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Abstract 

 This article aims to introduce one of the most important components of the main soils in the arid 

and semi-arid regions of the world, which constitute approximately 100 million hectares of the 

total soil area in the world, specifically gypsum, which has important effects on the overall 

chemical, physical, biological, and fertile properties of the soil. Physically, gypsum, added in 

measured quantities to the soil, will contribute to improving soil structure, drainage, and aeration 

as well as increase water conductivity, in addition to improving the aggregation of soil particles, 

which in turn will work to reduce the bulk density by improving the structure in natural conditions. 

On the other hand, the presence of gypsum in large quantities in the soil, or if it is more than 10% 

It, is considered a gypsum soil, which leads to weakness in its structure and bearing capacity, 

especially when moistened, due to its high solubility, and may cause collapses, settlement, and 

sinkholes of the soil. Chemically, gypsum is used in the reclamation of alkaline saline soils, as 

calcium replaces sodium in the exchange complex, lowering soil pH and reducing dispersion by 

replacing sodium ions with calcium ions on exchange sites. Therefore, it is used as a soil 

amendments for alkaline saline soils. The article also highlights methods for managing and 

utilizing gypsum soils in terms of modern tillage and irrigation systems. The presence of large 

quantities of gypsum in the soil causes many problems in all its properties. Therefore, adopting 

shortened tillage systems has proven more efficient than traditional tillage methods and is 

considered a viable alternative under agricultural conditions for gypsum soils. Furthermore, the 

irrigation systems used to irrigate gypsum soils have a significant impact on their optimal 

management, as irrigation science examines irrigation water sources, methods of controlling and 

utilizing them, and delivering them to agricultural lands. As for the modern and well-known 

concept of managing the irrigation process, it is the optimal use of water instead focusing on the 
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yield only. Modern irrigation is an advancement in understanding the water processes that take 

place , such as the movement of water from the soil the plant, which results in the best use of 

irrigation water ,lowering waste while raising yields and enhancing production quality to maintain 

global food security proportion  to the rate of population growth. 

 

 

Keywords: Gypsum soils, food security, production quality, chemical properties, physical 

properties. 

 مقالة

 إدارة واستعمالات أراضي الترب الجبسية في العراق

 

*وى هاشم خلف الشمريسل                       
1
* دموع صادق خضير                        

2
* الدايني ليث جودة كريم                        

3  

 وزارة التعليم العالي والبحث العلمي               وزارة التعليم العالي والبحث العلمي                  جامعة بغداد  

 الدائرة الإدارية والمالية                         الدائرة الإدارية والمالية                   كلية علوم الهندسة الزراعية                   

                              

  المستخلص  

نحو ماو موالتةي تشة   مة  الاةال   في المناطق الجافة وشبة الجافةة الرئيسةهدفث هذه المقالة الى الحعريف بأحد اهم مكونات الحرب  
 خصباص المجمب  الجبس  االحبل ل با جبأت رات م مبة فبل  الا وهةي مةا  امي نمهكت رمانماس حةمالتوربمالكميوةم ولمالمو ل م م011يق ربم

 فةي حةا  افةافتك ب ميةار م روسةة الةب التةر م  الناحيةة الييييائيةة الجبس فصوب ة للحرب,  الك م اص ة االف زياص ة االح وية االخ

ففلاً ع  تحسي  تجميع  قائق التربة والذي ب وره  المائية الايصاليةوييي  م   اءها والصرف والتهويةيسه  في تحسي  بنسوف 

سوف يام  علب التقلي  م  ال ثافة الظاهرية م  خلا  تحسي  البناء في الحالار الطبيايةة ومة  ناحيةة اخةرن فةا  وجةو  الجةس 

هةا و قةو  فتا  فم  تصةنيف التةر  الجبسةية ممةا يةل ي الةب فةاف بنائ% 01ب ميار  بيره في التر  او اذا ما يا  ع  ح و  

وم  الناحيةة ال يميائيةة فةم  مةا    تحملها لاسيما عن  الترطي  بسب  ذوبانك الاالي وق  يتسب  بانهيارار وهبوط التر  وتخسيها.

الجبس تستخ   في استصلاح التر  القلوية الملحية اذ يح  عنصر ال السيو  محة  الصةو يو  علةب ماقة  التبةا   ممةا يةل ي الةب 

بة ويقل  م  تشتتها عبر عملية استب ا  ايونار ال السيو  محة  ايونةار الصةو يو  علةب مواقةع التبةا    لةذا الترخيض رق  تياع  

فهو يستخ    محس  للتر  القلويك الملحية   ما وتسلط المقالة الفوء علب طرائق ا ار  أرافي التر  الجسية واستامالاتها م  

اجاووولم ووولممةلمع يووو كسووو بم ا ووو تيم كايووو تمك يووورلم ووولمالتر وووةممالجووو ساووو  ةملانم جووو  ممحيةةةن أنظمةةةة الحراثةةةة والةةةري الح يثةةةة 
ائلم تمو ماونمال وماذطرائو مالحرا وةمالتقمي يوةم عتاو  ماق رنوةم ا  توتمكا تتهو م نماعتاو  مننماوةمالحرا وةمالاختصورةم و م لذاممه خص ئص

التربممالج سيةم  لغمالأ رم لمطرائو ما ارتهو مم,كا م انملنم مالريمالات مةم لمريمالجي ةمج امتحتممر فمالزراعةملمتربمالج سية
  ل ووكلمالاا وولماذمانمعموو مالووريمي حووثم وولماصوو  رمايوو لمالووريم طوور مالووتحك م  هوو م اسووتراله مم ايصوو له مل را وولمالزراعيووةمااوو م

ماوونمالرمووةمم وو لريمالحوو  يثمهوو متطوو يرملاهوو مالااهوو  مالحوو يثم الاتموو رفمعميووةمل ارةمعاميووةمالووريمهوو مالاسووتما لمالأا وولملماوو تم وو لا 
المامي تمالا ئيةمالح صمةم التلمتت انمانتق لاتمالاي لمانمالتر ةمالىمالن  تماا ميؤ يمالوىمالاسوتما لمالأا ولملاو تمالوريم التقميولم
اونمالهو رماويمزيو  ةممالح صولمم تحسوينمجوو  ةمالنتو جملاسوت ااةمالااونمالروذائلم ولمالموو ل م او ميتن سوبماويمحجو مالزيو  ةمالح صووم م

ملسك نم لمالم ل .  
م
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Introduction 

-Calcium sulfate, or what is known as 

gypsum, is one of the most important 

components of soils in arid and semi-arid 

regions of the world, where annual rainfall 

rates are less than 500 mm. It has important 

effects on all of its chemical, physical, 

biological, and fertile properties in relation 

to the quantity and quality of gypsum 

contains and the surrounding environmental 

conditions ( khudair et al,.2019). 

-Gypsum soils are relatively strong and 

cohesive in the dry state due to the presence 

of gypsum between their grains, but they 

become brittle and weak in construction 

when water flows through them, which is 

the main reason for the collapses in their 

construction. 

- Physically, gypsum, when added to soils, 

significantly contributes to improving their 

construction. drainage, and aeration, and 

increases water conductivity, as well as 

improving the aggregation of soil particles, 

which in turn will reduce the apparent 

density by improving construction.  

-Additionally, the presence of large 

quantities of gypsum in the soil will 

certainly weaken its structure and load-

bearing capacity, especially when 

moistened, due to its high solubility, and 

may cause soil collapses, settlement, and 

sinkholes. 

- Chemically, gypsum is used in the 

reclamation of alkaline saline soils, as 

calcium replaces sodium on the exchange 

complex, which leads to a reduction in the 

soil pH and reduces its dispersion through 

the process of replacing sodium ions with 

calcium ions on the exchange sites. From a 

fertility perspective, gypsum plays an 

effective role in improving fertility 

properties. When used as a fertilizer added 

to the soil, it works to reduce the soil pH, 

thus increasing the availability of most of 

the nutrients needed by the plant, except for 

molybdenum (Jafarzadeh et al,.2000).  

 

The concept of gypsum soils 

   -Gypsum soils can be defined as those 

soils that contain gypsum at a rate that may 

reach 2% in the surface horizons and more 

than 14% gypsum in the subsurface 

horizons, which may be in the form of real 

gypsum or anhydrite. 

- Sometimes they are defined as soils that 

contain a gypsum horizon or a petrogypsum 

horizon at a depth of 100-125 cm from their 

surface.  

-The critical limit for the presence of 

gypsum in the soil is 10%, for its negative 

effects to appear in the soil, leading to 

inhibition of plant root growth and breaking 

of the continuity of the soil mass.  

-The gypsum horizon is known as a weak or 

incoherent horizon rich in secondary 

sulfates.  

-The term Gypseous is used for soils 

containing more than 50% gypsum, and the 

term Gypsiferous is used for soils containing 

less than 50% gypsum. Gypsiferous soils in 

Iraq have been placed under the order 

Orthids and the major group Gypsiortnids, 

according to  (Soil Survey Staaf,1975 and 

Salim,2001). 

 

The areas occupied by gypsum soils and 

distribution in the world and Iraq 
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Gypsum soils cover large areas of the 

world's soil, as they are represented in 

central and southern Australia, western 

Siberia, and eastern Syria. 

- They are also found in central and northern 

Iraq, Iran, China, Algeria, Tunisia, eastern 

Spain, and southeastern Somalia. 

- They constitute about 100 million hectares 

of the world's soil area, and what is found in 

Iraq it is about 7-8 million hectares. The 

gypsum soils in Iraq extend over 

approximately 88,000 km
2
, constituting 6% 

of the total gypsum soils in the world and 

about 20% of the total area of Iraq.  

-Part of these soils are somewhat exploited 

agriculturally using management methods 

appropriate to the conditions of those soils, 

as they extend north from south of Sinjar 

and southeast of to the southern regions of 

Iraq and the western desert and the southern 

desert ( Jafarzadeh et al,.2000). 

 

 

The origin of gypsum in gypsum soils. 

There are multiple sources of gypsum in 

soils, and scientists and researchers differ in 

their opinions regarding the origin of 

gypsum in different soil types.  

-One of the most important reasons for 

gypsum formation in soils is the presence of 

the parent material of soils rich in Pyrite, a 

mineral belonging to the sulfate group.  

-Pyrite is relatively rare in igneous, 

metamorphic, and sedimentary rocks found 

in soils worldwide. -Due to the continuous 

weathering and oxidation processes over 

time, the sulfur is converted into sulfuric 

acid, which in turn reacts with lime, 

especially in calcareous soils, thus initiating 

gypsum formation in the soil. 

- Primary gypsum forms either as a result of 

the evaporation of saline groundwater by 

capillary action or through the precipitation 

of that water.  

-The accumulation of gypsum in soils is 

primarily related to the weathering of parent 

material, which can dissolve to varying 

degrees under specific conditions due to the 

influence of permeable water. Weathering 

and dissolution of gypsum in the parent 

material, along with precipitation conditions, 

constitute the main mechanisms for gypsum 

formation in soils (Al-Khafaji,2016) . 

Furthermore, soil texture and ground 

perspective play a significant role in gypsum 

pedogenic formation, and crystallized 

gypsum has been found in light-textured 

soils, a finding confirmed by both 

(peyman,2011 and FAO,1990). 

Shapes of gypsum crystals in gypsum soils 

-It is noted that the gypsum crystals formed 

in gypsum soils differ in shape, distribution, 

and size, which are closely related to the soil 

depth and the prevailing moisture regime in 

different areas. 

- Many studies and research have proven the 

recording of differences in the length and 

thickness of gypsum crystals with the 

difference in moisture regimes, in addition to 

the diversity in the shape of the crystals as 

move towards the subsurface horizons of the 

soil, more than the surface horizons, in 

conjunction with the depth of the soil.  

-These crystals can be found individually or 

as blocks within the pores of the soil. Some 

studies have shown that gypsum accumulates 

in the soils over time in a manner somewhat 

similar to the accumulation of calcium 

carbonate in them. 
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- As gypsum is initially formed in the form of 

thin lines that begin as a small knot, it 

eventually leads to the formation of 

complete, solidified, and cohesive gypsum 

horizons. 

- It also seems that gypsum in the early stages 

of genetic formation appears in the form of 

small snowballs. 

- The microscopic forms of gypsum appear 

different, including lenticular crystals with 

single particles, branched fibrous crystals, or 

granular crystals; tabular crystals are also 

present. One of the main reasons for the 

formation of lenticular gypsum crystals in 

soils is the increase in the concentration of 

sodium chloride in them. 

- These crystals may be scattered in the soil 

mass, or they may partially or fill the gaps, 

voids, and channels, or they may be in the 

form of isolated prismatic grains scattered in 

the soil mass, or as fine grains intertwined 

with each other, hardened and appearing in 

an irregular form, forming hardened 

petrogypsum layers.  

-As for Vacuum Gypsum, it appears as fine 

crystals filling voids or as a flat form. It 

occurs due to the accumulation of rising salts 

resulting from the rise in the levels of saline 

or highly saline groundwater in the deep 

layers of the soil. Gypsum crystals may be 

coarse grains that dominate the soil mass (Al-

Bayati,2020 and Buck et al,.2002).  

Properties of gypsum soil  

 -As a result of numerous studies and research in 

the field of gypsum soils, many problems have 

been identified that these soils suffer from, such 

as poor fertility, the presence of impermeable 

layers, high salinity, the formation of sinkholes, 

and continuous collapses. 

- Therefore, their management requires special 

scientific methods, especially for agricultural 

exploitation. Here, there seems to be an urgent 

need to expand to conduct diverse and 

comprehensive studies in the field of 

determining the chemical, physical, 

morphological, and micromorphological 

properties of gypsum soils, with a focus on 

studying the types of crops suitable for their 

economic exploitation (Al-Barzanji,1986) . 

-Besides, many studies have indicated that the 

stability of soil aggregates with weak 

composition can improve markedly after several 

years of continuous cultivation, particularly with 

modern agricultural rotations that have been 

well studied and do not rely on deep plowing.  

-Keeping parts of crop residues in the soil may 

have a positive impact on its physical and 

morphological characteristics, and the 

succession of both wetting and drying processes 

may lead to a significant decrease in its large 

pores and the formation of solid, surface layers.  

Morphological characteristics of gypsum 

soil  

-Most studies specializing in gypsum soils 

have indicated a noticeable variation in 

gypsum in terms of shape, size, and 

distribution in different soils.  

-Therefore, it is possible to distinguish 

several shapes of gypsum in gypsum soils in 

relation to their sizes according to the Unified 

Soil Classification System – USCS.  

-Some of them appear in the form of 

lenticular or spindle-shaped crystals, the 

diameters of which may reach 2 mm, i.e., a 

size ranging from the size of silt to coarse 

sand.  

-They may have crystalline faces that appear 

almost complete to complete. They may be in 
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the form of needle-shaped plates or have 

rough-textured crystalline diameters.    

-They may take the form of clusters in some 

gypsum horizons.  

-They may appear in the form of a fine 

powder depending on the different properties 

of the soils, the topographical location, and 

the distance from the main source of gypsum 

in the soils. (Buck et al,.2002 and klein et 

al,.1985). 

 

Physical properties                                                                                                                      

-Texture is one of the most important stable, 

long-term physical properties and is crucial for 

understanding soil formation conditions and 

genetics. 

- It is difficult to determine the specific soil 

texture in the field for characterization and 

classification of gypsum soils, along with other 

properties, depending on whether they are 

irrigated or rainfed, due to gypsum's solubility 

in water. 

- Currently, there is no definitive method that 

can be used to determine this. In evaluating the 

particle size distribution and accurately 

identifying the texture classes of gypsum soils, 

the correct interpretations of the physical 

behavior of these soils are developed.  

-However, most laboratory methods used to 

determine the particle size distribution of 

gypsum soils involve pretreatment to remove 

gypsum and the most soluble salts, as well as 

iron oxides.  

-It should be noted that the presence of gypsum 

in the soil will give it a rough texture when 

assessing its texture in the field, unlike 

laboratory testing, due to gypsum's solubility in 

water.  

-Thus, field estimation of the texture of gypsum 

soils is misleading because gypsum crystals 

exist in varying sizes, some as small as sand 

grains. 

- Consequently, the shape and degree of 

crystallization of gypsum particles will affect 

the soil texture. (pearson et al,.2014 and Soil 

Survey Staaf,2014b).  

 

Chemical properties     

-Most studies and research in the field of 

studying gypsum soils for Iraqi soils have 

shown their very low content of organic 

materials due to the nature of the climatic 

conditions prevailing in arid and semi-arid 

regions characterized by low rainfall and 

leaching (Al-Bayati et al,.2017(. 

- This primarily results in sparse vegetation 

cover and reduced biodiversity. 

- Organic matter content decreases with soil 

depth.  

-Regarding the cation exchange capacity of 

gypsum soils, which reflects the soil's ability to 

retain nutrients adsorbed on exchange surfaces 

and subsequently exchange them for other 

elements, the CEC of gypsum soils is also low 

)Alawi et al,.2017  ( . 

- Thus, the extent of its availability to plants, 

which is considered a storehouse that supplies 

plants with the elements necessary to complete 

their life cycle, is ideal  )  Al- Maamouri et 

al,.2024). 

 

Gypsum soil management  

-The process of exploiting gypsum soils 

agriculturally, which cover large areas of 

land, requires modern methods of managing 

them properly, which works to provide large 

quantities of food to the increasing numbers 

of the world's population annually, to sustain 

food security, which represents a major 
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challenge to nature and its outputs from 

gypsum lands.  

-One of the most prominent problems with 

these soils is the gradual dissolution of 

gypsum, creating what are called sinkholes, 

and consequently causing the collapse of 

large areas of agricultural land, rendering 

them unusable and therefore unsuitable for 

agriculture.  

-Therefore, the use of traditional tillage 

systems in gypsum soils has proven 

inefficient and completely unsuitable for 

these soils.  

-The presence of large quantities of gypsum 

in the soil causes numerous problems in its 

overall properties. Many studies and research 

in this field have demonstrated that adopting 

shortened tillage systems has achieved 

significantly higher yields and yield 

components compared to traditional tillage 

methods. 

- It is considered a very good alternative 

under agricultural conditions to gypsum soils, 

in order to save on energy and labor costs 

economically, as well as reducing soil 

erosion, promoting biological conditions, and 

improving soil quality in line with the 

conditions specific to gypsum soils.  

-It also increases the accumulation of organic 

matter at the surface and increases the 

stability of the aggregates, thus improving 

their properties.  

-Furthermore, adding fertilizers, including 

phosphates, by the dual-sided drip method of 

the crop has proven, through existing studies 

in this field, to be more efficient than using 

traditional methods such as broadcasting, 

bunding, and one-sided drip application, 

which are not suitable for supplying plants 

with nutrients optimally in such soils.  

-Therefore, the optimal management of 

tillage and fertilization systems for gypsum 

soils, in accordance with their nature, will 

inevitably reduce costs while increasing yield 

and quality to maximize the net production of 

crops grown in them.  

-Moreover, the irrigation systems used in 

irrigating gypsum soils have a significant 

impact on their optimal management. 

Irrigation science examines irrigation water 

sources, methods of controlling and utilizing 

them, and delivering them optimally to 

agricultural lands. 

- The general concept of irrigation is adding 

water to the soil to provide it with the 

appropriate moisture for plant growth. 

- However, in the modern and widely 

accepted concept among irrigation 

management specialists, irrigation is the 

optimal use of water rather than yield. 

- "Optimal" here refers to the most realistic 

approach to managing the irrigation process 

according to soil types, as determined by 

those concerned. Irrigation, within the 

modern concept, is the development of an 

understanding of the water processes 

occurring in soils of various types and 

characteristics, which include the transfer of 

water from the soil to the plant.  

-This leads to the optimal use of irrigation 

water and the reduction of waste, while 

increasing yield and quality of production, in 

line with the scarcity of water resources that 

has recently emerged as one of the most 
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prominent problems facing the agricultural 

sector. (Obaid et al,.2017 and Salem et al 

,.2008 and Mahawish et al,. 2016). 

 

 

Conclusions 

From the above, it can be concluded that the 

presence of gypsum in moderate quantities in 

the soil will physically contribute to 

improving its construction, drainage, and 

aeration, and will increase water 

conductivity, as well as improve the 

aggregation of its particles. On the other 

hand, soils are classified as gypsum soils if 

gypsum is found in them in large quantities 

or exceeding 10%, which leads to weakness 

in their structure and bearing capacity, 

especially when moistened, due to the high 

solubility of gypsum in water, and causes 

collapses, settlement, and sinkholes in soils. 

The process of exploiting gypsum soils, 

which cover vast areas of land worldwide, in 

the agricultural field requires modern 

methods of managing them, as one of the 

most prominent problems of these soils is the 

gradual dissolution of gypsum, causing what 

are called sinkholes, and consequently, the 

collapse of large areas of agricultural land, 

and their being out of service and unsuitable 

for agriculture. The adoption of shortened 

tillage systems has achieved high positivity in 

yield ratios and components compared to the 

adoption of traditional tillage methods, as it 

leads to the accumulation of organic matter 

on the surface and increases the stability of 

the aggregates, which improves soil 

properties. Also, the addition of fertilizers, 

including phosphates, by the dual-sided drip 

method of the crop has proven to be more 

efficient than the use of traditional methods. 

Recommendations        

This article highlights the urgency researchers to 

conduct broad studies to better understand the 

characteristics of gypsum soils to determine 

appropriate methods in their management 

method to ensure that they do not deviate from 

their agricultural scope for the sustainability of 

food security in the world and in a manner 

consistent with the nature of increasing 

population growth, which makes there an urgent 

need to provide food and energy sources. 
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