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Abstract 
Soil pH is a critical factor influencing nutrient availability and crop growth. This review synthesizes 

existing research on the effects of soil pH on nutrient dynamics and plant health. The paper discusses 

the chemical processes that govern nutrient availability in soils with varying pH levels, the optimal pH 

ranges for different crops, and the methods for managing soil pH to improve agricultural productivity. 

Additionally, it explores the impact of soil pH on microbial activity and its indirect effects on nutrient 

cycling. The review highlights the importance of soil pH management in sustainable agriculture and 

identifies future research directions to address gaps in knowledge. 
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Introduction 

Soil pH, a measure of soil acidity or alkalinity, is a fundamental property that significantly 

influences nutrient availability and crop growth. The pH scale ranges from 0 to 14, with 

values below 7 indicating acidity, values above 7 indicating alkalinity, and a value of 7 being 

neutral. The availability of essential nutrients such as nitrogen (N), phosphorus (P), 

potassium (K), and micronutrients is heavily dependent on soil pH. Understanding the 

interactions between soil pH and nutrient dynamics is crucial for optimizing crop production 

and ensuring sustainable agricultural practices. This review aims to provide a comprehensive 

overview of the impact of soil pH on nutrient availability and crop growth, drawing on 

relevant and previous studies to highlight key findings and areas for future research. 

 

Objective of the paper 

The objective of this paper is to review and synthesize existing research on the impact of soil 

pH on nutrient availability and crop growth, highlighting key findings and identifying areas 

for future research to enhance agricultural productivity and sustainability. 

 

Soil pH and nutrient availability 

Soil pH influences the chemical forms of nutrients in the soil, thereby affecting their 

solubility and availability to plants. Each nutrient has an optimal pH range where its 

availability is maximized. For instance, nitrogen, in the form of nitrate (NO3-), is most 

available in soils with a pH between 6.0 and 7.5. In contrast, phosphorus availability is 

highest in soils with a pH range of 6.0 to 7.0, while potassium remains relatively available 

across a wider pH range (5.5 to 8.0). Micronutrients such as iron (Fe), manganese (Mn), and 

zinc (Zn) are more soluble in acidic soils, whereas their availability decreases in alkaline 

conditions. 

 

Nitrogen 

Nitrogen is a critical macronutrient required for plant growth and development. It is a key 

component of amino acids, proteins, and chlorophyll. The availability of nitrogen in the soil 

is influenced by pH through the processes of nitrification and ammonification. At low pH 

levels, the activity of nitrifying bacteria is reduced, leading to lower nitrate formation. 

Additionally, the solubility of ammonium (NH4+) decreases in alkaline soils, affecting 

nitrogen uptake by plants. Studies have shown that maintaining a soil pH between 6.0 and 

7.5 is optimal for nitrogen availability and uptake by crops (Brady & Weil, 2008) [1]. 
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Phosphorus 

Phosphorus is essential for energy transfer, photosynthesis, 

and the formation of nucleic acids. The availability of 

phosphorus is highly sensitive to soil pH due to its tendency 

to form insoluble compounds with calcium (Ca) in alkaline 

soils and with iron and aluminum (Al) in acidic soils. 

Research indicates that phosphorus availability peaks at a 

soil pH of around 6.5, where it is most soluble and 

accessible to plants (Hinsinger, 2001) [2]. In highly acidic or 

alkaline soils, phosphorus fertilization may be necessary to 

ensure adequate supply to crops. 

 

Potassium 

Potassium is vital for enzyme activation, osmoregulation, 

and stress resistance in plants. Unlike nitrogen and 

phosphorus, potassium availability is less affected by soil 

pH. However, extreme pH levels can still influence its 

uptake. In acidic soils, potassium can be leached away, 

while in alkaline soils, its availability may be reduced due to 

increased competition with other cations. Maintaining a soil 

pH between 5.5 and 8.0 generally ensures sufficient 

potassium availability for most crops (Marschner, 2011) [4]. 

 

Micronutrients 

Micronutrients, although required in smaller quantities, are 

crucial for various physiological and biochemical processes 

in plants. The availability of micronutrients such as iron, 

manganese, zinc, copper (Cu), and boron (B) is strongly 

influenced by soil pH. In acidic soils, these micronutrients 

are more soluble and readily available. However, in alkaline 

soils, they tend to form insoluble hydroxides and 

carbonates, reducing their availability. For example, iron 

deficiency is common in high pH soils, leading to chlorosis 

in susceptible crops. Managing soil pH to maintain it within 

an optimal range for micronutrient availability is essential 

for preventing deficiencies and ensuring healthy crop 

growth (Lindsay, 1979) [3]. 

 

Impact of soil pH on crop growth 

Soil pH not only affects nutrient availability but also 

influences crop growth directly through its impact on root 

development and microbial activity. Different crops have 

varying pH preferences, and maintaining soil pH within 

these optimal ranges can significantly enhance crop 

productivity. 

Table 1: Impact of soil pH on nutrient availability and crop growth 
 

Nutrient 
Optimal pH 

range 
Availability at low pH Availability at High pH Impact on crop growth 

Nitrogen (N) 6.0 - 7.5 
Reduced nitrification, 

lower nitrate formation 

Reduced ammonium 

solubility 

Essential for growth and development; deficiency leads 

to stunted growth and yellowing of leaves 

Phosphorus 

(P) 
6.0 - 7.0 

Forms insoluble 

compounds with iron and 

aluminum 

Forms insoluble compounds 

with calcium 

Crucial for energy transfer, photosynthesis, and nucleic 

acids; deficiency causes poor root development and 

purple leaves 

Potassium 

(K) 
5.5 - 8.0 Leaching in acidic soils 

Reduced availability due to 

competition with other 

cations 

Vital for enzyme activation, osmoregulation, and stress 

resistance; deficiency results in weak stems and leaf 

chlorosis 

Iron (Fe) 4.0 - 6.5 
More soluble, readily 

available 

Forms insoluble hydroxides 

and carbonates 

Important for chlorophyll synthesis and electron 

transport; deficiency causes interveinal chlorosis in 

young leaves 

Manganese 

(Mn) 
5.0 - 6.5 

More soluble, readily 

available 
Forms insoluble compounds 

Necessary for enzyme function and photosynthesis; 

deficiency leads to interveinal chlorosis and necrotic 

spots 

Zinc (Zn) 5.0 - 7.0 
More soluble, readily 

available 
Forms insoluble compounds 

Critical for enzyme activation and protein synthesis; 

deficiency results in stunted growth and malformed 

leaves 

Copper (Cu) 5.0 - 7.0 
More soluble, readily 

available 
Forms insoluble compounds 

Required for lignin synthesis and enzyme function; 

deficiency causes dieback of stems and leaf tips 

Boron (B) 5.0 - 7.0 
More soluble, but potential 

toxicity 
Reduced availability 

Essential for cell wall formation and reproductive 

development; deficiency leads to brittle stems and poor 

fruit set 

 

Root development 

Soil pH affects root growth and function by influencing the 

solubility of toxic elements and the physical properties of 

the soil. In acidic soils, the presence of toxic levels of 

aluminum and manganese can inhibit root elongation and 

function. Conversely, in alkaline soils, the reduced 

availability of essential nutrients can impair root growth. 

Optimal soil pH promotes healthy root development, 

allowing plants to efficiently absorb water and nutrients. For 

example, studies have shown that wheat (Triticum 

aestivum) performs best in soils with a pH of 6.0 to 7.0, 

while soybean (Glycine max) thrives in slightly acidic to 

neutral soils (pH 5.5 to 7.0) (Fageria & Baligar, 2008) [5]. 

 

Microbial activity 

Soil microorganisms play a crucial role in nutrient cycling, 

organic matter decomposition, and soil structure 

maintenance. Soil pH affects the composition and activity of 

microbial communities, which in turn influences nutrient 

availability. Acidic soils tend to have lower microbial 

activity and diversity, affecting processes such as nitrogen 

fixation and organic matter decomposition. In contrast, 

neutral to slightly alkaline soils generally support a more 

diverse and active microbial community. Enhancing 

microbial activity through pH management can improve soil 

health and fertility, promoting sustainable crop production 

(Aciego Pietri & Brookes, 2008) [6]. 

 

Managing soil pH for optimal crop growth 

Effective soil pH management involves regular monitoring 

and the application of amendments to maintain pH within 

the optimal range for target crops. Liming is a common 
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practice to raise soil pH in acidic soils, using materials such 

as limestone (calcium carbonate) or dolomite (calcium 

magnesium carbonate). For alkaline soils, acidifying 

amendments like sulfur or acid-forming fertilizers can be 

used to lower pH. Incorporating organic matter, such as 

compost or manure, can also help buffer soil pH and 

improve overall soil health. 

 

Future research directions 

Despite significant advancements in understanding the 

impact of soil pH on nutrient availability and crop growth, 

several research gaps remain. Future studies should focus on 

the long-term effects of pH management practices on soil 

health and crop productivity. Investigating the interactions 

between soil pH, microbial communities, and nutrient 

cycling processes will provide deeper insights into 

sustainable soil management strategies. Additionally, 

exploring the development of crop varieties with enhanced 

tolerance to pH extremes can contribute to improving 

agricultural resilience in diverse environments. 

 

Conclusion 

Soil pH is a critical factor influencing nutrient availability 

and crop growth. Understanding the chemical processes that 

govern nutrient dynamics in relation to soil pH is essential 

for optimizing agricultural productivity. Managing soil pH 

through appropriate amendments and practices can enhance 

nutrient availability, promote healthy root development, and 

support beneficial microbial activity. Sustainable soil pH 

management is crucial for achieving high crop yields and 

maintaining soil health in the long term. Continued research 

in this field will contribute to the development of innovative 

strategies for managing soil pH and improving agricultural 

sustainability. 

 

References 

1. Brady NC, Weil RR. The Nature and Properties of 

Soils. 14th ed. Pearson Prentice Hall; c2008. 

2. Hinsinger P. Bioavailability of soil inorganic P in the 

rhizosphere as affected by root-induced chemical 

changes: A review. Plant Soil. 2001;237(2):173-195. 

3. Lindsay WL. Chemical Equilibria in Soils. Wiley-

Interscience; c1979. 

4. Marschner H. Marschner's Mineral Nutrition of Higher 

Plants. 3rd ed. Academic Press; c2011. 

5. Fageria NK, Baligar VC. Ameliorating soil acidity of 

tropical oxisols by liming for sustainable crop 

production. Adv. Agron. 2008;99:345-399. 

6. Aciego Pietri JC, Brookes PC. Relationships between 

soil pH and microbial properties in a UK arable soil. 

Soil Biol. Biochem. 2008;40(7):1856-1861. 

https://www.geojournal.net/

