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Abstract  

Soil is the main resource of agricultural production systems. Sustainability of agricultural 

production depends on the preservation of soil quality and a production process compatible 

with the environment. It is evaluated that the management styles applied in organic farming 

practices have positive effects on the preservation of soil quality and the sustainability of 

agricultural productivity. In organic farming practices, plant nutrients are generally supplied 

from organic and inorganic natural resources, mineral fertilizers can be applied to a limited 

extent in case of difficulty in obtaining nutrients from natural resources, and some soil 

conditioners can be used in significant soil problems. The basic principle in fertilization 

practices is based on the supply of nutrients from soil minerals and clean organic sources 

recycled in the soil. In this context, organic farming practices can be successfully applied in 

fertile soils where the nutrient supply capacity is high and there are no significant problems in 

their original characteristics. On the other hand, it is considered that a number of improvements 

are necessary for organic farming practices in infertile areas due to the low nutrient supply 

capacity and limiting properties of the soil. 
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Introduction 
Organic farming practices, which are frequently on the agenda in recent years, were among the 

agricultural activities carried out in the absence of petroleum-based inorganic fertilizers and 

pesticides before the 1940s [1].   

In agricultural activities carried out on soils that are poor in terms of plant nutrients, the 

sustainability of production was provided by fallow, rotation and limited organic fertilizer 

inputs, and the crop yields were generally low. Although agricultural productivity was low 

under these conditions, agricultural lands had not yet been exposed to chemical fertilizers and 

pesticides, and the products produced were not contaminated. After the second half of the 

twentieth century, as a result of the advances in chemistry and seed gene technologies, the 

production and use of chemical fertilizers and synthetic pesticides increased, and a rapid 

agricultural production boom was experienced by the use of hybrid varieties and genetically 

modified agricultural products. 

The intense demand for food production in agriculture has increased the use of agricultural 

inputs such as fertilizers, pesticides, irrigation, and demand of hybrid and genetically modified 

seeds. However, the effects of these inputs and chemicals applied to the soil have deteriorated 

the balances in agricultural and other ecosystems in many parts of the world, the soils have 
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become unproductive, agricultural production costs have increased and the sustainability of 

agricultural production has decreased. In addition, soils, waters and agricultural products have  

been polluted by the applications of chemical fertilizers and pesticides, and there has been an 

increase in public health problems. 

The concept of organic agriculture is a production system developed to ensure the sustainability 

of agricultural production and healthy plant and animal production, and to prevent the 

deterioration of agricultural ecosystems as a result of excessive use of fertilizers and pesticides 

applied in the world after the second half of the 20th century.  Within the scope of this concept, 

it is foreseen not to use artificial chemicals and pesticides and genetically modified organisms 

in organic agricultural production. 

Soil quality plays a key role in the success of production in organic farming practices that are 

environmentally compatible and managed on the basis of sustainability. In this review, the 

relationships between organic farming practices and soil quality were evaluated. 

Concept of Organic Agriculture 

In the organic agriculture system, biological fertilizer inputs and management practices such 

as cover cultivation and crop rotation are used to improve soil quality and create humus in the 

soil. In organic farming practices, the ability of the soil to absorb water is improved and the 

effects of drought and flood are reduced by increasing the amount of organic matter in the soil.  

Increasing soil organic matter also helps it absorb and store carbon and other nutrients needed 

to grow healthy crops that can better resist insects and disease. [2].  

The limitations of organic agriculture in terms of the use of chemicals and soil fertility can be 

summarized as follows [3].  . 

-No synthetic fertilizers for 36 months prior to the certified organic crop’s harvest.  

-No synthetic pesticides (fungicides, insecticides, herbicides) for 36 months prior to the 

certified organic crop’s harvest.  

-Crop rotations, including a soil-building legume or small grain/legume mix following row 

crops, to break weed, insect, and disease cycles and maintain soil fertility.  

-No synthetic hormones or antibiotics for livestock may be used, and organic feeds and pastures 

must be fed.  

-Soil fertility in organic systems is maintained primarily through crop rotations and through 

applications of composted or raw manure. Seaweed, fish emulsion, or plant/animal-based 

products, such as alfalfaand feather-meal, can be applied as soil and foliar amendments in 

organic systems.  

Organic Agriculture and Soil Ecosystems 

Soil is a fundamental resource base for agricultural production systems. Besides being the main 

medium for crop growth, soil functions to sustain crop productivity, maintain environmental 

quality, and provide for plant, animal, and human health [4]. Organic production sites employ 

production practices with environmental benefits such as water management, minimal tillage, 

habitat maintenance for beneficial insects and vertebrates, and biological pest control. These 

ecological protective practices contribute to enhanced ecosystem services and benefit water 

quality, soil health and biodiversity [2]. 

Conventional farming typically uses minimal crop rotations, growing the same single crop year 

after year on the same land. This practice, known as monocropping causes the depletion of 

mineral nutrients and organic matter fastly in the soil. In order to continue growing crops in 

this nutrient depleted soil,  mineral nutrients must be added back in the form of hydrocarbon 

based fertilizers and mined minerals. Conventional farming is dependent on earth-based non-

renewable resources for plant nutrition. Monocultures and the resulting poor health open the 
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way for infestations of insects, diseases and weeds. Healthy bio-diverse soil keeps these  

infestations in check. The lack of biodiversity requires synthetic pesticides and herbicides to 

be used in large amounts, further destroying the natural soil biology.  

Using biological forms of fertilizer such as compost, animal manures, and legume cover crops, 

builds soil organic matter, even when routine tillage is used for weed control. Building soil 

organic matter increases soil water retention capacity and supports more active soil microbial 

communities that retain nitrogen in the soil longer and transform it into non-leachable gaseous 

forms.  

Organic biological fertilizer sources release their nutrients slowly over time, providing more 

opportunity for the nitrogen to be digested by soil organisms and taken up by crops before 

leaching below the root zone. Increased soil organic matter in the soil leads to tighter nutrient 

cycling and greater water holding capability in organically managed soils, with the result that 

nitrate leaching from groundwater is about half that of conventionally farmed soils. 

Soil Management and Soil Quality in Organic Systems  

Building and maintaining soil quality is the basis for successful organic farming [3]. The 

concept of soil quality which includes the inherent natural characteristics of the soils and the 

dynamic characteristics those vary depending on the use is an important indicator showing the 

reaction of the soil to natural or anthropological effects. Soil quality concept is mostly used for 

the purpose of crop production and nature conservation in agricultural ecosystems and land use 

areas such as forest and pasture [5]. The terms soil quality and soil health describe the soil’s 

ability to perform these critical functions. Soil quality or health is generally seen as the 

foundation of successful organic vegetable crop production systems. Sustaining and improving 

soil quality over the long term are frequently identified by organic farmers as their primary 

management goals [4]. 

Soil fertility is commonly defined in terms of the ability of a soil to supply nutrients to crops, 

and is fundamental in determining the productivity of all farming systems. Organic farming 

systems rely on the management of soil organic matter to enhance the chemical, biological, 

and physical properties of the soil, in order to optimize crop production. Soil management 

controls the supply of nutrients to crops, and subsequently to livestock and humans. 

Furthermore soil processes play a key role in suppressing weeds, pests and diseases [6].  

Throughout the history of organic agriculture, practitioners have emphasized healthy, living 

soil as the foundation of sustainable and successful farming, and have often assessed soil health 

in terms of soil organic matter (SOM) content [7].  Recommended practices included: 

- Return manure and crop residues to the soil.  

- Compost materials to stabilise nutrients and develop humus before applying to the soil.  

- Use organic mulches.  

- Grow and plow-down green manure crops.  

- Diversify the crop rotation.  

- Integrate crop and livestock production [7].   

Crop rotation is a system where different plants are grown in a recurring, defined sequence. A 

well-designed crop rotations is generally accepted as a key to the success of organic production 

systems. Crop rotations (required for all organic operations) are crucial for organic systems 

because the legume crops (e.g., alfalfa and red clover) provide nitrogen (N) and also help 

recycle nutrients, such as phosphorus (P) and potassium (K). Including crops with deep root 

systems in the rotation helps extract nutrients from lower soil depths and return them to the 

surface when the vegetation dies. Crop rotation can also help to minimize the spreading of 

weeds, pests and diseases [6].Crop residues can be an important source of nutrients to 
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subsequent crops. Macro and micronutrients removed from soil by crop production are returned 

to the soil by crop residues. The quantity and quality of crop residues will clearly influence the 

build up of soil organic matter and the subsequent availability and timing of release of nutrients 

to following crops [6].   Crop residues also provide the carbonaceous biomass upon which soil 

microfauna (e.g., earthworms and beetles) and microorganisms depend on for survival [3].   

Soil organic matter, created through decomposition and recycling of plant and animal residues, 

has many important roles in organic systems, including supplying the necessary elements for 

plant growth. The soil organic matter or carbon (C) inputs improve soil physical properties, 

such as aggregate stability, and provide food, habitat, and shelter for billions of soil organisms. 

Increased aggregate stability, improved soil structure, and surface protection provided by crop 

residues, manure or compost, and cover crops reduce soil erosion losses and increase water-

holding capacity and aeration. Maintaining soil organic matter content at levels that are 

consistent with the natural characteristics of the soil helps soil biological activity and the 

healthy microbial and macrofaunal populations that are required for efficient nutrient cycling. 

These populations include bacteria, fungi, actinomycetes, nematodes, and earthworms [6].    

Long-term organic management, including the use of cover crops and compost, results in a 

significant shift of the chemical and biological characteristics of the soil compared with the 

conventional management practice. Thus improving soil quality and suggesting that organic 

farming may provide a potential solution to achieve sustainable agricultural systems [8].    

Impact of Organic Farming on Soil Quality Parameters 

Positive effects of organic farming on soil physical properties such as soil structure, water 

holding capacity, soil aeration and soil temperature are well-reported [9]. Crop rotation is an 

important component under organic farming which directly and indirectly influences the 

physical structure of soil. The architectural form of different root systems of several crops 

included in the crop rotation also helps to modify the soil structure [10]. Organic farming adds 

more organic matter to the soil, which is the basic requirement for improving soil health. 

Presence of this organic matter in soil increases its moisture retention capacity. A combination 

of crop residue mulching and no-tillage increases soil fertility, crop production, and control 

soil erosion [11].   

Organic farming system has potential to maintain soil fertility and increase organic carbon in 

soil. Application of different organic inputs like manure, vermicompost, green manuring etc. 

ensures both the sustainability of soil organic carbon and supply of nutrients to the plants [12].   

Application of good quality manure to soil improves the total nitrogen and organic matter 

content in the soil, which is “an important substrate of cationic exchange and the warehouse of 

most of the available nitrogen, phosphorus, and sulphur; the main energy source for 

microorganisms; and is a key determinant of soil structure [13]. Organic acids and humus 

fraction of decomposing organic matter are more efficient in releasing phosphorus and 

reducing its fixation in soil [14].  

Soil biological properties are very important since soil quality is strongly influenced by the 

flora and fauna present in the soil. Soil micro-organisms are the living part of soil organic 

matter present in the soil [15]. The microbial biomass and microbial activities in soil are crucial 

to sustain the productivity of soil. For ensuring consistent release of nutrients to the plants, 

there is a need to have balanced ratio of microbial biomass and activity in soil [16].  The soil 

having high organic matter content ensures greater microbial activity and greater soil N 

supplying power than the soil having less organic matter (which is managed inorganically) 

[17].    
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It has also been well documented that the organically managed soil enriched with several 

beneficial microorganisms like arbuscular mycorrizal fungi for ensuring improved crop 

nutrition and decreasing soilborne diseases [18].   As organic farming increases the microbial 

activity, leads to increased competition, parasitism and predation in the rhizosphere, it 

collectively reduces the chances of plant disease infestation [19].     

Soil fertility and Plant Nutrition in Organic Agriculture 

The aims in organic agriculture is to protect the health of the soil and to ensure its productivity. 

For this purpose, in addition to many applications such as crop rotation, cover crops, mulching, 

appropriate soil cultivation, the use of some fertilizers and soil conditioners is allowed in cases 

where nutrients are not sufficient for plant demand. The aim here is to maintain soil fertility 

and to provide adequate nutrition for plants. The key, however, is that the material is naturally 

based, and that no prohibited substances, such as hexane, are used in the processing or 

collection of the materials [3]. The following examples can be given to plant nutrition materials 

and soil conditioners used in organic agriculture [20].      

-Organic Substances Produced on the Farm (Farm manure, farm liquid wastes, plant residues, 

green manure, compost, etc.), 

-Other Organic Substances (Cultural mushroom production residues, bark, sawdust, tree ash, 

seaweeds and their products, poultry manure, peat, compost made from organic urban wastes, 

etc.), 

-Animal Origin Products and By-Products (Blood bone-fish-nail-horn-meat flours, dairy 

products, etc.), 

-Minerals and Rocks (Leonardite, humic acid extract, gypsum, rock phosphate, apatite, 

dolomite, tuff, elemental sulfur, ferrous sulfate, perlite, clinoptilolite, sodium chloride etc.), 

-Microbial Fertilizers (Rhizobium bacteria, azoto bacteria, mycorrhizae etc.). 

Optimum plant nutrition management in an agricultural system is necessary to ensure product 

efficiency and sustainability. There are significant differences between conventional and 

organic production systems in terms of plant nutrient consumption budgets. Nitrogen increases 

are generally observed in the fertilization and nutrient balance of conventional agricultural 

systems.  But N increases in organic farming systems are generally less common than 

conventional farming engaged in intensive farming. Phosphorus budget in organic farming 

often shows small deficiencies. Except for soils with low P sorption capacity and available 

content, these deficiencies arise with a decrease in the available P content in the soil. In order 

to eliminate P deficiency in organic production, it is recommended to re-establish these 

reserves with early applications of low-resolution P material before the production season. In 

organic farms, significant deficiencies in the budget of K nutrients in the soil are rarely seen. 

Except for sandy soils with low K content and soils with high K fixation capacity, exchangeable 

K concentrations remain relatively stable in organic farming soils. 

Due to the relatively lower crop productivity in the organic farming system, the amount of 

nutrients removed by the product is lower than in the traditional system, but significant amounts 

of nutrients are removed from the soil. In order to maintain soil fertility in the long term, these 

elements must be given to the soil in sufficient and appropriate proportions. The plant nutrient 

levels required by the product grown in fertigation are met with water-soluble fertilizer 

applications in the short term. In the fertilization applications made in organic agriculture, the 

sources of nutrients are provided from organic and inorganic materials that can be dissolved in 

the long term and slowly. In organic farming systems, nitrogen is usually supplied by legumes 

grown in rotation and performing symbiotic nitrogen fixation. In the absence of a significant 

soil problem,  deficient nutrients are mostly replaced by the dissolution of soil minerals              
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by precipitation and irrigation waters. However, the use of soil conditioners may be necessary 

since it will not be enough to meet the plant need in a short time of all the nutrients removed 

from the soil with all these inputs [21].      

Fertilizer Sources Commonly Used in Organic Agriculture 

In organic farming practices, it is seen that plant nutrients are generally supplied from organic 

and inorganic natural sources, mineral fertilizers can be applied to a limited extent in case of 

difficulty in obtaining nutrients from natural sources, and some regulators can be used in 

significant soil problems. The basic principle in plant nutrition is based on the supply of 

nutrients from soil minerals and clean organic sources recycled in the soil.  

Nitrogen fertilizers are not allowed to used directly in the organic farming system, instead 

manure, compost and products with high organic nitrogen content such as fishmeal and various 

plant extracts are used in small amounts in some horticultural crops. In the natural system, 

plants benefit from the mineralization of the nitrogen contained in the organic matter in the soil 

through microbial ammonification and nitrification reactions. Another way to add nitrogen to 

the soil is through free and symbiotic living microorganisms in the soil. In this regard, it is 

known that the optimal nitrogen contribution to the soil is made by Rhizobium bacteria. In 

organic farming systems, nitrogen is usually supplied by legumes grown in rotation and 

performing symbiotic nitrogen fixation [22].  

The main source of phosphorus in the soil is the phosphorus rocks and minerals in the soil. 

About half of the phosphorus in the soil is found in organic form. Organic phosphorus can be 

added to the soil with animal manures and green manures, but it is often not enough to meet 

the phosphorus removed from the soil with the product. Organic farming rules allow the use of 

inorganic phosphorus fertilizers on a limited basis. Therefore, maintaining the phosphorus 

balance in the soil is an important problem. Phosphorus dissolved in the soil by precipitation 

is below 1 kg/P/ha/year per year. The characteristic of phosphate fertilizers used in organic 

agriculture is low solubility. The most commonly used phosphorus fertilizers are crude 

phosphate or aluminum calcium phosphate in calcareous soils (pH>7.5). Ground raw 

phosphate rock is also used in organic farming. However, the limited solubility and the low 

rate of release make it impossible for products to be directly met when plants need high 

phosphorus [23].  

There is no accepted fertilizer for potassium that can be used in routine use in organic 

agriculture. Permissible sources of potassium nutrient are potassium rocks with low solubility 

and low chlorine content (such as lagbenite, Adularian rock potassium), wood ash and sugar 

beet extracts. Compared to fertilizers used in conventional agriculture, very little potassium is 

obtained from ground rock. Generally, 1 ton/ha of rock is recommended to provide 20 kg/ha 

of potassium. The availability of potassium in ground rock increases with manure and compost 

products with liquid extracts added to the soil. However, if there is a visible potassium 

deficiency in plants, organic standards are less restrictive. If the soil potassium index is below 

2 and the soil clay content is less than 20%, the Soil Association allows the use of water-soluble 

potassium forms such as potassium sulfate or the soluble potassium mineral (silvinite). The use 

of commercial KCl is not allowed as Cl ions will have a negative effect on soil organisms due 

to their osmotic effect [23].  

Organic standards allow the use of liming materials such as ground limestone, chalk and shells 

of aquatic animals as sources of calcium. In acid soils, besides the supply of Ca element by 

liming, a positive effect is made on soil acidity. The size of the liming material is important, 

and powdered lime is generally the most used. The solubility of the material used is also 

effective on chemical activity, and calcium oxide has more solubility than calcium 
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carbonate[23]. However, the necessity of liming material should be determined according to 

soil analysis. Foliar sprays of calcium chloride are recommended for the treatment calcium 

deficiency or blossom-end rot physiological disorder. 

 
Table. Some nutrient sources and soil conditioners used in plant nutrition in organic agriculture [1, 24, 25]. 

Soil acidity - Aragonite  

- Dolomitic limestone 

Boron (B) - Boron (% 10) 
- Boron (%14,3) 

Calcium (Ca) - Gypsum (for alkaline soils)  

- Limestone -Rock phosphate  

- Dolomitic limestone (for acid soils) 

Copper - Copper sulfate 

Iron (Fe) - Iron chelate (10%)  

- Iron sulfate 

Magnesium (Mg) - Epsom salt (MgSO4, for alkaline soils)  

- Dolomitic limestone (for acid soils) 

Manganese (Mn) - Manganese sulfate 

Molibdenum (Mo) - Dolomitic limestone (for acid soils) 

 

Nitrogen (N) - Green manures 

- Industrial food, crop and animal wates (composted) 

- Recyclable waste products (composted) 

- Blood meal  

- Cotton seed meal  

- Corn starch meal (10 %, N), etc. 

Phosphorus (P) - Regulation of pH  
- Bone meal (row/ steamed) 

- Fishmeal 

- Phosphate rock (ground) 

- Guano, etc. 

Potassium (K) - Seaweed 

- Granite flour  

- Wood ash 

- Potassium sulfate (52 % K2O) 

Zinc (Zn) - Zinc sulfate 

- Zinc chelate 

Sulphur (S) - Phosphate rock (ground) 

- Gypsum  

- Elemental sulfur 

  

Conclusion 
The protection of soil fertility and soil quality is considered as the basic requirement to achieve 

the targeted production in sustainable agriculture. Organic farming systems, accepted as 

integrated complex biological systems, could be a good alternative for the sustainable use of 

soils and the production of healthy agricultural products. Management technics applied in 

organic farming practices have positive effects on the preservation of soil quality and the 

sustainability of productivity. Since organic farming practices affect more than one component 

of the soil system simultaneously, they have the potential to protect soil quality and soil fertility  

with their direct and indirect effects on soil properties. However, although organic farming 

practices can be successfully applied in fertile soils where the nutrient supply capacity is high  

and there are no significant problems in their original soil characteristics, a number of 

improvements are necessary for organic farming practices in infertile soil conditions. 
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