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are made available to plants. 

The capacity of a soil to retain positively charged 
nutrients such as calcium, magnesium or am-
monium is known as cation exchange capacity 
(CEC). The CEC is determined by the type of clay, 
organic matter content and pH. Kaolin, a type of 
clay typically found in Southeast soils, has a low 
CEC of 1–10 milliequivalents of charge per 100 
grams of soil (meq per 100g). In contrast, soil 
organic matter can have 100–300 meq per 100g. 
Consequently, although soil organic matter is a 
small percentage of the soil, it can be a major con-
tributor to CEC. The combination of low soil or-
ganic matter and clays with low CEC means most 
soils in the Southeast have a CEC in the range 
of 5–10 meq per 100g, whereas typical soils in 
the Midwest have CECs of 30 meq per 100g. The 
mineral fraction of a soil cannot be changed, but 
CEC can be increased by increasing soil organic 
matter and maintaining a near neutral pH of 
6.0–6.5. In acidic soils, the CEC of both clay and 
organic matter increases as pH increases [53]. 

Soil organic matter also releases nutrients as it 
decomposes. Even when inorganic fertilizer is ap-
plied, nitrogen released from soil organic matter 
can be as much as 70 percent of the nitrogen used 
by a crop like corn [37]. The nutrients in organic 
matter cannot be used by plants until they are re-
leased through a process called mineralization. As 
soil organisms such as bacteria and fungi break 
down organic  
matter, some of the nutrients mineralized are 
used for their growth and some are left available 
for plant use. 

Organic materials, such as cover crop residue and 
manures, play an important role in maintaining 
soil organic matter. For cover crops, in addition 
to moisture and temperature, residue quality de-
termines how quickly these materials break down 
and release nutrients (Table 3.2). Residue quality 
is affected by the carbon-to-nitrogen ratio (C:N 
ratio), as well as by the amounts and kinds of 
organic compounds present. Nitrogen in residue 
is either released for plant uptake or immobilized 
in the microbial mass, depending on the residue 
quality. In general, residues with a C:N ratio less 
than 20 will break down within weeks or months 
depending on conditions, and will supply nitro-
gen to the following crop. An example is crimson 
clover with a C:N ratio of 17. Plants with lower 
C:N ratios also tend to have greater amounts of 
carbohydrates. Residues with a C:N ratio of 40 
or greater break down slowly, so nitrogen is less 
available to the following crop. An example is a 

Soil organic matter1 Water-stable aggregates 

Depth (inches)

0–½ 0–1

TILLAGE PERCENT

Conventional: disking and chisel plowing 0.9 0.9 37 

Non-inversion: in-row subsoiling to a depth of 15 inches 1.9 1.5  58 

TABLE 3.1. Increases in soil organic matter content and water-stable aggregates in a central Alabama soil after 10 
years of in-row subsoiling to a 15-inch depth compared to disking and chisel plowing [54]

1 Soil organic matter estimated from total soil carbon content multiplied by a 1.724 factor. 

FIGURE 3.5. Water infiltration under different tillage 
and cover crop practices [54].
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nected by water and it is easier for bacteria to be 
eaten by predators such as protozoa [10]. In many 
cases, grazing by protozoa increases bacterial 
activity and increases the release of carbon and 
nitrogen bound in bacterial cells.

Soil aggregation increases with increasing organic 
matter and this modifies the microbial habitat. 
Large soil aggregates contain higher levels of 
nutrients than soil in general. Pores inside ag-
gregates provide refuge for soil microorganisms, 
protecting them from predators and from drying. 
Soil aggregates vary in size as do the pores within 

them. 

The size of pores determines the occupants, as 
illustrated by Figure 3.8. Bacteria usually live 
within micro-aggregates [20]. Fungi, nematodes 
and protozoa inhabit pores between micro-aggre-
gates as well as pores within and between mac-
ro-aggregates. Most soil bacteria are physically 
separated from their predators, such as protozoa 
and nematodes. Soil mites are more abundant in 
macropores [9, 34]. Studies show that as proto-
zoa, nematodes, fungi and mites feed on each oth-
er, nutrients are both released and incorporated 
into their bodies, affecting the fertility of soil. 

Soil compaction crushes macropores and large 
micropores into smaller pores, reduces total pore 
space as well as air-pore space, and increases soil 
bulk density. Compaction limits the movement 
and abundance of larger soil organisms such as 
earthworms and soil insects. Microorganisms 
such as bacteria and fungi do not seem to be 
affected by soil compaction [49]. 

Disease Suppression 
Most soils suppress soil-borne plant pathogens 
to some degree, including bacterial and fungal 

FIGURE 3.7. Changes in soil microbial activity and 
nitrate levels with the addition of plant residue with a 
low nitrogen content [12].

1 The superscript numbers in brackets refer to the reference list number for the C:N ratio. 

Cover crops C:N ratio

Mature cereal rye (heading) 40 [41]

Young cereal rye (before boot stage) 14 [36]

Wheat straw 100 [7]

Crimson clover (mid-bloom) 17 [41]

Hairy vetch (early-bloom) 11 [41]

Cereal rye/crimson clover 28 [41]

Cereal rye/hairy vetch 21 [41]

Cowpeas 13 [16]

Manures C:N ratio

Poultry litter 14 [46]

Dairy manure (solids) 13 [46]

Swine manure 14 [46]

TABLE 3.2. Carbon to nitrogen (C:N) ratios of some commonly used cover crops and manures1
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servation systems that store more carbon in the 
soil are getting greater environmental attention. 
Carbon sequestration is simply defined as long-
term storage of carbon [12] (Figure 3.10). It is 
important for reducing the amount of carbon 
dioxide in the atmosphere, which contributes to 
climate change. Trees, lumber, perennial roots, 
stable soil organic matter and deposits such as 
coal and limestone are examples of long-term 
carbon storage [26].

The storage of carbon from plant biomass in soil 
organic matter is a key sequestration pathway 
in agriculture. Stable soil organic matter can 
last for hundreds to thousands of years and is 
largely composed of carbon [52]. For carbon to 
be sequestered in soil, it has to be protected from 
microbial degradation. This tends to happen 
within stable micro-aggregates. Conservation 
systems are an effective way to increase soil 
organic matter and thus store soil carbon. If these 
systems were adopted on the 64 million acres of 
cropland in the southeastern United States, an 
estimated 47 million tons of carbon dioxide could 
be sequestered in soil each year [14].

Conservation systems can also reduce greenhouse 
gases by reducing fossil fuel use [38, 2]. Although 
the amount of carbon sequestered in conservation 
tillage systems is finite, the benefit of reduced fos-
sil fuel use continues as long as reduced tillage is 
used [55]. Tillage and harvest represent the great-
est proportion of fuel consumption in convention-
al tillage systems [17]. Consequently, converting 
from moldboard plowing to conservation systems 
could keep about 20 pounds of carbon per acre 
per year from entering the atmosphere through 

fossil-fuel emissions [26]. 

PREDICTING CHANGES IN SOIL 
ORGANIC MATTER
The amount of organic matter in soil depends on 
cropping history, current production methods, 
soil type, and variations in climate and microcli-
mate. The Soil Conditioning Index (SCI) is used 
by the USDA Natural Resources Conservation 
Service to predict changes in soil organic matter 
as affected by cropping system, tillage manage-
ment and soil texture [24]. When an SCI score is 
negative, organic matter is predicted to decline. 
When an SCI score is positive, organic matter is 
predicted to increase. The SCI is a useful way to 
look at the likelihood of a change in soil organ-
ic matter, but it does not predict an amount of 
change. In the following sections, the SCI was 
used to assess various cropping systems in these 
major land resource areas: Southern Piedmont, 
Southern Coastal Plain and the Southern Appala-
chian Ridges and Valleys [4].

Southern Piedmont
Soils in the Southern Piedmont have moderately 
high clay content, are mostly well drained, and 
are at least moderately permeable [40]. Historical 
tillage practices caused the loss of soil organic 
matter in these soils, resulting in organic-matter 
contents that are often less than 2 percent. The 
SCI predicts that continuous cotton production 
with no-till would increase soil organic matter 
marginally, but including a winter cover crop 
or grain in the rotation would do even better 

Location
Soil  

series
Soil  

texture
Slope

(percent)
Scenario SCI

Watkinsville,
GA

Cecil Sandy loam 4

Monoculture cotton, spring chisel tillage -1.1

Monoculture cotton, fall chisel tillage -1.8

Monoculture cotton, no-till 0.12

Cotton>annual rye, no-till 0.36

Cotton>corn>corn>tall fescue (pasture years) 0.61

TABLE 3.3. The Soil Conditioning Index (SCI) for several management scenarios in the Southern Piedmont region [4]
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tillage in this region, use deep tillage without 
inversion such as subsoiling to initially overcome 
a lack of soil structure resulting from decades of 
intensive tillage. 

Southern Coastal Plain
Agricultural soils in the Southern Coastal Plain 
are located on floodplains, river terraces and 
gently sloping uplands [23]. These soils tend 
to have sandy textures and are moderately well 
drained to well drained. Conventional tillage in 
the Coastal Plain region causes loss of soil organic 
matter, as seen by the negative SCI in Table 3.4. 
Most agricultural soils in the region have organic 

matter contents less than 1 percent. 

Management strategies to increase organic mat-
ter include reduced tillage or no-till, diversifying 
rotations with high-residue crops such as corn 
and cereal cover crops, applying animal manure, 
and including sod in rotations. For example, a 
Norfolk soil with continuous cotton using conven-
tional tillage has an SCI score of -0.41. Changing 
management to no-till will increase the score to 
0.44. Adding a cereal-rye winter cover crop and 
rotating cotton with corn increases the SCI score 
to 0.60. Because these sandy soils do not retain 
organic matter as well as the clayey soils of the 
Southern Piedmont, organic-matter contents 

Location
Soil  

series
Soil  

texture
Slope

(percent)
Scenario SCI

SC Norfolk Loamy sand 3

Conventional tillage, continuous cotton -0.41

No-till, continuous cotton 0.44

No-till, cotton>annual rye>corn>annual rye 0.6

SC Norfolk Loamy sand 3

Conventional tillage, continuous cotton -0.84

No-till, continuous cotton 0.28

No-till, cotton>annual rye>corn>annual rye 0.54

Paratill, continuous cotton -0.27

Paratill, cotton>annual rye>corn>annual rye 0.45

Paratill, corn>sunn hemp summer cover crop> 
wheat>cotton>white lupin/crimson clover

0.56

TABLE 3.4. The Soil Conditioning Index (SCI) for several management scenarios in the Southern Coastal Plain  
region [4]

Location
Soil  

series
Soil  

texture
Slope

(percent)
Scenario SCI [4]

AL Decatur Silty loam 3

Continuous cotton, fall chisel plow -2.6

Continuous cotton, no tillage -0.36

Cotton>annual rye>corn>annual rye 0.17

Cotton>annual rye>corn>annual rye, five tons  
per acre of poultry litter prior to cotton 

0.21

Cotton>annual rye>corn>annual rye,  
paratill prior to cotton

0.09

TABLE 3.5. Representative management scenarios and Soil Conditioning Index (SCI) for the Southern Appalachian 
Ridges and Valleys region [4]


