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H 
ugh Hammond Bennett is noted 
as having expressed after 24 years 
of studying soils of the United 

States that in his opinion soil erosion is the 
biggest problem confronting the farmers of 
the nation (Bennett and Chapline 1928). 
As summarized by Helms (2009), the con-
cerns of Bennett and others eventually 
led to the formation of the Soil Erosion 
Service, which was the precursor to the 
Soil Conservation Service and was cre-
ated within the USDA in 1935 (Bennett 
1933). Here I provide a historic perspec-
tive of the use of US agricultural lands and 
soil carbon (C), compare amounts of soil 
organic carbon (SOC) in cropland versus 
land that has never been cultivated (native), 
and consider the future role of SOC in 
US agricultural lands. Within this context, 
the protection of SOC has been and will 
continue to be a necessary component to 
the economic and environmental health of 
US agriculture. 

Little doubt can exist that among the 
great negative impacts related to the soil 
erosion observed by Bennett, if measured, 
would have been the severe loss of SOC 
associated with the eroding soil. The stable 
pool of SOC in soils is normally associ-
ated with the colloidal soil fraction and 
microaggregates and is depleted by soil 
degradative processes (Bajracharya et al. 
1998) such as soil erosion. There is a linear 
decline in SOC content with accumula-
tive soil erosion, and the enrichment ratio 
is about 3 to 5 (Lal 1998).

Accelerated erosion in the United 
States began with European settlement 
more than four centuries ago. In exploit-
ing the soil and natural resources they 
found, these early settlers acted rationally 
and used the means available to them to 
wrest a living from the wilderness, a land 
mostly covered by seemingly limitless for-

ests. Following the end of the Civil War 
in 1865, westward population movement 
and population growth were increasingly 
dynamic. Movement of the US population 
was aided by the Homestead Act of 1862 
and by completion of the transcontinental 
railroad in 1869. Native American lands 
that had been seized by the government 
and their availability for settlement drew 
European immigrants whose numbers, 
coupled with the movement of US citi-
zen settlers, increasingly opened the Great 
Plains and the western United States to 
agriculture. Historical records show that 
from the 1870s until about 1940 grain pro-
duced per unit of land area in the United 
States was essentially static (Follett 2007). 
Thus, along with the westward movement 
and growing populations, increasing areas 
of land were broken from their native 
condition.

The Dust Bowl of the 1930s provided 
a hard lesson about the use of large-scale, 
improper soil management that, coupled 
with drought, had devastating effects upon 
the nation and its society. This awakening 
did much for the conservation movement 
in the United States. As historian Robert 
Worster (1979, quoted in PBS 2006) 
wrote, “The ultimate meaning of the dust 
storms of the 1930s was that America as a 
whole, not just the plains, was badly out of 
balance with its natural environment.” The 
awful and worsening drought conditions, 
coupled with the horrible effects of the 
Great Depression, eventually meant that 
millions of US citizens could no longer 
make a living from farming. By 1940 over 
2.5 million people had moved out of the 
Great Plains. Life was simply unsustainable 
for many.

Following the shock of the Dust Bowl 
and after 1940, better land and resource 
management began to result, and—though 
not directly recognized at the time—bet-
ter soil C management helped restore 
productivity to the land and the quality of 
the water and to conserve and help restore 
what were no doubt previous major losses 
of SOC. The lessons of the 1930s and 1940s 
resulted in greater awareness of the need 

for soil conservation practices and land 
set-aside programs, which would conserve 
land and soil productivity, and increase soil 
C. Land under the Soil Bank Act of 1956 
was set aside primarily to divert cropland 
from the production of major crops and 
thus to decrease agricultural inventories 
but with a second purpose of establishing 
protective vegetative cover on land that 
needed conservation practices and protec-
tion from wind and water erosion. 

Major subsequent technological inno-
vations, described by Power and Follett 
(1987), occurred. Three highly important 
technological innovations appeared by the 
end of World War II: 
1. Greater mechanization occurred, 

wherein most farms were using gaso-
line tractors that were increasing in 
size. There was increased use and 
availability of specialized agricul-
tural machinery, including combines, 
planting equipment, high-clearance 
tillage equipment, and center-pivot  
irrigation rigs. 

2. Crop varieties were improving with 
genetic advances in existing crops 
and the introduction of new crops 
(e.g., soybean) to push farmers toward 
monocultures, limited rotations, and 
increased crop-specific knowledge 
by farmers so that optimized yields  
could be obtained. 

3. Agricultural chemical use, as typi-
fied by manufactured nitrogen (N) 
fertilizer, became prominent after 
World War II, as did the use of  
agricultural pesticides. 
These three technological advances 

after 1940 led farmers to increasingly 
grow a single or only a few crops and the 
development of increased confidence by 
farmers that, with the use of the above 
technologies, their crops would flourish.

Coupled with the above is a fourth 
technology—that of improved soil man-
agement (reduced tillage, enhanced crop 
residue management, water and precipi-
tation conservation, and plant nutrient 
management). Improved soil manage-
ment also includes use of crop rotations 
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and cover crops. The various management 
components of this fourth technol-
ogy have now become instrumental to 
decreasing soil erosion and protecting and  
restoring SOC.

Conservation Programs
The Soil Bank Program was enacted in 
1956 and consisted of two parts: an acre-
age reserve and a conservation reserve. In 
1957, 8.7 Mha (21.4 million ac) of land 
were in the acreage reserve (Rasmussen 
et al. 1976), but Congress ended the pro-
gram in 1958 (USDA Soil Conservation 
Service 1985). Through 1957, 2.63 Mha 
(6.5 million ac) were enrolled as part of 
its conservation reserve program (USDA 
Agricultural Research Service 1958). 
During its 10-year life, the Soil Bank 
Program diverted 11.5 Mha (28.4 million 
ac) to conservation practices (Economic 
Research Service 1963) (figure 1).

The Soil Bank Program was fol-
lowed by two-similar long-term contract 
programs: the Cropland Conservation 
Program, authorized in 1962, and the 
Cropland Adjustment Program, enacted in 
1965. The Agricultural Act of 1970 as part 
of a three-year program required farmers 
to keep a certain percentage of their land 
under conservation practices, and they 
could grow whatever they wanted on the 
rest of their land. However, by 1973 the 
demand for American farm products and 
their export was high because of dimin-
ished world grain stocks and worldwide 
inflation. Export demand and subsidies, 
devaluation of the US dollar, and the rise 
in farm commodity prices liquidated the 
stocks built up under previous price sup-
port programs (Rasmussen et al. 1976). 
With encouragement of USDA policy 
makers, US producers planted crops on 
marginal cropland and broke out and 
planted range and pasture lands. The 
Agricultural and Consumer Protection Act 
of 1973 placed emphasis on production 
to respond to “ever-growing world-wide 
demand for food and fiber” (USDA Soil 
Conservation Service 1985). Amazingly, 
by 1973 all USDA-subsidized cropland-
retirement programs were suspended and 
the conservation lessons of the 1930s 
appeared to have been forgotten. These 
activities continued until the early 1980s, 

when overproduction and a stronger US 
dollar depressed prices and caused farm 
income to fall to its lowest level since the 
1930s. Concurrent with the falling of farm 
income, acreage of idle lands also increased 
throughout the early 1980s (figure 1).

The National Resources Inventory in 
1972 along with reports by the General 
Accounting Office indicated that unsus-
tainable levels of annual soil losses were 
occurring (USDA Soil Conservation 
Service 1985). Implementation of the 
Soil and Water Conservation Act (RCA) 
of 1977 resulted in the collection of data 
showing that soil erosion and concur-
rent losses of soil organic matter (SOM) 
had increased to levels that were perhaps 
worse than those during the Dust Bowl 
years of the 1930s and that few enduring 
resource conservation benefits remained 
(Berg 1994). Soils once adequately treated 
or retired from cultivation had been tilled 
and planted to annual crops. The lesson 
from the 1970s was that there is a strong 
need for responsible soil-conservation 
policies at the national level and that the 
suspension of government programs sup-
portive to conservation and reduced soil 
degradation had resulted in the rapid loss 
of the economic and societal benefits of 
soil C that had been accumulated under 
the Soil Bank Program.

Continued recognition of the adverse 
impacts of ongoing soil erosion resulted in 
key additional legislative authority being 
placed into the 1985 farm bill to imple-
ment a nationwide Conservation Reserve 
Program (CRP). Since then, idle cropland 
area has decreased and especially during 
the latter part of the 1990s acreages of 
land placed in the CRP have grown sub-
stantially (figure 1). As a result, the nearly 
12.4 million ha (30.6 million ac) of land in 
CRP has exceeded the previous 11.5 Mha 
(28.4 million ac) that were in the Soil Bank 
Program (USDA National Agricultural 
Statistics Service 2008). Land placed in the 
CRP has been shown capable of seques-
tering millions of tons of SOC (Follett et 
al. 2001). The CRP explicitly identifies soil 
C sequestration as a factor for enrollment 
selection in the Environmental Benefits 
Index (EBI). However, SOC sequestration 
is a subcategory criterion factor under 
the “Air Quality Benefits from Reduced 
Wind Erosion” category of the EBI. 
Because enhanced soil C stocks have mul-
tiple benefits, SOC sequestration could be 
included in virtually all the EBI categories 
as a criterion or could constitute its own 
criterion for the EBI.

Highly important to the future is recog-
nition that current CRP contracts will be 
expiring. Multiple benefits obtained from 
the CRP, including sequestered SOC, 

Figure 1 
Idle and other cropland use from 1940 (USDA National Agricultural Statistics Service 
2004, 2008; USDA Agricultural Research Service 1958; Aines 1963; Rasmussen  
et al. 1976).
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resulted from a very large investment 
of taxpayer funds over nearly 20 years. 
Accumulated benefits from CRP have not 
been adequately measured. Neither is it 
fully understood whether the lands under 
expiring CRP contracts will be adequately 
treated if they again are tilled and planted 
to annual crops. Lessons from the 1970s 
need not be repeated since newer tech-
nologies are feasible (Follett et al. 2009b). 
Responsible soil-conserving government 
programs and policies at the national level 
need to continue to support conservation 
and to protect economic and societal ben-
efits, including those accumulated under 
the CRP.

Other USDA programs that encour-
age SOC sequestration (Follett and Reed 
forthcoming) include the Environmental 
Quality Incentives Program (EQIP) estab-
lished in the 1985 farm bill, which provides 
financial assistance to producers to install 
and maintain conservation practices and 
soil, water, and natural resource enhanc-
ing practices on productive agricultural 
lands and systems, including grassland, 
rangeland, pasture land, and lands used 
for livestock production. Locally identi-
fied problems are specifically targeted by 
EQIP, and water quality objectives are 
given priority. In addition, the voluntary 
Conservation Innovation Grants (CIG) 
program awards EQIP funds and technical 
assistance to promote conservation and soil 
enhancement practices—including soil C 
sequestration—on private working lands, 
cropland, grassland, prairie land, improved 
pasture, and rangeland.

The recently enacted Food, 
Conservation and Energy Act of 2008—
i.e., the 2008 farm bill—not only contains 
new programs to help quantify environ-
mental and societal benefits from land 
improvements and enable agricultural pro-
ducers to increase soil C, but also reinforces 
EQIP. The 2008 farm bill also authorizes 
an Environmental Service Markets (ESM) 
program within USDA, which explicitly 
recognizes agriculture’s role in provid-
ing environmental benefits to society and 
can help prepare the sector to participate 
in emerging and existing markets, includ-
ing carbon markets. The 2008 farm bill 
updates and extends the Conservation 
Security Program (CSP), established in 

the 2002 farm bill, and renames it the 
Conservation Stewardship Program. This 
program encourages comprehensive or 
systemwide stewardship of working agri-
cultural lands.

Market-based incentives in support of 
agricultural conservation activities and 
terrestrial C sequestration on public and 
private lands can provide income-gen-
eration potential to accomplish a suite of 
environmental, natural resource, and eco-
system benefits enjoyed by society at large 
as well as the agricultural sector. These 
activities can potentially enhance SOC 
sequestration, and the degree to which 
they occur depends upon both future 
USDA programs and legislative initiatives. 
In the 111th US Congress, the leader-
ship in both the House of Representatives 
and the Senate, with the support from the 
President, has indicated that passing man-
datory legislation to curb US emissions of 
greenhouse gases to help combat climate 
change is of high priority. The House has 
now passed HR 2454 (Waxman-Markey) 
(US House of Representatives 2009). In 
the Senate, committees of jurisdiction 
have begun having hearings on potential 
legislation, with the Senate’s leadership 
promising floor votes on a bill before 
year’s end. It is widely believed the United 
States will enact or implement manda-
tory nationwide greenhouse gas emission 
reductions policies within 1 to 3 years.

atmosPheriC Carbon DioxiDe
The literature about climate change 
largely began in the early 1980s (Ausubel 
1983; Lemon 1983; Waggoner 1983) and 
was accompanied by a broad awakening 
regarding the implications for US agri-
culture (Rosenberg 1982, 1988; Adams 
et al. 1990) and the potential role for soil 
C (Schlesinger 1986). Linkages between 
the soil C pool, global C cycle, and soils 
as a source or sink of atmospheric carbon 
dioxide (CO2) stimulated early discussions 
regarding soil management as a pos-
sible strategy to reduce greenhouse gases 
(Dyson 1977; Jenny 1980). In 1990, then 
USDA Assistant Secretary Hess turned to 
the Council for Agricultural Science and 
Technology to ask on behalf of US farm-
ers and foresters:

• What role does agriculture play in hav-
ing adverse effects upon the climate?

• What should agriculture do to adapt to 
possible climate change?

• What can agriculture do from a posi-
tive standpoint to reduce emissions of 
greenhouse gases?
A subsequent report to USDA (also 

distributed to Congress, the United States 
Environmental Protection Agency, and 
other agencies) served as a resource for 
USDA attendees at the United Nations 
Framework Convention on Climate 
Change in Rio de Janeiro, Brazil in 1992 
(Council for Agricultural Science and 
Technology 1992). The United States 
subsequently became a signatory coun-
try to the United Nations Framework 
Convention on Climate Change treaty. 
Much of the discussion in these early 
communications concerned the potential 
of agricultural systems to sequester C, and 
thereby to help remove some of the pres-
ently most abundant greenhouse gas, CO2, 
from Earth’s atmosphere.

The problem of mitigating the increase 
of CO2 in the Earth’s atmosphere remains 
one of the most pressing modern-day envi-
ronmental issues (Intergovernmental Panel 
on Climate Change 2007). The change in 
atmospheric CO2 from pre-industrial lev-
els of 280 ppm to over 386 ppm today is 
creating concern about managing future 
increases in CO2 and its effect on increasing 
atmospheric temperatures and changing 
weather patterns. CO2 is an important 
greenhouse gas that is exchanged in con-
sequential amounts between terrestrial soil 
C pools and the atmosphere.

The exchange of CO2 from the 
atmosphere into stable C in the soil can 
sequester CO2, and the overall balance of 
this exchange constitutes the net CO2 flux 
of a crop production system. The effect of 
management on net CO2 emission needs 
to be weighed against the impact of these 
changes on system productivity to deter-
mine the most desirable management 
options. Field quantification regarding the 
effects of management on net CO2 emis-
sion (i.e., the net change of SOC stocks) 
is needed across a wide range of soils and 
agroecosystems so that biogeochemical 
models can be improved to permit accu-
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rate description of the impact of changes 
at field to regional scales. 

soil organiC Carbon
Within the United States, numerous 
ecosystems contribute to the exchange 
of atmosphere CO2-C and the SOC in 
the soil. Land area of the United States 
is about 930 Mha (2.3 billion ac), with 
about 263 Mha (650 million ac) as forest-
lands and another 237 Mha (586 million 
ac) of grasslands, pastures, and croplands 
(Lubowski et al. 2006). In this context, 
the USDA National Agricultural Statistics 
Service (2008) reports about 138 Mha 
(340 million ac) of cropland are used for 
crops. The area enrolled in CRP reached 
12.4 Mha (30.6 million ac) in 2008 (figure 
1) (USDA National Agricultural Statistics 
Service 2008). In one of a few regional 
experimental studies (across a 13-state 
region), Follett et al. (2001) reported that 
cropped lands planted to grass cover under 
the CRP sequestered SOC at a rate of 
5.1 Mg C y–1 (5.62 tn yr–1) in the 0 to 20 
cm (0 to 7.9 in) depth across the 5.6 Mha 
(13.8 million ac) represented in the study. 
Though impressive, the reported seques-
tration of SOC across the 13 states likely 
only represented replacement of part of 
the native SOC lost during a long period 
of cropping.

Follett et al. (2009a) extended the 
original sampling and reported on 67 sets 
of data representing 9 Mha (22.2 million 
ac) of native, cropped, and revegetated 
treatments throughout the United States 
(figure 2). The extensive survey provided 
much interesting information, but to use 
the data to estimate the equivalent amount 
of CO2 represented by the observed differ-
ences, the data needed to be area-weighted 
and statistically analyzed.

Figure 3(a) shows the area-weighted 
means of SOC as kg SOC ha per 10 cm 
for the 9 Mha (22.2 million ac) repre-
sented by 21 soil series at the sampling 
sites shown in figure 2. On an area-
weighted basis, 131,890 and 98,470 kg 
SOC ha–1 (117,670 and 87,850 lb SOC 
ac–1) were found in the top 100 cm (39.4 
in) of the native and cropped sites, respec-
tively. Figure 3(b) shows the difference 
by depth increment between the area-
weighed means for the two land uses. The 

vertical axes on the graphs show the mean 
of each depth increment that was sampled. 
Thus, the 0 to 10 cm (0 to 3.9 in) depth 
increment is represented by a point at –5 
cm (–2.0 in), the 10 to 20 cm (3.9 to 7.9 
in) depth increment by a point at –15 cm 
(–5.9 in), and on down to the 60 to 100 
cm (23.6 to 39.4 in) depth being repre-
sented at a point at –80 cm (–31.5 in), but 
as with the 30 to 60 cm (11.8 to 23.6 in) 
depth, representing mass of SOC per 10 
cm (3.9 in) depth units within the 60 to 
100 cm (23.6 to 39.4 in) depth increment 
and likewise for the 60 to 100 cm (23.6 
to 39.4 in) depth increment. The differ-
ence in SOC between the native sites and 
cropped sites (figure 3[b]) was significantly 
different from zero at the 0 to 10 cm (0 
to 3.9 in) and 20 to 30 cm (7.9 to 11.8 
in) (Pr > t = 0.001), the 10 to 20 cm (3.9 
to 11.8 in) (Pr > t = 0.01), and the 30 to 
60 cm (11.8 to 23.6 in) (Pr > t = 0.05) 
depths, respectively. The difference in SOC 
between native minus cropped land for the 
60 to 100 cm (23.6 to 39.4 in) depth was 
not significant.

The area-weighted data in figure 3 are 
for the ~9 Mha (22.2 million ac) repre-
sented and show that 28% and 23% of the 
SOC from the entire 100 cm (39.4 in) 
profile are within the 0 to 10 cm (0 to 
3.9 in) depth increment of the native and 

cropped land use, respectively (figure 3[a]). 
Corresponding values for the 0 to 20 (0 
to 7.9 in) and 0 to 30 cm (0 to 11.8 in) 
depths were 44% and 39% for the native 
and cropped land uses and 59% and 53% 
for the cropped land uses, respectively. 
However, when the metric of the “native 
minus cropped” is used to evaluate the area 
weighted loss of SOC from the 0 to 100 
cm (0 to 39.4 in) depth, 43%, 58%, and 
75% of the total loss is from the 0 to 10 cm 
(0 to 3.9 in), 0 to 20 cm (0 to 7.9 in), and 
0 to 30 cm (0 to 11.8 in) depths, respec-
tively, with the remaining 25% being from 
within the 30 and 100 cm (11.8 to 39.4 
in) depth. These cumulative values support 
reports of soils research data on changes 
in SOC that occur within the top 30 cm 
(11.8 in). These data also emphasize the 
importance of improved soil management 
that controls soil erosion and protects the 
valuable topsoil and its associated SOC, 
nutrients, and other associated soil quality 
factors.

The observed area-weighted average 
decrease of SOC within the 0 to 10 cm (0 
to 3.9 inch) depth (native minus cropped) 
observed was 14,320 kg ha–1 (12,780 lb 
ac–1), a loss that when multiplied by the 9 
Mha (22.2 million ac) of land area repre-
sented is equivalent to a difference of 1.3 
Tg (1.43 million tn) SOC. The weighted 

Figure 2 
Coterminous US map showing location of soil organic carbon sampling sites (Soil 
Survey Division, USDA Natural Resources Conservation Service).
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average decrease within the 0 to 100 cm 
(0 to 39.4 in) depth was 33,430 kg SOC 
ha–1 (29,825 lb SOC ac–1), or equivalent 
to 3.0 Tg (3.31 million tn) SOC across 9 
Mha (22.2 million ac) (table 1). The 9 Mha 
(22.2 million ac) represented by the soil 
series sampled in this study is ~6.5% of the 
137.6 Mha (340 million ac) of cropland 

used for crops in the United States (USDA 
National Agricultural Statistics Service 
2008).

If similar differences exist between 
native versus cropped land across the entire 
137.6 Mha (340 million ac) of US crop-
land, total SOC loss would be equivalent 
to as much as 46 Tg (0.05 Pg; 50.7 million 

tn) SOC, or potentially equivalent to 170 
Tg (0.17 Pg; 187.4 million tn) CO2. There 
is no apparent way to determine rate at 
which net amounts of SOC were lost (or 
gained) since measured differences were 
accumulated over many decades. Neither 
is it possible to know how much of the net 
decrease in SOC resulted from its release 
into the atmosphere as CO2. Because of 
the dynamic exchange of C between the 
soil, the atmosphere, and potentially across 
the landscape, both losses and gains within 
specific sites occur over time as a result 
of the emission of CO2, sequestration of 
atmospheric CO2 where it becomes part 
of the SOM pool, potential additional 
losses or gains from soil erosion or depo-
sition processes, and possible leaching of 
dissolved organic carbon. Regardless, and 
to provide a perspective, the difference 
reported here between native and cropped 
soil data amount to 170.5 Tg (187 mil-
lion tn) difference in CO2 equivalents, an 
amount that is important because such 
an amount can help provide a reservoir 
within which SOC can be re-sequestered 
and contribute to the 32.2 Tg (35.5 mil-
lion tn) CO2 y

–1 offset reported in recent 
greenhouse gas inventories for US crop-
land soils (USDA 2008).

a Future role For soil organiC 
Carbon

The loss of SOC during the 1930s, though 
much less recognized than loss of the 
topsoil, was a critical contributor to the 
devastation of the livelihoods for millions 
of families during that period of time. 
The importance of SOM has been rec-
ognized by farmers and land managers of 
soil productivity ever since the beginning 
of settled agriculture some eight thou-
sand years or more ago. Soil is composed 
of many components including residual 
mineral matter from rock weathering, liv-
ing organisms, the soil organic matter or 
humus that results from the decay of dead 
plants, water, and air. The interaction of a 
soil’s components all contribute to its pro-
ductivity, with perhaps SOC serving as a 
measure of how well a soil can serve the 
various present needs required of it by 
humans.

The contemporary needs for measur-
ing SOC is still focused on agronomic 

Figure 3 
Area weighted means with depth for 30 paired sites for (a) cropped and native sites 
and (b) mass of soil organic carbon of native minus cropped sites.
***, **, *, and n.s. indicate the difference is significance at the 0.001, 0.01, 0.05 con-
fidence level, or not significant, respectively.
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or biomass production and soil fertility. 
Managing the SOC pool for immediate 
needs is based on enhancing agronomic 
production through alteration of the rate 
of SOM mineralization to release essen-
tial plant nutrients. Focusing primarily on 
seasonal crop production may accentuate 
higher microbial activity and associated 
emissions of CO2 and other greenhouse 
gases with a positive feedback on climate 
change. Thus, the environmental impact 
may be negative in terms of climate 
change, soil degradation, and water pol-
lution. Depletion of the SOC pool may 
adversely affect soil quality by decreasing 
soil aggregate stability and lowering soil 
water retention and transmission.

There is increasing recognition of 
numerous ecosystem services that soils and 
SOC provide. Included is climate change 
mitigation through offsetting of carbon 
emissions resulting from fossil fuel com-
bustion and other anthropogenic activities. 
While agronomic or biomass production 
and food security remain important, envi-
ronmental issues and ecosystem services 
are recognized to a greater degree now 

than previously as important national and 
global issues. 

The need to continuously use the soil 
and the need to sustainably manage it has 
been and in the future will be increasingly 
necessary to meet the needs of present and 
future populations. Parametric measures of 
soil C sequestration for immediate needs 
versus future demands (Lal and Follett 
2009) with the overall goals of SOC man-
agement in the future will need to be 
much more focused on long-term sustain-
ability rather than short-term agronomic 
gains (table 2). Rather than the miner-
alization or/and depletion of the SOM 
pool and release of nutrients, there will 
be the need to increase humification and 
accretion of the SOC pool, including the 
immobilization of nutrients and synthe-
sis of organo-mineral complexes. The net 
result of this strategy can be the creation 
of a negative feedback on CO2 emission, 
along with restoration of soil quality and 
enhancement of ecosystem services with 
large and critically important environ-
mental benefits.
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