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Abstract: 

Calcium (Ca) is important for maintaining soil structure, supporting plant growth, and human 

nutrition, yet its distribution and use in Pakistan are not fully understood. In this review we 

will discuss about current data available on exchangeable calcium in Pakistani soil and 

elaborate notable differences across different regions and soil conditions. Ca play important 

roles in plants including strengthening cell wall, supporting membrane functions, shaping 

root system and helping plants withstand environmental stress. In this review we will also 

discuss how calcium can improve soil health mainly in the acidic and sodic soils. Also 

discuss about some common Ca containing fertilizers available in Pakistan and their role and 

working in different soil condition and gain understanding about why Pakistani people 

especially women suffer from Ca deficiency even it is abundant in most Pakistani soils. In 

this article we combine different aspects from agriculture to human health and highlighting 

key gape in knowledge and different strategies to improve Ca management for soil and plants 

growths. 

Keywords: Calcium (Ca); Exchangeable calcium; Pakistani soils; Soil fertility; Plant nutrition; 
Calcium fertilizers; Soil health; Human calcium deficiency  

Introduction: 

 Calcium (Ca) plays an important role in agriculture worldwide, but its behavior in Pakistani 

soils is complex and sometimes contradictory. Most of Pakistan’s agro-ecological zones 

consist of calcareous soils having high pH (above 7.5-8.0) because of large amount of 

calcium carbonate in the parent material which strongly effect how Ca is available and cycle 

through the soils (Arain et al., 2017). Even these soils are rich in Ca but in many areas crops 

are facing Ca deficiencies which effect plants health and eventually the yield. This happen 

because calcium solubility and adsorption by plants depends on different factors like soil 

alkalinity, low organic matter and soil texture (Rahim et al., 2006). More over calcium 

interaction with other elements like magnesium and sodium effect nutrient balance and how 

crop react to it (Rahim et al., 2006). 

Calcium is essential for plants in many ways. It provides structural support in cell walls and 

membranes, and serves as a universal secondary messenger inside cells, controlling growth, 

development, and how plants react to environmental stresses (Hepler, 2005). It also helps 

regulate stomata, supports nutrient uptake, and strengthens the plant’s ability to tolerate 

stress, which is especially important for sustainable agriculture in Pakistan’s tough climate 

(Khan et al., 2023; Weng et al., 2022). Beyond its role in plants, calcium is crucial in 

reclaiming problematic soils, such as saline and sodic soils widespread across irrigated 

regions in Pakistan. Here, calcium amendments like gypsum and calcium chloride improve 

soil structure and fertility by reducing sodium toxicity and enhancing nutrient absorption 

(Niamat et al., 2019). These improvements not only boost calcium availability but also 

restore soil health, helping maintain resilient and productive farming systems. 
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Although calcium is present in abundance in Pakistan’s soils, yet Pakistan face Ca 

deficiency among the population due to limited bioavailability of Ca in the staple food and 

dietary sources (Niaz, 2007). This state indicates close link between soil calcium level, 

calcium absorption efficiency of plants, crop’s nutrient quality and human health.To 

overcome these problems, it is essential to focus on the integrated approaches which help 

maintain soil health, improve calcium uptake efficiency, improve Ca level in food and better 

Ca availability for population.  

Role of Ca in Plants:  

Calcium plays a crucial role in maintaining plant health. It plays crucial role in maintaining 

cell wall structure, communication signaling, activate enzymes and help plants to tolerate 

stress. In cell wall structure Ca forms calcium pectate that helps stabilize and strengthen 

middle lamella, which stick cells together thus maintain cell wall and plants tissue stability 

(White, 2003). Ca maintain the permeability of cell wall thus regulate the movement and 

transportation throughout plants. It act as a secondary messenger inside plants cells. Ca 

plays crucial role in the hormones response, plants defence mechanism against 

environmental stress such as salinity, drought, flooding and attack of pathogen by 

transmitting signals (Feng et al., 2023; Bhar et al., 2023). Calcium triggers sensors and 

enzymes such as protein kinases, which then effect gene expression and protein 

functions, helping the plant grow well and withstand stress(Khan et al., 2023). For 

example Ca induce defense mechanism in the plants against microbial pathogen 

through production of reactive oxygen species and activate defense genes through 

PAMP triggered immunity and effector triggered immunity (Bhar et al., 2023; Wang, 

2024). Calcium work in connection with plant hormones such auxin, cytokinins and 

gibberellins to help coordinate with different stages of plant growth. Researcher 

have found a particular Ca binding proteins that not only help plants response to 

auxin but also maintain Ca level inside the cell. These connections link hormones 

signals with how plants adjust their growth and adapt themselves with 

environmental conditions (Yalovsky et al., 2019). In addition Ca maintain 

photosynthesis under stressful conditions like salt exposure.  It enhances the activity of 

antioxidant enzymes and helps keep chloroplasts stable, which is important for maintaining 

photosynthesis when plants face tough environmental conditions (Xu et al., 2017; Weng et 

al., 2022). Having adequate Ca benefits overall plant health by improving root and shoot 

growth, encourage flower and fruit development and improve nutrient uptake of key 

nutrients including nitrogen, phosphorus and potassium. It also prevents physiological 

disorder like blossom end rot by strengthening cell membranes and walls (Hepler, 2005; 

Demarty, 1984). However, both excess and deficiency of Ca can interfere with nutrient 

metabolism and cause abnormalities, emphasizing the need of balance Ca nutrition (Weng et 

al., 2022). 

Calcium Availability Issues in Pakistan: 
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In Pakistan Ca availability and uptake is continue to be a significant challenge due to soil’s 

characters and farming techniques. Most agricultural lands in the country are calcareous 

having high pH ranging above 7.5 to over 8.5 in some areas and are rich in calcium 

carbonate, which strongly effect Ca solubility and bioavailability (Bolan et al., 2023). 

Although, these soils are rich in Ca content, alkaline conditions create a chemical 

environment that bind Ca tightly to soil particles this make it harder for Ca diffusion and 

plant uptake. This situation further got worse by low organic matter level in the soil which 

further limit the nutrient mobilization (Memon et al., 2023). 

Recent studies of Sindh and Punjab soils highlights that the Ca availability is limited by soil 

salinity and sodicity issues, where sodium ion compete Ca on the root exchange site, reducing 

Ca uptake and causing damage to soil structure (Memon et al., 2023). This excess sodium not 

only elevate ionic imbalance but also leads to poor soil aggregation and water permeability 

by displacing Ca from exchange sites. This also slow down the root growth and nutrient 

uptake. Moreover, improper use of fertilizers and lack of site specific nutrient management 

have made Ca deficiency more common in the crops, despite high Ca reserves in the soils 

(Memon et al., 2023; Ali et al., 2014). Soil texture and depth variations effects Ca uptake 

kinetics to large extent. Bioavailability of Ca in the deeper layer is low and root system may 

be insufficiently developed by adverse soil condition, this reduce the Ca uptake efficiency of 

roots (Ali et al., 2014). Research also shows that the Ca availability is closely linked with 

uptake of other essential nutrients like potassium and magnesium. With high level of Ca 

some time limit the uptake of other cations due to competition between cations, highlighting 

the importance of maintaining the nutrient balance (Wakeel et al., 2017). 

To tackle these challenges, recent studies suggest integrated soil fertility programs that 

incl7de Ca based amendment like gypsum. These amendments help replacing sodium ion 

thus improving soil structure and improve bioavailability of Ca (Bolan et al., 2023). In 

addition to these amendments, site specific fertilization and organic matter applications are 

critical in sustainable agriculture and boosting crop yield in Pakistani agroecosystems. 

Role of Ca in Reclaiming Soil:  

Ca plays essential role in reclamation of degraded soil by improving soil physical, chemical 

and biological properties. One of the key role that Ca perform in soil reclamation, mainly the 

saline and sodic soils is through replacing toxic sodium ions from the exchange sites. This 

exchange helps improve soil structure by promoting soil particles aggregation and reducing 

soil dispersion. As a results water infiltration and root penetration become easy (Kinraide, 

1998). Some commonly used Ca amendments include gypsum and calcium chloride which 

supply soluble calcium that replace sodium on exchange sites, thereby restoring soil 

permeability and fertility (Singare, 2022). 

Calcium plays an important role in how organic compounds and minerals interact, which 

helps maintain the level of soil organic carbon (SOC). It supports the formation of mineral-

associated organic matter (MAOM), stabilizing organic carbon in the soil by encouraging 

microbial residues and decomposed plant materials to attach and bind to mineral surfaces 
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(Shabtai et al., 2023).This process not only helps build up carbon storage in the soil but also 

provides nourishment that supports the microbial communities vital for maintaining soil 

health and nutrient cycling.Calcium creates a better environment for plant growth by 

improving soil pH, especially in alkaline and calcareous soils, and by lowering soil salinity 

and alkalinity. Calcium-containing amendments, such as calcium lactate, have been shown 

to lower soil salinity and improve soil structure by encouraging bonds like bridging and 

hydrogen bonding between soil particles (Fan et al., 2025). Additionally, applying 

amendments like calcium carbonate helps form larger soil aggregates and strengthens soil 

structure, which in turn improves soil aeration and helps retain moisture (Xie et al., 

2024).New calcium-based reclamation methods, such as calcium-iron modified biochar, 

have recently proven to be a sustainable and environmentally friendly way to reclaim saline-

alkali soils by improving nutrient availability and creating conditions that support beneficial 

microbes (Zhang et al., 2024). Through these various mechanisms, calcium plays a vital role 

in maintaining soil health, boosting soil fertility, and supporting a healthy agricultural 

ecosystem. 

Table:1.Role of calcium in Soil Reclamation. 

Role of Calcium in 

Soil Reclamation 

Mechanism Agricultural 

Benefits 

References 

Sodium displacement 

in sodic soils 

Calcium reduce ESP 

and SAR by 

replacing sodium on 

soil exchange sites. 

This improves soil 

structure, water 

infiltration, and 

permeability 

Kinraide, 1998; 

Singare& Singh, 

2022 

Calcium promote soil 

aggregates formation  

Calcium promote 

flocculation of clay 

particles and 

stabilizes aggregates 

This improve 

aeration, water 

retention, root 

penetration 

Bolan et al., 2023; 

Pure Milieu, 2023 

Calcium promotes 

stabilization of soil 

organic matter 

Calcium promote 

binding of organic 

compounds to 

mineral surfaces 

Increases soil carbon 

sequestration and 

microbial activity 

Shabtai et al., 2023 

Buffering soil pH 

and reduce soil 

salinity reduction  

Calcium-containing 

amendments 

neutralize alkalinity 

and reduce salinity 

Creates favorable 

conditions for crop 

growth 

Fan et al., 2025; Xie 

et al., 2024 

Ca improve soil 

porosity and aeration 

Improves pore size 

distribution 

facilitating gas 

exchange and water 

movement 

Supports healthy root 

development and 

drought resilience 

Pure Milieu, 2023; 

Kynoch, 2024 

Enhancement of soil 

microbial activity 

Calcium promotes 

growth of beneficial 

soil microbes 

Boosts nutrient 

cycling and organic 

matter decomposition 

Pure Milieu, 2023 
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Use of calcium-iron 

amendments 

Calcium-iron biochar 

improves nutrient 

availability and soil 

structure 

Sustainable 

reclamation of saline-

alkali soils 

Zhang et al., 2024 

Remediation of soil 

compaction 

Soluble calcium 

loosens compacted 

soils 

Facilitates root 

growth and ease of 

soil management 

Kynoch, 2024; 

OneTetra, 2024 

 

List of Ca containing fertilizers in Pakistan: 

Table:2. List of Ca containing Fertilizers in Pakistan, benefits and Harms 

Ca Fertilizer 

Form in 

Pakistan 

Uses in 

Different Soil 

Types 

Benefits Harms of Using 

Them 

References 

Calcium 

Ammonium 

Nitrate (CAN) 

This is suitable 

for neutral to 

slightly alkaline 

soils 

Supplies 

nitrogen and 

calcium; 

improves crop 

yield 

Potential misuse 

and regulation 

may cause few 

environmental 

issues 

Sarsabz, 2024; 

Dawn News, 

2023 

Calcium Nitrate Give better 

results in sandy, 

calcareous, and 

saline soils 

Contain readily 

available Ca and 

N; supports fruit 

quality 

Excess 

application can 

cause nitrate 

leaching 

IR Farm, 2025 

Calci Plus (Ca + 

Micronutrients) 

Effective in 

nutrient-

deficient and 

calcareous soils 

Supplies 

calcium and 

essential 

micronutrients 

 If not properly 

used induce the 

risk of nutrient 

imbalance 

Ali Agro, 2024 

Calcium Boron 

Liquid Fertilizer 

Effective in 

micronutrient-

sensitive crops 

and calcareous 

soils 

Improve fruit 

set, disease 

resistance, and 

quality 

Excess boron 

toxicity possible 

if overdosed 

Shah Chemical, 

2024 

Gypsum 

(Calcium 

Sulfate) 

Used in sodic 

and saline soils 

Displaces 

sodium, 

improves soil 

structure 

Can acidify soil 

over time if 

applied 

excessively 

Singh & Singh, 

2022; Bolan et 

al., 2023 

Calcium deficiency Issues in People of Pakistan: 

Despite calcium being an abundant element in Pakistani soil, its deficiency remains a 

widespread issue in Pakistani people. This is mainly due to several dietary, physiological and 

socioeconomic factors. Recent studies find that more than 90% children in the flood effected 
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areas of KPK are effected with calcium deficiency and many of them facing problems like 

weak bones and dental issues (UlHaq et al., 2021). Dietary intake of Ca is very low as staple 

diet lack sufficient calcium rich foods, like dairy products, green leafy vegetables and 

fortified sources (Afeiche et al., 2024). Limited exposure to sunlight due to life style factors 

mainly in the women and children cause problem like deficiency of vitamin D, whose 

deficiency reduce calcium absorption efficiency (Abbas et al., 2025; Thejas, 2025). Women 

are particularly at risk due to pregnancies and lactation, which enhance calcium demand, and 

if unmet it leads to osteoporosis and fractures later in the life (Brecorder, 2025).  Lack of 

public awareness and limited availability of calcium supplement mainly in the rural and 

poorer communities make matter worse (Haleon Health Partner, 2008; Women of Strength, 

2024).  This creates public health paradox where Ca is abundant in the soil but unable to 

translate to human nutrition, because of micro nutrient deficiencies, diet habits and social 

factors. Addressing these problems in Pakistan require integrated approaches like educating 

peoples on nutrition, fortifying food with calcium and vitamin D, running supplementation 

programs and promoting more diverse food to enhance Ca intake and absorption (Khan et al., 

2013; UlHaq et al., 2021). 

 

Conclusion:  

Calcium is an important element in Pakistani agriculture system, from playing key role in soil 

health, supporting plant growth and human nutrition. In calcareous and alkaline soils calcium 

is present in abundance but its availability to plants is limited due to high pH, excess of 

sodium and soil texture which make it harder for plants to uptake Ca and reduce plants yield. 

Alongside with structural component of cell wall, Ca regulate growth, stress tolerance and 

nutrient uptake by inducing signaling pathways. Ca amendments like gypsum and calcium 

nitrate are important in reclaiming sodic and saline soils by displacing sodium and promoting 

aggregates formation. Pakistani people are facing clear paradox in human nutrition even of 

Ca abundance in soils due to poor dietary intake, vitamin D deficiency and sociocultural 

practices mainly in the women and children. To address these challenges require integrated 

approaches like educating people, food fortification and public health intervention addressing 

vitamin d and Ca intake. Improving bioavailabilty of Ca in soil by developing nutrient 

efficient crops and ensuring fair access to nutrient rich diet thus will together promote healthy 

agro ecosystems and populations. 
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