























1. Soil Organic Matter

What Is Soil Organic Matter?

Soil organic matter (SOM) is the fraction of soil
that originates from living organisms. At any given
time, SOM consists of the living soil organisms and a
non-living fraction derived from plant and animal
residues in various stages of decay. Soil organic matter
is not a static component of the soil; it is in a state of
flux due to the continuous activity of decomposers,
the diverse group of soil organisms relying on organic
residues for energy and nutrients (fig. 1.1).

Organic residues are a complex mixture of
readily decomposable and resistant molecules made
up largely of carbon (50-55%) and nitrogen (7-8%). It
isuseful to think of SOM as composed of several pools
that differ in decomposition rate. The accessibility of
these various SOM fractions to decomposition deter-
mines their ultimate fate in the soil (fig. 1.2).

Determining Factors

Organic Residues and Decomposition Rate

In natural undisturbed ecosystems, the addition of
organic matter is balanced by decomposition, and the
various fractions of SOM are in a state of dynamic
equilibrium. SOM levels remain fairly constant as new
organic matter is added and decomposed. The quantity
of organic matterin a natural soil is determined by factors
that affect decomposition rate, such as temperature,
moisture, soil texture, and organic matter input from
plants. Typically, when soil is brought into agricultural
production, the organic matter content declines until it
reaches a new equilibrium (Campbell and Souster, 1982).
This decline in SOM is thought to result mainly from
cultivation, which disrupts soil aggregates and makes
more SOM susceptible to decomposition (Buyanovsky et
al., 1987; Kay, 1990). Most agricultural soils in California
are fairly low in SOM, containing 0.3 to 2 percent organic
matter. A few soils such as the Venice series in the Delta
contain more organic matter, but their distribution is
very limited (table 1.1).

Crop Production Practices and SOM

Agricultural practices, including the method, fre-
quency, and depth of tillage, type and amount of organic
residue additions, crop rotation, and irrigation, affect
SOM levels (table 1.2). Theequilibrium level of SOMinan
agricultural system is determined by the combined ef-
fects of all these factors which either accelerate or restrict

Table 1.1. Soil Organic Matter Content and
Texture of Selected California Soils.

Soil Series % SOM Texture
Yolo 0.7-1.2 silty loam
Capay 1-2 silty clay
Jacktone 2-5 clay
Redding 1.7-2.6 clayey loam
Holland 1.2 sandy loam
Delhi 0.5 loamy sand

Source: Soil Conservation Service. Soil Survey of Yolo County, 1972;
Soil Survey of Sutter County, 1988.

the decomposition rate or alter the amount of plant
material produced.

In California, irrigation during the warm season
affects SOM levels in two opposing ways. On onehand,
water can increase SOM by increasing the total quantity
of plant material produced on theland. On the other, the
combination of moist soil and high temperatures during
the growing season creates favorable conditions for rapid
decomposition of organic matter. The net effect of these
two forces is unclear because of the scarcity of long-term
research.

Production practices can also determine the com-
position of SOM. For example, studies in the Midwest
suggest that tillage not only reduces the total SOM, but
also changes its composition by reducing the amount
of SOM in the “slow fraction” while having little or no
effecton the SOM in the “stable fraction” (Balesdent et
al., 1988).

How Does Organic Matter
Improve the Soil?

The difficulty in consistently demonstrating the
specific benefits of organic matter in soils stems from its
diverse nature, with fractions thathave distincteffectson
soil properties. Similar quantities of total organic matter
in two agricultural soils could easily have different roles
because of differing composition. The potential benefits
of SOM depend on the type of organic matter rather than
the absolute amount (Kay, 1990; Roberson et al., 1991).

Organic matter provides a number of benefits to
the soil:
¢ increased biological activity— supplies nutrients, en-

ergy, and habitat for beneficial soil organisms
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Fig. 1.1. Decomposition of organic residues.

Fig. 1.2. Organic matter pools
and turnover rates. The “meta-
bolic” components of plant resi-
dues (sugars, proteins, efc.) are
quickly assimilated and broken
down by soil organisms,
whereas “structural” compo-
nents such as cell walls (cellu-
lose, lignin) are more resistant to
decomposition. A portion of
these more stable components of
plant residue are modified to
become humus (fractions B &
C). SOM is commonly divided
into three fractions with varying
turnover times: (A) active SOM,
turnover time 2-3 years (newly
added OM, living organisms
and associated structures); (B)
slow SOM, 20-40years (organic
components derived from plants
and soil organisms that areresis-
tant to decomposition, physi-
cally protected organic com-
pounds); and (C) passive (or
stable) SOM, 500-1,000 years
(extremely recalcitrant mol-
eculés, some physically pro-
tected humus). Figure from Par-
ton et al. (1987).
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Fig. 1.3 Soil Biology. A diverse population of living organisms contributes to healthy soil. Some soil-dwelling organisms feed
on living plant tissue and create serious pest problems for farmers. Many organisms, however, have a positive effect as they
break down organic matter and cycle nutrients within the cropping system. A large number of soil-inhabiting nematodes (not
shown) feed on decaying organic matter and its associated microorganisms, or are predators of other small soil animals. Soil
arthropods such as mites and collembola (A) feed on decaying organic matter, fungal hyphae and spores, microorganismis,
insect eggs and/or animal remains. Soil microorganisms including fungi (B), actinomycetes (C), and bacteria (D), decompose
organic matter, thereby releasing more nutrients. Microorganisms also produce substances that help soil particles adhere to one
another. Fungal mycorrhizae play an important role in transferring nutrients from the soil to plant roots. Ant excavation (E)
and earthworm burrowing (F) result in a natural mixing of the soil. Earthworms are also involved in nutrient cycling.
Rhizobium bacteria (G) living in association with the roots of legumes are able fo fix atmospheric nitrogen and convert it into
a form useful to plants.

Adapted from Sustainable Agriculture, ]. P. Reganold et al. Scientific American 262(6):112-120. Copyright © 1990 by Scientific American, Inc.
All rights reserved. Redrawn by Marianne Post.
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to the obvious physical differences between organic
residues and the mineral components of soil (sand, silt,
and clay). A soil’s water holding capacity, for example,
can be increased simply because organic particles can
hold much more water than mineral particles.

Many of the improvements in soil structure that
occur from organic matter additions are the result of
aggregate formation. In fact, increased aggregate
stability is one of the earliest structural changes to take
place when organic residues are added to soils (Kay,
1990; Roberson, 1991).

As shown in figure 1.4, there are several mecha-
nisms for forming soil aggregates. Microbes produce a
gelatinous matrix that adheres to soil particles and
resultsin aggregate formation, while fungalhyphaehold
soil particles together in the same way plant roots do.
These forms of aggregation are relatively short-lived
since the aggregates are held together by polysacchar-
ides, which are easily decomposed by microbes (Oades,
1984). Longer-term aggregates are formed during de-
composition as clay particles adhere to humic acids
forming organo-mineral complexes. These aggregates
tend to be more resistant to disruption but are smaller.

Increased aggregation can alter the pore structure,
affecting water retention properties and soil aeration.
Water holding capacity of soils increases as pore volume
increases. In soils with a high clay content, improved
aggregation can play a significant role in increasing the
productive capacity of the soil. Water infiltration rate
can also increase in well-aggregated soils.

Soil fauna also affect soil structure. The burrowing
tunnels and castings of earthworms improve soil pore
structure and aeration. While earthworms are impor-
tant in no-till systems, much less is known about their
contribution in heavily cultivated systems. Tillage is
extremely disruptive to earthworms and tends to drasti-
cally reduce their numbers (Werner, 1990).

In California, several experiments have shown
that organicresidues from winter annual cover cropscan
improve soil tilth. Roberson et al. (1991) found that
improved aggregation and hydraulic conductivity corre-
lated with higher microbial activity and soil carbohy-
drate content after two to three years of cover cropping
inwalnutorchards. In an experimentwith tomatoesand
corn, cover crops increased aggregation, microbial activ-
ity, and water infiltration, and reduced soil crust strength
(Groody, 1990; Roberson et al., 1992).
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Fig. 1.5. Fates of nitrogen in the soil.

Nitrogen Cycling

Incorporating organic residues and green manures as sources of nutrients fundamentally changes the
structure of agricultural ecosystems, particularly in areas where soils are low in organic matter. Instead of
adding mineral forms of nitrogen or a simple organic compound such as urea, nitrogen is added as a complex
mixture of readily metabolized and recalcitrant organic compounds. Rather than diminishing the role of
decomposers, the use of organic residues requires the integration of soil microbial populations into the
cropping system to convert nutrients into a form plants can absorb. Consequently, the decomposers play
a central role in making nutrients available to plants (particularly nitrogen, and to some extent phosphorus
and sulfur). Figure 1.5 shows the possible fates of nitrogen in the soil.

During mineralization, nitrogen is released from complex organic molecules as ammonium (NH,*). Ammo-
nium can then be taken up by the microbes (immobilization) or oxidized by a group of organisms called
nitrifyers, producing nitrite (NO,") and then nitrate (NO,"), a process called nitrification. Plants can take up
both NH,* and NO,". If large amounts of NH,* are present — after heavy applications of raw manure, for
instance — nitrogen can be lost as NH, gas. More commonly, nitrogen is lost through leaching of NO,~ since
it is negatively charged and not held by the cation exchange sites. In microsites of low oxygen concentrations,
which can occur with over-irrigation, NO," can be reduced to N, (denitrification) and lost to the atmosphere.
Some NH,*isfixed by mineral complexesin the soil, making it unavailable to both microorganisms and plants,
although this NH,* can be released by wetting and drying cycles. NH,* can also be bonded to SOM and
become part of the stable humus.

The biologically driven transformations of nitrogen are integrated with the cycling of other nutrients required
by the microbes and dependent on carbon turnover. Microbial demand for NO,~ and NH,* is linked to the
availability of high-energy carbon substrates: When residues containing high carbon are present, more
nitrogen will be immobilized as the microbial biomass expands. Carbon is also required for denitrification.
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2. Evaluating Organic Materials

Determining the true agronomic value of an
organic amendment is a complex matter, requiring
analysis of both nutrient benefits and improvements
in soil quality. The dollar value of the nutrients in
organic materials is relatively simple to calculate,
based on the nutrients’ availability (N, P, K, etc.) and
the current price of inorganic fertilizers.

Assigning an economic value to non-nutrient
effectsis much more difficult, so itis common practice
toignore these benefitsaltogether. This approach may
seem reasonable over the short term because improve-
ments in soil quality are relatively small compared to
the nutrient effects. Over the long term, however, the
non-nutrient benefits can lead to significant improve-
ments in yield and in the efficiency of the production
system.

Multi-year studies on the effects of livestock
waste, for example, have shown that manure can
increase crop yield beyond the level that could be
attributed solely toits nutrient content. This phenom-
enon is most likely a result of the additional organic
matter contained in the manure. As explained in
Chapter 1, this organic matter may improve soil tilth,
increase water holding capacity in some soils, and
indirectly enhance nutrient cycling or disease suppres-
sion. Each of these parameters has a positive effect on
crop yield.

Organic vs. Inorganic

Synthetic inorganic fertilizers are more concen-
trated and are generally less expensive per unit of nutri-
ent than organic fertilizers. In addition, most synthetics
are water soluble and are manufactured with a high
degree of quality control, resulting in greater consistency
innutrient content and a more predictablerate of release
into the soil. These qualities have the potential to
promote precise and efficient management of nutrients
in the field. Often, this potential is not achieved. The
very solubility that makes synthetic fertilizers so useful

can lead to inefficient use and groundwater contamina-
tion when the fertilizer is applied at the wrong time or at
excessiverates. Synthetic slow-release fertilizers provide
one approach to solving the problem of poor efficiency,
but because of high cost, their use is generally restricted
to high-value crops like strawberries or ornamentals.

Although organic fertilizers generally are less con-
centrated than synthetic fertilizers, the nutrients added
(particularly nitrogen), are held in anon-leachable form
and released slowly into the soil. Because of this
characteristic, organic materials such as manure and
cover crops can be looked at as a special type of slow-
release fertilizer, adding to the fertility of the soil with
less risk of losing the nutrients through leaching.

Arecent field experiment at UC Davis comparing
cover crops and synthetic fertilizers supports this hy-
pothesis. Cover-cropped plots supplied amounts of
nitrogen comparable to those of plots treated with
synthetic fertilizer, levels sufficient to produce good
yields of processing tomatoes. The added benefit from
using cover crops was that there was no movement of
nitrate below the root zone during the rainy season.
(Shennan and Griffin, unpublished)

Other Considerations

A major problem with synthetic fertilizers con-
taining ammonium, especially ammonium sulfate, is
that they will acidify soils with continued use. Soil
acidification can lead to poor soil structure and reduce
the availability of other nutrients.

There are drawbacks to consider with organic
fertilizers, too. Manure, for example, may contain weed
seeds or soluble salts. Other materials that are high in
carbon may have the potential to tie up nitrogen during
decomposition. The cost of purchasing organic fertiliz-
ers can be high, and will vary according to the degree of
processing, the distance to transport the material, and
method of application.
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Evaluating Organic Materials

Soil Amendments and Fertilizers: Making Good Choices
Deciding which organic material to use and how much to apply can be a difficult and confusing task. To help
guide your decisions, remember the following seven points.

1. Begin with your current production system and think in terms of the overall quality of your soil, and the needs
of the plants. Assess the nutrient status of the soil as well as its physical characteristics and tilth. Remember,
the nutrient status of the current year relates directly to previous years’ fertility: It does not reset itself to zero
at the beginning of each growing season. Make sure you account for carryover from fertilizer, manure, and
incorporation of crop residue. Use your own powers of observation in the field in conjunction with laboratory
analyses.

2. The nutrient status of your soil can be evaluated either by direct soil sampling and testing, or by analysis of
leaf or petiole tissue of the growing crop. Both methods have their merits in different situations (see University
of California Division of Agriculture and Natural Resources Bulletin #1879, Soil and Plant Tissue Testing in
California). In California, these tests must be carried out by the grower or through a private laboratory.
Contact your farm advisor for reputable labs in your area. Specific nutrient requirements of a crop may be
hard to pin down, and recommendations tend to change as new data become available. Your farm advisor
has access to the most up-to-date and applicable research, and is a good source for this information.

3. The composition and quality of organic amendments and fertilizers is highly variable. Also, standards for
characterizing and labeling do not exist for most organic materials. Therefore, if you are applying an organic
material as a fertilizer, it is important to get accurate information about its nutrient composition. Some
companies may provide analyses of their products free of charge. However, to have the most accurate
records on nutrientinputs, each load or shipment of material applied to the soil should be analyzed separately
by an independent testing facility.

4. Organic fertilizers are usually more expensive per unit nutrient to purchase, transport, store, and apply than
synthetic chemical fertilizers. When evaluating the costs and benefits of various materials, however, consider
that organic materials have two additional benefits. First, they can supply organic matter, which maintains
soil tilth and friability. Second, organic amendments provide “fuel” for microorganisms, thereby promoting
cycling of nutrients within the production system, and in some cases, suppressing harmful pathogens. It s
difficult to assign a dollar value to these non-nutrient benefits.

5. Some organic materials (e.g., sewage sludge), may contain compounds or organisms that are potentially
harmful to plants or humans. Use these materials with caution.

6. Keep accurate records. Monitor crop response over the course of the growing season, and make adjustments
in application rates as necessary.

7. One organic material alone usually will not solve problems of soil tilth and fertility. The best approach is to
develop an integrated program of soil management that combines appropriate levels of tillage with a variety
of inputs including cover crops, mineral supplements, gypsum or lime, organic amendments, and/or
foliar sprays.














































































