W

Kirkuk University Journal for Agricultural Sciences ' _@‘"4}‘!,’i

ISSN:2958-6585 éﬂ’mf’ e

= https://kujas.uokirkuk.edu.ig = R
REVIEW ARTICLE https://doi.org. 10.58928/ku25.16207

Improvement of Gypsum Soil Properties by Adding Organic and Mineral

Fertilizers and Its Productivity for Oil Crops(Review Article).
Ahmed F. M. Al-Enzy* Basim A. Ziydan? Mustafa Abed AL-Jabbar Salih?
Center of Desert Studies, University of Anbar, Ramadi 31001, IRAQ.
*Corresponding Author:ds.ahmed.alenzy@uoanbar.edu.iq.

Received:26/03/2025 Revised:23/04/2025 Accepted: 05/05/2025 Published: 01/06/2025

ABSTRACT

These studies were carried out with the purpose of boosting the efficiency of oil crop production. The purpose of this
study was to gain a better understanding of how the use of organic and mineral fertilizers can influence the physical and
chemical features of gypsum soils. Compost, manure, and biochar are examples of organic soil additions that may provide
an increase in soil porosity, water-holding capacity, soil microbial population, root penetration, and nutrient utilization.
These improvements can be accomplished by the application of organic soil amendments. On the other hand, there is the
availability of concentrated inorganic fertilizers, which provide a substantial amount of elements such as minerals and
vitamins. These fertilizers are composed of nitrogen, phosphorus, and potassium, and their purpose is to improve the
quality of crops as well as the vitality of plants. By combining a number of different methods of fertilization, it is possible
to successfully lessen the quantity of soil that is compacted and to optimize the efficiency with which nutrients, root
conditions, and water regimes are cycled through the plant. Research conducted in the field has shown that the
implementation of the strategy leads to an increase in the amount of oil crops that are produced. An increase in oil quality
and quantity, as well as an increase in the plant's resistance to abiotic stresses like salt and drought, are the means by which
this objective may be attained. According to the findings of this research, the management of gypsum soils should make
use of methods that are both effective and environmentally friendly. It also established that the most effective method to
attain these aims is to combine organic and mineral fertilisers as the acceptable and practical techniques to promote
sustainable agriculture and realise the oil crop production potential on gypsum soils. This was determined by the findings
of the study.
Keywords: Gypsum soils, organic fertilizers, mineral fertilizers, soil fertility, oil crops, sustainable agriculture, soil

improvement.
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INTRODUCTION

The irrigated lands where agriculture, especially the cultivation of oil crops, has been developed experience severe
desertification, water and wind erosion, and salinization. Changes in soil structure and properties have led to decreased soil
fertility. Gypsum soils are particularly vulnerable to degradation if cultivated carelessly, resulting in increased soil density,
reduced water permeability and infiltration, and thinning of the active topsoil layer, while deeper layers cease functioning
effectively. The detrimental effects of increased gypsum content can hinder root system development, worsen soil fertility,
and reduce plant growth, development, yield, and the content of useful substances in plant biomass [1].
To counter these effects, using organic and mineral fertilizers and cultivating crops like lupine and amaranth is suggested.
Scientific investigations aimed at increasing the productivity of gypsum soil for oilseed crops through fertilization are
essential. Applying these fertilizers has shown nearly a 100% vyield increase in oilseed crops like soybeans compared to
untreated soils. Additionally, humus and nutrient content in the topsoil improved, and soil pH shifted toward the alkaline
range. These findings highlight the potential for ecological restoration through fertilization [2].
Gypsum Soil Properties

In some areas, soils suffer from gypsum contamination, leading to degraded soil properties such as disrupted water regimes,
poor plant nutrition, and reduced crop productivity. This study aimed to evaluate the effectiveness of humates and mineral
fertilisers in modifying gypsum-contaminated soil properties (Figure 1) and boosting sunflower and rapeseed yields [3].
The researched soils were classified as chromatophosols, differing in bioactive element content. The highest gypsum content
was found in the soil horizon, with similar levels in the primary and subsoil layers (Figure.2). High calcium saturation was
observed in the soil adsorption complex, with Ca2+/Z(Ca+Mg) ratios ranging from 0.75-0.97 in the primary soil layer and
0.99-1.00 in the subsoil. Conversely, cation exchange capacity (CEC) was relatively low. Soil pH values ranged from 4.61 to
4.87, decreasing significantly in subsoil layers due to gypsum and free aluminium content [4].
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Gypsum Contamination and Soil Properties
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Figure.1 “A comparative analysis of the effect of gypsum contamination on the chemical properties of the top-soil and sub-
soil horizons. The above graph shows fluctuation between gypsum content Ca2*/X(Ca+Mg), CEC, and soil pH. Gypsum
content and calcium saturation increase downwards while CEC values decrease downwards, showing poor nutrient holding
capacity for deeper layers of subsoils.”
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Figure.2 Soil Layers

Characteristics of Gypsum Soil

The main soil-forming rocks in the North Caucasus are carbonaceous and low-mountain gypsum, characterized by low
humus content, limited mineral nutrients, especially nitrogen, less mobile phosphorus forms, and heavy metal accumulation.
Soil reclamation in this region requires high doses of organic and mineral fertilizers. Reclamation efforts have improved
gypsum soil properties, boosted crop yields, and enhanced nutrient absorption due to extended snow retention periods [5].
Research indicated that control soils of carbonaceous gypsum contained 0.3% humus, 185 mg/kg soluble nitrogen, and
minimal hydrolyzable phosphorus. Sunflowers absorbed inorganic phosphorus from endospheres primarily during early
growth stages. Root exudation of carboxylate ions promotes phosphorus availability, which is essential for plant nutrition.
Due to low exchangeable cations, plants relied on rhizospheric microorganisms for magnesium, potassium, and sodium, while
heavy metals were immobilized due to high clay content and cation exchange capacity (Figure.3) [6].
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visualization of rhizospheric microorganisms interacting with plant roots in soil.
Importance of Gypsum Soil in Agriculture
Gypsum soils are very important in agriculture especially in areas that are characterized with water rationing or areas
which soils are degrading due to water stress or poor quality water. Each of these soils is cemented with high gypsum content
giving them specific physical and chemical properties suitable for agriculture with some complications. As a type of soil,
intensive management should be employed so as to realize their potential in the support of agricultural activities [7].
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One of the main benefits of using gypsum soil is the fact that it enhances the soil structure. Being a soil conditioner, it
facilitates aggregate stability of gypsum, improves water infiltration, and provides better drainage. It is especially important
in areas where water is scarce since it reduces forming of pus on the ground; at the same time, it makes moisture available to
the root systems in plentiful amounts. In addition, it is established that intensive recalcitrant gypsum soils do not impart the
detrimental consequences of salinization-a noteworthy nuisance in arid climates. Gypsum removes sodium ions from the soil
and also has a role in changing the physic chemical condition of the soil to support crop production [8].
But again, gypsum soils have limitation that need to be managed to enhance production and yields. Such soils often have a
low organic matter content, available micronutrients, and easily compactible particles. Efficient fertilizer technologies, such
as the incorporation of organic matter and the fundamental nutrients, that will help in the improvement of the fertility of the
gypsum soils, must be applied in an appropriate way for the fertilization of the gypsum soils. Also, crop choices which are
not sensitive to the conditions of the gypsum soils would enhance agricultural performance [9].
With regard to the discourse of sustainable agriculture, gypsum soil is a pool of opportunities that can support soil
conservation, increased land yield and food security even under unfavorable conditions of the physical environment. Such
‘droughty’ soils, if properly managed, can offer a lasting resource, enhancing the sustainability of our agricultural system and
the viability of agri-production systems in the arid and semi-arid areas [10].
Several studies indicate that gypsum soils suffer from a deficiency in the available quantities of most nutrients. [24] found
18.2 mg kg soil available nitrogen in the soils of the College of Agriculture fields at Tikrit University. With regard to the
discourse of sustainable agriculture, gypsum soil is a pool of opportunities that can support soil conservation, increased land
yield and food security even under unfavourable conditions of the physical environment. Such ‘droughty’ soils, if properly
managed, can offer a lasting resource, enhancing the sustainability of our agricultural system and the viability of agri-
production systems in the arid and semi-arid areas [11].
Organic and Mineral Fertilizers
Types of Organic Fertilizers

Another type of fertilizer is the organic fertilizer and this is those fertilizers that are from natural products Table.1. The
most common types are compost, manure, and biochar, all of which add different values to most agricultural settings. Organic
manure, prepared from decomposing matters, plant products, and kitchen wastes is a rich source of nutrients in addition to
contributing to the improvement of the soil structure. It helps, in creating pore spaces between the particles, which aid in
aeration, improves water retention, and stimulates microbial organisms whose main habitat is in the soil [7].
Another organic fertilizer is manure coming from any living cattle and other livestock. It gives nitrogen phosphorus and
potassium needs of plants and at the same time contributes to the content of the organic matter in the soil. It also assists in
soil development for fertility, water retention and is a constraining factor from soil erosion. This helps reduce contamination
with pathogen and makes manure suitable for use in crops production Properly aged or processed manure is safe for crops
when applied [11].
Biomass pyrolysis produces biochar, which has been widely considered to have the potential to enhance the physical status
of the soil. This activity helps in improving water recruitment and nutrient utilization, alleviation of soil acidity and
improvement of soil health through the support of beneficial microbial population. There is substantial literature on how
biochar helps in storage of carbon in the soil for long term, so it has a potential for mitigating climate change [12].
Also, organic manures release nutrients slowly in the soil rather than releasing them at once, as is the case with mineral
fertilisers, and this greatly reduces leaching and constantly avails nutrients to the crops. They also help in maintaining long
term health of the soils by augmenting the organic content of the soil as well as encouraging suitable microbial actions [13].
The inclusion of organic fertilizers in agriculture has a positive impact on sustainable farming systems since quantity of soil
fertility can be enhanced, water retention ability and environmental conservation can be enhanced. Their application is most
important in combating soil degradation and sustaining agriculture systems in various production environments [14].

Table.1 organic fertilizer and their benefits:

Type of Organic Source Key Benefits
Fertilizer
Compost Decomposed organic matter (e.g., Improves soil structure, enhances aeration, increases water
plant residues, food waste) retention, and boosts microbial activity. [13,14,15].
Manure Animal waste (e.g., cattle, poultry, Provides essential nutrients (nitrogen, phosphorus,
or sheep manure) potassium), increases organic matter, and retains moisture.
[13,14,15].
Biochar Biomass (e.g., wood, crop Improves water retention, enhances nutrient availability,
residues) processed via pyrolysis reduces soil acidity, and sequesters carbon. [4].
Green Manure Cover crops (e.g., clover, alfalfa)  Enriches soil with nitrogen, suppresses weeds, and improves
plowed into the soil soil structure. [17].
Bone Meal Finely ground animal bones Provides a slow-release source of phosphorus and calcium,

improving root development and plant strength. [12].
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Fish Emulsion Byproducts of fish processing Offers quick-release nutrients, especially nitrogen, and
boosts plant growth.[13 , 14].

Vermicompost Decomposed organic material Enhances nutrient availability, increases microbial activity,
processed by earthworms and improves soil structure. [19].
Peat Moss Decomposed sphagnum moss or Enhances water retention, improves soil aeration, and
other organic material reduces soil compaction. [15].
Seaweed Fertilizer ~ Extracted from marine algae (e.g., Supplies trace minerals, boosts plant health, and enhances
kelp) resistance to stress. [14].

Types of Mineral Fertilizers

Mineral fertilizers have become notable input in contemporary farming because they supply the plants with nutrients that
are in one way or another easily accessible to enhance the plant density’s production output Table.2. These fertilizers, which
contain nitrogen (N), phosphorus (P) and potassium (K) are essential in supplements for wants in the soil and production
needs in intensively farmed ground [15].
Organic nitrogen fertilizers like urea and ammonium nitrate are important in encouraging growing of vegetations. Nitrogen
makes up chlorophyll, which is the pigment in plants needed for photosynthesis as well as aminos, which are the acids that
make for proteins. Nitrogen availability forms one of the best ways through which farmers can improve on plant growth and
the possible yields [16].
Phosphorus fertilizer which includes super phosphate and DAP are crucial as root formation, transport of energy to the plant
tissues and flowering. Phosphorus is most important for initial stage of plant growth and enhances the quality of the crop by
increasing the structural characteristics [17].
Potassium bearing fertilizers including potassium chloride and potassium sulfate improve the plant stress tolerance, drought
susceptibility, and other constraints including pest and diseases. Potassium affects water absorption, stimulates enzymes,
builds up strong cell membranes which enhance crop quality and shelf life [18].
The nutrient depletion is more rampant in intensively farmed systems because crops are grown frequently. Mineral fertilizers
replace these nutrients and sustain soil fertility hence enhancing sustainable crop production. When properly applied,
incorporation of these fertilizers will help farmers to avoid degradation in their soils, produce yields for longer periods, and
most importantly use resources appropriately [19].
Nonetheless, if used inappropriately and or in large proportions, these mineral fertilizers may cause the following
environmental problems: Water pollution and soil salinization. As a result, it was concluded that an ISFM, which is the use
of chemical fertilizers along with organic inputs, is effective in accomplishing the goals of sustainable agriculture with concern
to the environmental effects. These mineral fertilizers are still critical input in the current day farming as the population
continues to increase around the world [15].

Table.2 Types of Mineral Fertilizers:

Fertilizer Type Key Nutrients Benefits

Nitrogen (N) Promotes leaf and stem growth Enhances vegetative development
Phosphorus (P) Supports root and flower development Increases blooming and fruiting
Potassium (K) Boosts disease resistance and water regulation  Improves crop quality and stress tolerance

Effects of Organic and Mineral Fertilizers on Gypsum Soil Properties

The use of organic and mineral fertilizers is a feasible approach to overcome the problem of low production potential of
gypsum soils that dominate the arid and semi-arid zone. Halolimnic and alluvial soils have some constraints, such as low
levels of organic matter, poor soil structure, and poor nutrient status. The application of organic and mineral fertilizers together
eliminates these drawbacks making the soil healthy as well as the agricultural production [7].
Compost, manure and biochar as type of organic fertilizers are known to be essential in enhancing the physical characteristics
of gypsum soil. They also contribute organic top dressing to the gypsiferous soils, which are normally poor in this form of
soil improver. Organic matter increases the ability of soil formation of aggregates, hence, reduces the compactability of the
soil. This in turn improves on the degree of aeration and water infiltration to a plant root system so that the latter can get
sufficient supplies of both oxygen and water. Besides the availability of nutrients, organic manure increases water holding
capacity, and this is a vital factor for irrigation, which is limited in arid areas [1].
Posts include onion sets and mineral fertilizers that supply nutrients readily available to the plants. Nitrogen enhances
greening and leafing, phosphorus stimulates root formation and flowering, while potassium enhances the plant's ability to
endure drought and diseases. Many gypsum soils are low in these nutrients, hence their replenishment through mineral
fertilizers enables crops to have an access to the elements required for their growth [20].
Thus, the application of the organic, and comparatively to a lesser extent, the mineral fertilizers stimulate microbial action in
gypsum soils. Certain small living organisms break down complex organic compounds and liberate nutrients in soluble form
that plants can take up. It results in a better nutrient cycling increasing the fertility of the soil, making it suitable for plant

54



growth. In the same process, the ability to increase crop yields outweighs the other methods used in the long-run sustainability
factor in farming [5].
Among the reported advantages of interdependent fertilization, a great deal is made of enhancing the root production.
Improved structure and nutrient supply in the soil lets roots go deeper and become stronger, at the same time the plant has
greater capacity to obtain water and nutrients. This is more helpful in gypsum soil because plant growth is always limited by
root penetrate ability on this type of soil. A deeper root structure will also enhance crop resistance to various conditions
harbingers of poor yields such as drought and salinity [21].
Also, the use of organic and mineral fertilizers enhances the rates of water infiltration in the gypsum soil type. Organic matter
prevents the formation of hard crusts on the surface while enhanced structure promotes water infiltration down the layers of
soil profile. This is done because runoff is reduced; therefore, the most available water is used to the optimum. | find that
increase water infiltration has an added advantage of minimizing the instances of soil erosion, a vice common in areas with
gypsum soils [22]
Application of organic and mineral fertilizers is a form of sustainable farming thus, appropriate to practice. It improves crop
yields and at the same time solves the problems of land depletion, thus enabling subsequent generations to find arable land to
cultivate. This way of improving gypsum soil properties OKs the growth of many crops, food security and protection of the
environment [21].
Productivity of Oil Crops in Gypsum Soil

For edible oil, it means sunflower, rapeseed, and soybean crops are important, as they are used in the food chain, as well
as for oil needed for people and animals. These crops can be grown on gypsum soils with high levels of calcium sulfate, but
soil productivity constraints include low fertility, soil compaction, and poor water holding capacity. Use of organic and
mineral inputs has been found to enhance the productivity of oil crops in gypsum substrate and enhance agricultural practices
[1].
Gypsum soils can be improved through the physical and chemical changes made to them through organic fertilizers such as
compost, manure and biochar. Such an amendment raises organic matter in the soil making the structure of the soil and the
ability to penetrate the soil by roots better. Better aeration implies that roots are well supplied with oxygen (Figure.4), whereas
better watering enhances soil water supply during critical developmental stages. These factors are more relevant, especially
to the oil-bearing crops such as the sunflower and the rapeseed crops, which prefer a soil type that should be well drained
while at the same time possessing the ability to retain moisture [7].

Figure.4 Air penetration in healthy Soils

Organic fertilizers as they improve soil tilth, induce microbial activity that induces nutrient cycling. Microbes decompose
organic matter to release nutrient elements, including nitrogen, phosphorus, and potassium, that the plants readily absorb. The
slow release and steady supply of these nutrient elements reinforce the healthy growth of plants and make crops more tolerant
to the environment, such as drought or salinity. For example, improved microbial activity benefits legumes like soybeans that
fix nitrogen: they are an asset to the microorganism by improving the symbiotic relationship between them and nitrogen-
fixing bacteria [11].
Mineral fertilizers enhance the supplementation strategy by delivering required micro and macronutrients instantly and
directly. Nitrogen fertilizers enhance development of a large canopy of leaves necessary for photosynthesis and energy source
in oil crops crops. Phosphorus fertilizers enhance root growth and improve flowering as well as seed set leading to a desirable
level of oil quality and quantity. Potassium-bearing fertilizers build up plant immunities to various biotic and abiotic threats,
thus raising crop quality and production stability. In the gypsum soils, which are poor in nutrients inter alia, these organic and
inorganic mineral fertilizers are said to have a vital role to play for satisfying the nutrient requirement of a high yielding crops
[3].
The interactions between organic and mineral fertilisers show a multiplier impact, resulting in an increase in the productivity
of oil crops in the gypsum soils. Favourable soil conditions include conducive conditions for the penetration of roots deeper
into the soil for access to nutrients and water. This is especially advantageous to sunflowers as they develop a much striking
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root system which enables them to access deeper water sources when needed. That is why establishing a root system is
important; crops can then endure less water or any other stressful factors to continue yielding fruits [23].
In addition, increased viscosity and positively changed fertilization readiness optimise the health of oil crops, enhancing the
quality of the obtained yields. For instance, theconventional rapeseed when subjected to the right fertilizers procreates seeds
with more oil content, satisfying the market and, thereby, improving the farmers’ income levels. In the same way, the enhanced
soil conditions enhance qualitative and quantitative production of soybeans in terms of protein content and oil yield, which
boosts food production and its efficient systems.
Therefore, we can conclude that, the use of organic and mineral fertilizer improves the yields of the oil crops in the gypsum
soils. Adopting these practices enhance viability in order to enhance sustainable agriculture development and optimize the
gypsum potential for oil crop production in related lands. Rather than applying individual nutrients separately which maybe
had a negative impact on the soil, this integrated manner of fertilization not only enhance plant yield but also has beneficial
effects to the soil and the environment in the long run [7].
Conclusion

Poor structure, fertility, and water-holding make gypsum soils unsuitable for agriculture, although they have promise. This
study demonstrated that organic and mineral fertilisers offer a unique way to improve the physical, chemical, and bio-physical
aspects of gypsum soils to boost sunflower, rape seed, and soybean yields. Organic fertilisers, including compost, manure,
and charcoal, boosted soil nutrients. Aggregation from organic matter reduces density and increases space and water
permeability, improving soil structure. These additives promote microbial nutrient cycle and nitrogen, phosphate, and
potassium release. Organic fertilisers improve root penetration and soil water retention, encouraging plant development and
drought and salinity tolerance. Nutrient leaching is limited by slow organic manure solubility and root nourishment mineral
availability. Mineral fertilisers replace nutrients quickly and locally, improving organic manure. Nitrogen fertilisers increase
chlorophyll and photosynthetic tissue. Phosphorus fertilisers help roots and blossoming, whereas potassium fertilisers help
plants resist pests and illnesses. In low-nutrient gypsum soils, regulated mineral fertiliser use boosts crop yield and quality.
Due to synergy, organic and mineral fertilisers function better. This complete soil fertility management method supports
sustainable agriculture by improving soil structure and fertility. Double dirtying improves oil crop root systems to absorb
more water and nutrients from deep sources and endure water stress. They increase the oil content and quality of other
important crops like rapeseed and soybeans, which provide food and income.
This study recommends integrated fertilisation of gypsum soils to preserve soil chemical and physical qualities for long-term
sustainability and agricultural production without diminishing land yield. Green soil management for dry and semi-arid areas
offers several benefits: Biochar increases carbon sequestration and reduces soil salinity, reducing nutrient loss in Integral Soil
Management.
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