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What is Organic Matter?

Soil organic matter consists of a variety of components. These include, in varying
proportions and many Intermediate stages:

e raw plant residues and microorganisms
(1 to 10 per cent)

e "active" organic traction (10 to 40 per cent)

e resistant or stable organic matter (40 to 60 per cent) also referred to as
humus.

Raw plant residues, on the surface, help reduce surface wind speed and water
runoff. Removal, incorporation or burning of residues predisposes the soil to serious
erosion.

The "active" and some of the resistant soil organic components, together with
microorganisms (especially fungi) are involved in binding small soil particles into
larger aggregates. Aggregation is important for good soil structure, aeration, water
infiltration and resistance to erosion and crusting.

The resistant or stable fraction of soil organic matter contributes mainly to nutrient
holding capacity (cation exchange capacity) and soil color. This fraction of organic
matter decomposes very slowly and therefore has less influence on soil fertility than
the "active" organic fraction.

Organic matter in soil serves several functions. From a practical agricultural
standpoint, it is important for two main reasons. First as a "revolving nutrient bank
account"; and second, as an agent to improve soil structure, maintain tilth, and
minimize erosion.

As arevolving nutrient bank account, organic matter serves two main functions:

e Since soil organic matter is derived mainly from plant residues, it contains all
of the essential plant nutrients. Accumulated organic matter, therefore, is a
storehouse of plant nutrients. Upon decomposition, the nutrients are released
in a plant-available form.

e The stable organic fraction (humus) adsorbs and holds nutrients in a plant
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available form.

Organic matter does not add any "new' plant nutrients but releases nutrients in a
plant available form through the process of decomposition. In order to maintain this
nutrient cycling system, the rate of addition from crop residues and manure must
equal the rate of decomposition.

If the rate of addition is less than the rate of decomposition, soil organic matter
will decline and, conversely if the rate of addition is greater than the rate of
decomposition, soil organic matter will increase. The term steady state has been
used to describe a condition where the rate of addition is equal to the rate of
decomposition.

Fertilizer can contribute to the maintenance of this revolving nutrient bank account
by increasing crop yields and consequently the amount of residues returned to the
soil.

Organic Matter in Virgin and Cultivated Soils

The amount of soil organic matter characteristic of virgin and cultivated soils in a
report from Canada is shown in Table 1. Cultivation generally has resulted in a 30 to
50 per cent loss of organic matter. The same trend holds here in the Midwest.

Table 1. Organic matter in native and cultivated soils (per cent)

Soil zone \Virgin |Cultivated
Brown 3-4 |2-3

Dark 4-5 3-4
Brown

Black 6-10 4-6
Dark Gray 4-5  2-3
Gray 1-2 1-2

Before our soils were cultivated, they had achieved a "steady state". In most of our
prairie soils, the increased rate of decomposition associated with cultivation,
combined with the low rates of crop residue addition associated with crop-fallow
rotations has caused a fairly rapid decline in soil organic matter. The rate of decline
decreases with time as the amount of total soil organic matter decreases and
particularly as the "active" organic fraction is depleted.
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Effects of Organic Matter Decline

Loss of organic matter is often identified as one of the main factors contributing to
declining soil productivity, but it is misleading to equate a loss in soil organic matter
with a loss in soil productivity.

Soil organic matter contributes to soil productivity in several ways, but there is no
direct quantitative relationship between soil productivity and total soil organic matter.
In fact, it has been the decline in organic matter that has contributed to the
productivity of the crop-fallow system. In other words, nutrients that were stored for
many years in the form of organic matter have been used for plant growth and not
replaced.

This decline in organic matter has resulted in the release of large amounts of plant
nutrients, particularly nitrogen. For example, a decrease in soil organic matter of 2
per cent releases about 2,400 Ib/ac of nitrogen. If this decline occurred over a 60
year period, an average of 40 Ib/ac/yr of plant-available nitrogen has come from the
soil organic matter. We therefore view prairie soils which had relatively high levels of
organic matter as being nitrogen fertile, but this fertility could only be attained under a
management system that allowed for organic matter to decline.

Insofar as organic matter contributes to improved soil physical properties (e.qg., tilth,
aggregation, moisture holding capacity and resistance to erosion) increasing soil
organic matter will generally result in increased soil productivity. But on many soils,
suitable soil physical properties occur at relatively low levels of organic matter (2-4
per cent).

A level of organic matter higher than required to produce suitable physical properties
is beneficial in that the soil has a greater buffering and nutrient holding capacity, but
it does not contribute directly to soil productivity. If soils are managed so organic
matter is not declining (steady-state), soils higher in organic matter (e.g., 8 per cent)
are not inherently more productive or fertile than those that have less organic matter
(e.g., 5 per cent).

To equate the ability to supply nutrients with total soil organic matter is not valid. The
"active" fraction of organic matter is a more reliable indicator of solil fertility than is
total soil organic matter. In cultivated soil, the "active" fraction is influence mainly by
previous management.

Soil organic matter cannot be increased quickly even when management practices
that conserve soil organic matter are adopted. The increased addition of organic
matter associated with continuous cropping, and the production of higher crop yields,
are accompanied by an increase in the rate of decomposition. Moreover, only a small
fraction of crop residues added to soil remains as soil organic matter.
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After an extended period of time, the return of all crop residues and the use of
forages in rotations with grain crops may significantly increase soil organic matter,
particularly, the "active" fraction.

Managing Soil Organic Matter

There have been vast changes in the nature of agricultural production. In the past,
farms were small, and much of what was produced was consumed on the farm. This
system allowed for the limited removal of soil nutrients since there was an
opportunity to return most of the nutrients back to the land.

The advent of the internal combustion engine, migration from rural to urban
communities, increasing farm size and specialization in production have resulted in a
system of production where there is greater removal of plant nutrients from the soil
and less opportunity for nutrient cycling.

Maintenance of organic matter for the sake of maintenance alone is not a practical
approach to farming. It is more realistic to use a management system that will give
sustained profitable production.

The greatest source of soil organic matter is the residue contributed by current crops.
Consequently, crop yield and type, method of handling residues and frequency of
tillage are all important factors. Ultimately, soil organic matter must be maintained at
a level necessary to maintain soil tilth. The effects of specific management practices
are discussed below.

Crop rotations

The value of forage crops in rotations with row crops has long been recognized.
Several long-term crop rotation studies conducted in Western Canada have shown
that crop rotations involving perennial forages tend to stabilize soil organic matter at
a higher level than crop rotations, especially those involving summerfallow.

The beneficial effects of perennial forages are the result of:

e amore extensive root system and crop aftermath contributing more organic
matter to the soll,

« the fibrous nature of the root system of perennial grasses. These are
particularly effective as a binding agent in soil aggregation,

« Nitrogen fertility enhancement by the growth of legumes,

e increased permeability of dense subsoils because of the deep penetrating tap
roots of perennial legumes, especially alfalfa.

e areduced rate of organic matter decomposition in the absence of tillage.



Soil Organic Matter by J. Lickacz and D> Penney www.byronseeds.net
Fertilization
Fertilizers will generally increase soil organic matter because the increased crop
growth returns larger amounts of residues to the soil.

Data obtained from the Breton Plots in Manitoba is summarized in Figure 3. The
increase in organic matter is less than what might be expected with current farming
practices since all the straw had been removed from the plots. To determine the
fertilizer effect, two fertilizer treatments were averaged, one involving a low rate of
nitrogen and sulphur and another involving a low rate of nitrogen, phosphorus,
potassium and sulphur.

One would expect that with higher rates of fertilization, higher yielding varieties, and
the return of all crop residues, the effect of fertilizers on organic matter would be
greater than that shown in Figure 3.

Breton Plots
50 Years of Data
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Figure 3. Effect of fertilizer on soil organic matter.

Plowdown

Legume plowdown has received considerable attention in recent years as an
alternative to the use of nitrogen fertilizers. Strictly as a source of nitrogen, the value
of a legume plowdown is questionable. The amount of nitrogen fixed by a legume is
dependent upon the type of legume, the amount of vegetative growth, the nature of
the soil and environmental conditions. As a source of organic matter, legume
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plowdown is valuable; however, perennial forages are more effective than legume
plowdowns for increasing soil organic matter.

Conclusion

The cultivation of prairie soils has generally resulted in a decline in organic matter of
30 to 50 per cent. A product of this decline has been the release of large amounts of
plant nutrients, particularly nitrogen. Crop rotations with a high frequency of tillage
have resulted in the release of large amounts of nutrients from organic matter stores.
Depending on the farming system, some of these nutrients have been available for
plant growth and some have been lost due to leaching or soil erosion.

More frequent or continuous cropping, less frequent tillage, the production of high
yields and the return of crop residues will help to maintain soil organic matter at a
satisfactory level. Rotations including perennial forages and cover crops are effective
for maintaining or increasing soil organic matter.
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