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РОДЮЧІСТЬ ҐРУНТІВ В ОРГАНІЧНІЙ СИСТЕМІ 

У статті обговорюються різні підходи до управління і підтримки 
родючості ґрунту для органічного виробництва продукції рослинництва. 
Підвищений інтерес до органічної продукції рослинництва був викликаний 
як споживчим попитом, так і бажанням підтримувати ґрунтові ресурси. 
Одна з основних цілей органічного землеробства – отримання врожаю з 
мінімальним використанням синтетичних матеріалів. Головною 
концепцією цього підходу – є збереження природних ресурсів, спираючись 
на біологічні процеси в ґрунтовій системі, щоб переробити і випустити 
поживні речовини, а не вносити велику кількість мінеральних добрив. 
Акцент робиться на круговорот поживних речовин у грунті, фракцій 
органічної речовини, і підвищенню біологічних процесів, щоб поживні 
речовини з цієї фракції стали доступними коріння рослин.  

Ключові слова: родючість, грунт, фрукти, азот, фосфор, сірка, 
органічний. 
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ПЛОДОРОДИЯ ПОЧВЫ В ОРГАНИЧЕСКОЙ СИСТЕМЕ 

В статье обсуждаются различные подходы к управлению и 
поддержанию плодородия почвы для органического производства 
продукции растениеводства. Повышенный интерес к органической 
продукции растениеводства был вызван как потребительским спросом, 
так и желанием поддерживать почвенные ресурсы. Одна из основных 
целей органического земледелия – получение урожая с минимальным 
использованием синтетических материалов. Главной концепцией этого 
подхода – есть сохранение природных ресурсов, опираясь на биологические 
процессы в почвенной системе, чтобы переработать и выпустить 
питательные вещества, а не вносить большое количество минеральных 
удобрений. Акцент делается на круговорот питательных веществ в почве, 
фракций органического вещества, и повышению биологических процессов, 
чтобы питательные вещества из этой фракции стали доступными 
корням растений.  

Ключевые слова: плодородие, почва, фрукты, азот, фосфор, сера, 
органический.  
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SOIL FERTILITY IN ORGANIC SYSTEM 

Abstract. Increased interest in organic crop production has been 
prompted by both consumer demand and the desire to sustain or improve the soil 
resource. One of the many fundamental goals of organic farming is to produce a 
crop with minimal synthetic inputs. The main concept behind this approach is to 
conserve natural resources by relying more on biological processes within the 
soil system to recycle and release nutrients rather than provide high amounts of 
soluble nutrients from manufactured fertilizers. The emphasis is on nutrient 
cycling within the soil organic matter fraction and enhancement of biological 
processes to make nutrients within this fraction available to plant roots. The 
focus of this discussion is to provide information on various approaches to 
managing and maintaining soil fertility for organic crop production. 

Keywords: fertility, soil, fruits, nitrogen, phosphorus, sulfur, organic.  
 

When any crop is sold, nutrients are lost from the farm. While many soils can 

supply nutrients for crop growth without fertilizer additions for many years, eventually 

the productivity of the farm will decrease unless the nutrients are replaced. A major 

challenge of managing soil fertility for organic food production is to integrate the input 

of nutrients from acceptable sources with the use of proper crop rotation. For animal 

farming operations, this task is fairly straightforward. Farmers will grow and purchase 

feed for their operation, provide this feed to their animals, collect/compost the manure 

from the animals, and then apply the manure to appropriate crops. Legumes in 

association with nitrogen (N) fixing bacteria are used in the rotation to biologically fix 

N from the atmosphere. These legumes can be used as feed for ruminant animals or as 

green manure. Deep-rooted legumes also can cycle nutrients from the subsoil to the soil 

surface. Grasses can also be used as forage and green manure crops to add organic 

matter and cycle nutrients from lower soil depths. Additional green manure crops 

include small grains like winter rye, sorghum-sudan grass, and buckwheat. 

If livestock are not raised on a farm, nutrients from manure or other organic 

amendments / fertilizers need to be obtained externally. These organic fertilizers usually 

have a higher cost per unit of nutrient than synthetic fertilizer sources, which in turn 

will necessitate obtaining a higher price for the crop unless costs can be cut from other 

sectors of the operation. Legumes and other green manure crops can still be grown, 

although it may be more difficult to find room in the rotation if you do not have animals 

to feed. Forages can be grown as cash crops, but when sold off the farm large amounts 

of nutrients are exported and must be replaced. Organic crop producers must be creative 

in finding opportunities in their rotations to grow soil-building legumes and other green 

manure/cover crops. They need to carefully evaluate the cost of purchasing organic 

nutrient sources vs. the lost income from growing a non-cash crop. 

Nutrient forms taken up by plants. Before discussing how to manage soil 

fertility using organic techniques, a simple review of the forms of nutrients that plant 
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roots absorb may be useful. The majority of nutrients must be dissolved in the soil 

solution before plant roots can take them up. If a fertilizer is applied to the soil, it must 

first be broken down to its simplest inorganic forms to be efficiently used by plants. 

Plant roots can absorb some larger organic molecules, but their rate of absorption is 

slow. From a plant root perspective, it makes little difference if the nutrient originally 

came from an organic or inorganic fertilizer. 

Characteristics of organic fertilizers and soil amendments. For a 

fertilizer/amendment to be considered acceptable for organic crop production, certain 

requirements must be met. From a strict chemical sense, organic means any substance 

containing carbon. Organic farming, however, does not rigidly adhere to this definition. 

Some carbon containing fertilizers such as synthetic urea are not acceptable for organic 

production. Similarly, some materials that are considered to be inorganic (no carbon) 

such as rock phosphate are acceptable. In general, fertilizers or amendments for organic 

production must come from natural carbon containing, non-synthetic materials (e.g. 

manure) or non-synthetic inorganic materials that have not been chemically processed 

(e.g. limestone, rock phosphate). National standards for organic crop production have 

recently been adopted. 

Fertilizers acceptable for organic production usually have a low nutrient analysis 

and are made up of larger, insoluble molecules that take time to be broken down into 

forms useable by the plant. The composition of fertilizers acceptable for producing 

organically grown crops varies considerably with moisture content and production 

practices. A chemical analysis of the organic fertilizer or amendment is necessary to 

determine precise application rates. Any fertilizer sold commercially (organic or 

inorganic) must, by law, have the N-P2O5-K2O (nitrogen-phosphate-potash) analysis on 

the bag. Table 1 provides the approximate nutrient composition of some commonly 

used organic fertilizers and soil amendments. 

Because of their low nutrient analysis, fertilizers used for organic production need 

to be applied in larger quantities than conventional fertilizers to obtain the same nutrient 

value. In addition, fertilizers for organic production are only slowly available to the 

plant. The reason for using these types of fertilizers is that they do not drastically alter 

soil chemical properties over the short term and that they promote a buildup of organic 

matter, thereby improving soil physical properties. They usually have a low salt index 

and, therefore, larger amounts can be applied at one time without causing injury to plant 

roots. For organic N sources, a single application can be made without having to be 

concerned about losing most of the N to leaching in a large rainfall event. It is important 

to point out, however, that excessive applications and misuse of fertilizers suitable for 

organic production can still cause environmental problems, such as nitrate leaching and 

phosphate enrichment of surface water. Soil testing, therefore, plays an important role in 

organic crop production, just as it does in conventional production. 

pH management. The optimum pH for the growth of most crops is about 6 to 7. 

Soil pH affects both nutrient availability and microbial activity. At pH levels less than 

5.5, availability of N, P, K, calcium (Ca), magnesium (Mg), sulfur (S), and 

molybdenum (Mo) is reduced. In addition, pH levels less than 5.5 reduce the activity of 

important microbial decomposers, which will greatly depress the biological conversion 

of organic material to useable nutrients for plant growth. N fixation by legumes is also 
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reduced in these lower pH soils. Over time, soils will tend to become acid with manure 

applications. Therefore, it is important to monitor pH and apply agricultural limestone 

according to soil test recommendations if the pH falls below 6.0. Wood ash can also be 

used to raise pH in an organic system. Wood ash also supplies K, but do not apply it as 

a K source if the pH is already high. Soils with a pH between 7 and 8.3 are in a range 

that will promote microbial activity, but may limit P, iron (Fe), manganese (Mn), copper 

(Cu), and zinc (Zn) availability. Use of organic matter amendments and organic foliar 

products will help increase availability of these nutrients under alkaline conditions. 
Table 1. Approximate nutrient composition of various organic fertilizers and soil 

amendments. 

 N P2O5 K2O 

 ----------------------------% (dry weight basis)------------------------ 

Dairy manure 2.1 3.2 3.0 

Beef manure 1.2 2.0 2.1 

Poultry manure 2.0 5.0 2.0 

Composted yard waste 1.3 0.4 0.4 

Animal tankage (dry) 7.0 10.2 1.5 

Alfalfa hay 2.5 0.5 2.5 

Blood meal 13.0 2.0 1.0 

Fish meal 10.0 6.0 0 

Kelp/seaweed 1.5 1.0 4.9 

Soybean meal 7.0 1.2 2.0 

Bone meal (raw) 3.0 22.0 0 

Bone meal (steamed) 1.0 15.0 0 

Cottonseed meal 6.0 3.0 1.5 

Wood ashes 0 2.0 6.0 

Rock phosphate (total P2O5) 0 20-32 0 

Colloidal phosphate (total P2O5) 0 25 0 

Greenstand (total P2O5 and K2O) 0 1.3 4-9.5 

Granite dust (total P2O5 and K2O) 0 0 22 

Potassium sulfate 0 0 50 

For acid loving plants such as blueberries, acidifying amendments are often 

required to reduce soil pH to the range of about 4.5 to 5.2. Elemental S is a suitable 

acidifying soil amendment for organic systems, as long as the naturally mined mineral 

has not been chemically altered. Acid sphagnum peat is an organic amendment that can 

also be used to modify the soil and lower pH, although there is some concern about the 

sustainability of the widespread use of sphagnum peat. In situations where peat is added 

to soil to improve soil tilt and water-holding capacity, you should be aware of its 

acidifying effect and monitor pH to keep it in the desirable range for the plants you are 

growing. 

Nitrogen management. Of all the essential nutrients, N is the one that is usually 

most limiting for non-legume crop production and N is often the most difficult nutrient 

to manage in an organic system. The most common source of  N for organic crop 

production is manure. Many different types of manure are available. The nutrient 

content of these manures will vary with the animal, bedding, storage, and handling. 

Although tables are available that have general analyses of manure nutrient content, the 

recommended method for determining how much manure to apply is to have it tested 
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for nutrient content. Composted manure is the preferred manure source for organic 

production. Some restrictions apply to use of non-composted manure for organic 

certification.  

Fresh vs. composted manure. Fresh, non-composted manure will generally have 

a higher N content than composted manure. However, the use of composted manure will 

contribute more to the organic matter content of the soil. Fresh manure is high in 

soluble forms of N, which can lead to salt build-up and leaching losses if over applied. 

Fresh manure may contain high amounts of viable weed seeds, which can lead to weed 

problems. In addition, various pathogens such as E. coli may be present in fresh manure 

and can cause illness to individuals eating fresh produce unless proper precautions are 

taken. 

The National Organic Standards Final Rule states that "Raw animal manure must 

either be composted, applied to land used for a crop not intended for human 

consumption, or incorporated into the soil at least 90 days before harvesting an edible 

product that does not come into contact with the soil or soil particles and at least 120 

days before harvesting an edible product that does come into contact with the soil or soil 

particles. Composted plant or animal materials must be produced through a process that 

establishes an initial carbon-to-nitrogen (C:N) ratio of between 25:1 and 40:1 and 

achieves a temperature between 131°F and 170°F. Composting operations that utilize an 

in-vessel or static aerated pile system must maintain a temperature within that range for 

a minimum of 3 days. Composting operations that utilize a windrow composting system 

must maintain a temperature within that range for a minimum of 15 days, during which 

time the materials must be turned 5 times." All manure and compost sources and 

management techniques must be clearly documented as part of the certification process. 

Heat generated during the composting process will kill most weed seeds and 

pathogens. The microbially mediated composting process will lower the amount of 

soluble N forms by stabilizing the N in larger organic, humus-like compounds. A 

disadvantage of composting is that some of the ammonia-N will be lost as a gas. 

Compost alone also may not be able to supply adequate available nutrients, particularly 

N, during rapid growth phases of crops with high nutrient demands. The decision on 

what form of manure to use will ultimately depend on certification requirements, 

availability, and cost. Composted manure is usually more expensive than fresh or 

partially aged manure. 

Heat-dried manure/compost. Drying manure or compost to low moisture 

content reduces their volume and weight, which lowers transportation costs, but it also 

requires energy inputs. Dried products can be easier to handle and apply uniformly to 

fields, especially those that have been processed into pellets. Heat drying also reduces 

pathogens if temperatures exceed 150 to 175°F for at least one hour and water content is 

reduced to 10 to 12% or less. The significant energy costs to heat-dry manure or 

compost at high temperatures are in contrast to the self-heating generated by microbial 

respiration during the composting process. Heat-dried composts vary widely in the 

degree to which they are composted before drying. Many are only partially composted 

and have higher amounts of soluble (inorganic) N forms than mature, stable compost. 

This readily available N gives these products some characteristics that are similar to 

soluble N fertilizers, such as ammonium nitrate. Heat drying of manure and immature 
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compost may increase volatilization of ammonia-N and reduce the total N content of the 

finished product. In addition, composted or partially composted material that is dried at 

high temperature rather than going through a curing phase at ambient temperatures is 

not as biologically active as mature compost. The disease suppressive properties of 

some composts depends upon recolonization of the compost by disease suppressing 

organisms during the curing phase. Before using a heat-dried manure/compost product, 

check to make sure it is certified for organic crop production. 

N availability from manure and compost. Bedding or litter will usually 

decrease the nutrient content of manure by dilution. If materials high in carbon (C) like 

straw or wood shavings are used as bedding, N availability may be reduced by the 

larger C/N ratio of the product. High C relative to N will lead to a tie-up of N, 

potentially causing N deficiency in the crop. A C/N ratio of 25/1 or greater will lead to 

N tie-up in the soil. A C/N ratio of less than 25/1 will release N to the crop. The C/N 

ratio is also an important consideration in the use of various composts, as well as a 

controlling factor in the composting process itself. 

The N in manure or compost will not all be available to the crop the first year. In 

non-composted manure, some of the N will be lost to the atmosphere during application 

in the form of ammonia gas. Manure applied to land should be incorporated as soon as 

possible after application to avoid ammonia losses. Because the N is stabilized in 

organic compounds, atmospheric losses of ammonia are not as critical in compost 

applications, although incorporation is highly recommended. N in the organic form will 

need to be broken down by microorganisms before plants can use it. The release of N 

from manure or compost will depend on the type and age of the manure. Anywhere 

from 5 to 90 percent of the organic N can be released to useable forms the first year. For 

dairy manure, 40 to 60 percent of the N is generally considered to be available the first 

year, and 30 to 40 percent of the N is available the second and third years. For poultry 

manure 50 to 75 percent of the N is available the first year and 20 to 25 percent is 

available the second and third years. For composted dairy manure, 5 to 20 percent of the 

N is available the first year. 

The residual effects of manure and compost are important. Some benefit will be 

obtained in the second and third year following application. When manure and compost 

are used to fertilize crops, soil organic matter will increase over time and subsequent 

rates of application can generally be reduced because of increased nutrient cycling. 

Continuous use of manure or compost can lead to high levels of residual N and other 

nutrients, which can potentially runoff or pollute the groundwater. Taking into account 

residual release of N in subsequent years should help to avoid excessive applications. 

Remember that some manure and composts contain high levels of P, so if they are 

regularly applied to meet crop N demands, soil levels of P can build up to excessively 

high amounts. Use of soil and tissue tests, and monitoring of crop growth, will help in 

determining the amount of residual N, P, and other nutrients in the soil and the need for 

further applications. 

Green manures/cover crops. Crops that are incorporated into the soil while still 

green are referred to as green manures. Cover crops are similar to green manures, but 

are usually grown to protect soil from erosion during the non-growing season. Because 

topsoil is higher in organic matter and nutrient content than subsoil, controlling erosion 
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is an important method of conserving soil nutrients. Green manures and cover crops are 

both used to supply N and increase soil organic matter. Legumes such as clover and 

alfalfa can fix between 100 and 200 lbs of N per acre in one year. The use of grasses 

such as rye or oats without a legume will not increase the N content of the soil. These 

crops are used for increasing soil organic matter content. They can also scavenge 

residual N from the previous crop and keep it from being lost by leaching. A mixture of 

both grasses and legumes can be used to obtain the advantages of each. Improved soil 

tilt from added organic matter improves root growth, which increases the capacity of a 

crop to take up available soil nutrients. The decision to plant a green manure should 

take into account the cost of cultural practices (planting, cultivation) and seed, as well as 

the lost opportunity cost if the green manure is grown instead of a cash crop. 

Some green manure crops accumulate high levels of P and are thought to increase 

P availability to subsequent crops by returning it to the soil in organic form. For 

example, buckwheat and oilseed radish may solubilize P from relatively insoluble 

minerals like rock phosphate through the action of organic acids secreted by their roots. 

The benefit of these P accumulating crops will depend on the following crop and to 

what extent recycling of organic P increases P availability to them compared to 

inorganic soil P. There is little research information on P response of different crops 

following green manures like buckwheat and oilseed radish. 

Other sources of N. Sources of N for organic production other than manures and 

composts include: blood meal, fish emulsion, fish protein, kelp/seaweed, animal 

tankage, and various vegetable meals. See Table 1 for the approximate nutrient content 

(N-P2O5-K2O) of some of these organic nutrient sources. These materials are usually 

more expensive than manure or compost and much more expensive than synthetic 

fertilizers when compared solely on their cost per unit of nutrient. Blood meal is a fast 

release source of N. Fish emulsion and seaweed can be used as a foliar fertilizer 

supplements. The low nutrient analysis and high cost of these products usually 

precludes them from being a primary fertilizer source. Their cost is about 5 to 6 times 

more expensive (per unit of N) than a conventional inorganic source like urea-

ammonium nitrate (28-32% N). 

Municipal yard waste and vegetable/plant wastes from grocery stores, vegetable 

processing plants, and restaurants are other sources of organic material that can be 

recycled and used for crop production. In most situations these wastes should be 

composted before use to reduce odors, stabilize the nutrients, and facilitate ease of 

spreading. Sewage sludge is an organic fertilizer that can supply N and other nutrients, 

but sewage sludge is not acceptable for organic production. 

Phosphorus and potassium. The majority (70-90 percent) of P and K in manure 

will be available to the crop the first year of application. The P and K content of manure 

will vary with type of manure and storage. Poor storage of manure or compost will lead 

to losses of K through leaching. Have the product tested for P and K content before 

application. P sources other than manure for organic production include: bone meal, fish 

and poultry meal, and rock phosphate. K sources other than manure for organic 

production include: alfalfa meal, kelp meal, greensand, wood ash, langbeinite (sul-po-

mag) and potassium sulfate. See Table 1 for the approximate nutrient content of some of 

these organically approved nutrient sources. Both P and K are relatively immobile in the 
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soil, so incorporation of P and K fertilizers/amendments to a depth of 6 to 8 inches into 

the soil before planting is essential to place them in the plant root zone and obtain 

maximum benefits. 

Secondary and micronutrients. Secondary (Ca, Mg, S) and micronutrient (Fe, 

Mn, copper, Zn, B, and Mo) needs will be satisfied in most situations through manure, 

compost, and liming amendments. A major advantage of organic nutrient sources is that 

they usually contain at least a small amount of all the essential plant nutrients. 

Deficiencies of some secondary and micronutrients may occur on susceptible crops 

under certain soil conditions conducive to deficiencies. Use soil tests and foliar tissue 

analysis to determine whether supplemental applications of these nutrients are needed. 

Result. Practical soil fertility management for organic crop production starts with 

obtaining a soil test. Amendments added should be based on the soil test results and the 

requirements of the crop being grown. The nutrient content (at least the major nutrients 

NPK ) of the organic fertilizer or amendment should be known before application. 

Composted animal manures are the preferred source of organic fertilizer; however, 

unless an animal operation is nearby or is included on the farm, the expense of these 

amendments will be much greater than conventional fertilizer sources. These increased 

costs have to be evaluated by also considering the long-term improvement in soil tilt 

and biological activity, potential environmental benefits, and the potential for higher 

returns from organic products. 
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