the soil. Environmental conditions such as 
temperature and moisture also play significant roles. 
 
Phosphorus Application Rates: Studies have explored 
different phosphorus application rates to determine the most 
effective strategies for enhancing soybean productivity. 

Results indicate that over-application can lead to 
diminishing returns and environmental concerns, 
highlighting the need for precise management. 
 
Tailored Fertilization Practices: Research supports the 
development of tailored fertilization practices that consider 
the specific needs of the soybean crop, soil characteristics, 
and environmental conditions to optimize phosphorus use 
efficiency 
 
Mechanisms behind Phosphorus's Impact on 
Photosynthesis 
Energy Transfer and ATP Synthesis 
One of the primary roles of phosphorus in plants is its 
involvement in the synthesis of adenosine triphosphate 
(ATP), the cellular energy currency. Phosphorus is a key 
component of ATP molecules, which are produced during 
the light reactions of photosynthesis in the chloroplasts. 
These ATP molecules are then used as an energy source for 
various cellular processes, including the Calvin cycle, where 
carbon fixation takes place. 
 
ATP and ADP Cycle: In the chloroplasts, light energy is 
used to convert ADP (adenosine diphosphate) and inorganic 
phosphate (Pi) into ATP. This process is critical for driving 
the light-independent reactions of photosynthesis, where 
CO2 is fixed into sugars. 
 
Nucleic Acids and Genetic Information 
Phosphorus is a fundamental component of nucleic acids 
(DNA and RNA), which are essential for the storage and 
transfer of genetic information within the cell. This genetic 
information is crucial for the synthesis of proteins, including 
the enzymes that catalyze various steps of the 
photosynthesis process. 
 
Enzyme Synthesis: RNA molecules, which are synthesized 
using phosphorus, play a key role in protein synthesis, 
including the enzymes necessary for photosynthesis, such as 
ribulose-1, 5-bisphosphate carboxylase/oxygenase 
(RuBisCO), the enzyme that catalyzes the fixation of carbon 
dioxide. 
 
Membrane Structure and Function 
Phospholipids, which contain phosphorus, are major 
components of cellular membranes, including the thylakoid 
membranes within chloroplasts where the light reactions of 
photosynthesis occur. The integrity and functionality of 
these membranes are crucial for photosynthesis, affecting 
the electron transport chain and the creation of a proton 
gradient used in ATP synthesis. 
 
Thylakoid Membrane Integrity: Phosphorus deficiency 
can compromise the structural integrity of thylakoid 
membranes, affecting their ability to maintain a proton 
gradient, which is essential for ATP synthesis. 
 
Energy Storage and Transfer 
Phosphorus is involved in the formation of molecules like 
ATP and nicotinamide adenine dinucleotide phosphate 
(NADPH), which are used as energy carriers in the Calvin 
cycle of photosynthesis. These molecules play a critical role 
in the energy transfer processes that power the synthesis of 
carbohydrates from carbon dioxide and water. 
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Calvin Cycle Efficiency: The availability of ATP and 
NADPH is critical for the Calvin cycle, where carbon 
fixation occurs. Phosphorus deficiency can lead to a reduced 
supply of these molecules, thereby limiting the efficiency of 
the cycle and reducing the plant's photosynthetic capacity. 
 
Phosphorus and Photosynthetic Enzyme Activity 
Phosphorus availability influences the activity of several 
enzymes involved in photosynthesis, including RuBisCO. 
Adequate phosphorus levels can enhance enzyme activity, 
improving the efficiency of carbon fixation and the overall 
rate of photosynthesis. 
 
Activation of Photosynthetic Enzymes: Phosphorus is 
involved in the activation of certain enzymes required for 
photosynthesis, directly affecting the process's efficiency. 
 
Conclusion 
The impact of phosphorus on photosynthesis is multifaceted, 
affecting everything from energy transfer and genetic 
information processing to membrane integrity and enzyme 
activity. These mechanisms collectively explain why 
phosphorus is so critical for plant growth and productivity. 
Understanding these processes is essential for optimizing 
agricultural practices, ensuring that plants have access to the 
phosphorus they need to achieve optimal photosynthetic 
efficiency and, consequently, higher yields. 
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