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Soil Fertility in Organic Farming Systems: Much More than Plant
Nutrition
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In organic farming systems, soil fertility means more than just providing plants with macro- and
micronutrients. Effective fertility management considers plants, soil organic matter (SOM), and
soil biology. Ideally, organic farming systems are designed to enhance soil fertility to achieve
multiple goals. Important goals include: the protection and, if possible, improvement of soil
physical condition so that the soil supports healthy plants and soil-dwelling organisms and has
the ability to resist and recover from stresses like flooding or aggressive tillage; the maintenance
of soil buffering capacity to minimize environmental degradation caused by soil loss or soils'
failure to filter nutrients or degrade harmful compounds; and increased water and nutrient use
efficiency by increasing biological fixation and retention of needed nutrients while reducing their
loss from the system to the extent possible. Organic farming systems are designed with the aim
of maintaining nutrients in organic reservoirs or in bioavailable mineral forms instead of just
supplying nutrients through frequent fertilizer additions. This is achieved by cycling nutrients
through organic reservoirs. Soil fertility is improved by organic matter management and not
through input substitution. The remainder of this article explains why.
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During transition one accumulates nutrient stocks held in and
supplied from an organic matter reservoir

The intention of organic systems is to manage the full range of soil organic and inorganic
nutrient reservoirs and prevent unwanted loss by retaining them in forms that can be accessed by
crops through biological leveraging. One objective during transition is to enhance symbiotic
associations between plants and their microbial partners, organic reserves, and the physical
environment. For more on the role that microbes play in N cycling see Soil Microbial Nitrogen
Cycling for Organic Farms.

This holistic view is the basis for the soil fertility management practices used in organic
agriculture. There are four soil fertility management practices typically used in organic cropping
systems that determine the cycling and availability of nutrients in the soil:
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use of organic residues as soil amendments or sparingly soluble minerals;

. use biological N-fixation as the major N source;

3. use of a rotation that includes active plant growth (cover crops, intercrops etc.) as much
as possible and that minimizes bare fallow

4. plant species are diversified in space and time to fulfill a variety of functions (minimize

weeds and pests, support below-ground processes, erosion control, N fixation, build SOM

etc.).
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Organic fertility is not a matter of input substitution

Organic farming systems cannot rely on use of soluble, inorganic nutrient sources. Conventional
fertilizer management guidelines hinge upon assessments of plant-available N and P combined
with empirical fertilizer addition studies that are able to provide estimates of the amount of
fertilizer required to achieve yield goals. Although many organic producers do use soil testing to
assess soil nutrient levels, they report that while these tests often indicate that plant-available N
or P may be limiting, their yields do not reflect these soil test results. There are several reasons to
expect that organic production systems require their own suite of management tools. First,
organic soil amendments vary in quantity and quality. Second, the condition of the soil resource
plays a large role because it supplies and recycles added nutrients. Results can vary greatly after
organic materials are added for a variety of reasons, some of which, can be managed. Current
research on organic fertility management is looking closely into avenues for soil testing and
management of amendments and soil biology to optimize fertility by taking into account the
synergisms that occur in biologically active soils.

Changing the nature of the nitrogen cycle

Figure 2. The figures above depict changes in N
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Avoiding problems of nutrient over-addition with biology

Loss of nutrients applied to agricultural soils causes environmental harm. Off-site problems
caused by over-application of nutrients are better recognized than are problems caused on-site.
Conventional agriculture is cited as the primary source of non-point source and P pollution that
contributes to myriad environmental and health risks. Problems of over-application in organic
systems vary; probably P over-additions are most widespread where manure is readily
accessible. This is because the ratio of P to N in manure exceeds that required by the plant.

Over-addition of N, particularly in readily available forms, is a common problem in agriculture.

Over-addition in organic systems can occur in situations where leaching is restricted (e.g. in
greenhouses) or after N rich cover crops or manures are applied. The notion that N surplus
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promotes microbial activity that contributes to nitrate leaching and nitrous oxide emissions, two
important environmental problems, which works against organic matter storage, is finally being
recognized by main stream scientists.

Excess nutrients can also increase plant susceptibility to pathogens and arthropod pests and can
also lead to increased weed competition. For current research results see the video presentation
by Larry Phalen on Biological Buffering. Tendencies toward nutrient leaching and the ability to
hold and retain nutrients vary with soil types and climate. Soil texture and CEC are related to
this, with nutrient storage capacity increasing with soil clay and silt contents and cation exchange
capacities.

These problems and those associated with herbicide and insecticide application can be avoided
by managing soils biological activity to enhance:

Reliance on N-fixation as a source of N,

Mycorrhizal associations,

Plant-induced liberation of nutrients,

General suppression of soil borne disease, and

Decay of weed seed and inhibition of weed seed germination.
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There is growing acceptance that maintenance of high levels of available nutrients works against
these processes and accelerates organic matter decay. In addition, nutrient excess or imbalance
can compromise plant and animal health. Excess tillage can have a similarly undesirable effect
on soils and soil organisms. Of course tillage is an important tool for fertility management.
Perennial sods are mechanically killed, cover crops are plowed in, and manures are incorporated.
The figure below shows how tillage has been argued to alter the soil food web (Fig. 3). Heavy
reliance on tillage in organic farming systems can only be maintained without harm in systems
that include adequate plant cover and where tillage is timed to avoid compaction and erosion.
Soil texture, slope, and climate all influence the degree to which tillage can or can not be safely
tolerated.

Conventional Tillage Conservation Tillage

Figure 3. The increased soil stratification and size and
activity of soil organism populations under
conservation tillage compared to conventional tillage
lead to increased nutrient retention. Figure credit: Ed
Zaborski, University of Illinois. Adapted from House
and Parmelee (1985).

This is why organic strategies for fertility management focus as much or more on crop rotation
and tillage practices than they do on nutrient dense soil amendments. The contributions of
carbon-rich amendments and roots to soil fertility are recognized within organic systems.

OGRAIN activity is supported by the USDA Beginning Farmer and Rancher Development Program





