Chapter 29

Perennial Grasslands Are Essential

for Long Term SOC Storage in the Mollisols
of the North Central USA

Gregg R. Sanford

Abstract Long-term agricultural research sites like the Wisconsin Integrated
Cropping Systems Trial (WICST), with annual and perennial cropping systems
growing alongside rotationally grazed pasture and native prairie plantings, provide
invaluable insight into the carbon sequestration potential of agriculture in the North
Central USA. Analysis of soil organic C (SOC) stocks during the first 20 years of
the WICST study showed that annual row crop agriculture lost 5.5 Mg C ha™!, while
rotationally grazed pasture was a significant sink to 0-60 cm depth (5.1 Mg ha™).
While SOC changes for the Prairie, Conservation Reserve Program planting (CRP),
and forage systems were not significantly different from zero when considered
independently of one another, differences between systems suggest a trend of SOC
accumulation in Prairie and loss in the CRP and forage systems. Carbon stabiliza-
tion and accretion on the fine textured Mollisols of the North Central U.S. may not
be possible, even under agricultural best management practices, without the inclu-
sion of perennial grasses.
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Introduction

Agricultural lands have been promoted as promising and economically viable sinks
for atmospheric C (Conant et al. 2007; Lal 2008). Lal (2004) suggested that the
carbon sequestration potential of agricultural soils for the near future (25-50 years)
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would be modest (50—100 Pg C) but important as it is a functional reservoir for CO,.
Practices such as no-till farming (NT) (West and Post 2002; Huggins et al. 2007),
nitrogen fertilization (Huggins et al. 1998; Nafziger and Dunker 2011), animal and
green manures (Ogle et al. 2005), and increased use of perennials crops (Huggins
et al. 1998; West and Post 2002) have been suggested as ways to manage agricul-
tural lands for carbon storage. There is general agreement that such practices have
beneficial effects on soil carbon status, but long-term soil organic carbon (SOC)
stabilization is dependent on soil texture, mineralogy, and the environment (Kogel-
Knabner et al. 2008; Fierer et al. 2009; Schmidt et al. 2011) making it unlikely that
a standard set of farming practices will have the same beneficial effects when
adopted under diverse edaphic conditions.

There is a growing body of scientific literature that offers contradictory results
related to SOC sequestration under agronomic best management practices (Huggins
et al. 2007; Luo et al. 2010; Sanford et al. 2012). Huggins et al. (2007), in a study
of tillage and crop rotations effects on SOC in southern Minnesota, report losses of
3.7 and 1.6 Mg SOC ha™! for low productivity or aggressively tilled systems and
high productivity or minimally tilled systems respectively. They concluded that
under the best case scenario of highly productive continuous corn and reduced till-
age, stabilization of initial SOC would require reducing decay rates by over 50 % or
doubling C inputs. These findings are supported by those of Sanford et al. (2012)
who showed 20 year losses of SOC in six common Wisconsin agroecosystems
despite the use of agricultural best management practices (NT, perennials, manure).
Luo et al. (2010) in a meta-analysis of 69 paired experiments found that conversion
from conventionally tilled to no-till farming practices affected the distribution, but
not the concentration of SOC (>40 cm) under similar crop rotations.

The Mollisols of the North Central USA account for 85 % of national corn pro-
duction, 25 % of the nation’s SOC stocks (Guo et al. 2006; USDA 2013), and figure
prominently in efforts to re-claim historically depleted SOC reserves. A potential
management strategy for SOC accretion, that does not rely upon annual row crops
or perennial forage rotations, is the re-establishment of grasslands and native prairie
vegetation for agricultural production (forage and biomass). This strategy is gaining
traction as the benefits of rotational grazing are increasingly recognized (Follett and
Reed 2010; Oates et al. 2011) and perennial grasses such as switchgrass (Panicum
virgatum L.), big bluestem (Andropogon gerardii Vitman) and giant miscanthus
(Miscanthus x giganteus Greef & Deuter ex Hodkinson & Renvoize) are promoted
for bioenergy production (Heaton et al. 2008; Hong et al. 2013).

Long-term agricultural research sites like the Wisconsin Integrated Cropping
Systems Trial (WICST), with annual and perennial cropping systems growing
alongside rotationally grazed pasture and native prairie plantings, provide insight
into the carbon sequestration potential of diverse agroecosystems. Recent work at
the WICST demonstrated the importance of pasture grasses in stabilizing SOC in
the 0-30 cm soil depth and the general loss of SOC in well managed annual and
perennial crop rotations (Sanford et al. 2012). To better understand the importance
of perennial grass systems in the SOC dynamics of fine textured Mollisols, two
native species plantings were compared to the three general land cover groups
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(LCGs) of the WICST core trial (grain, forage, and pasture). These native plantings
included a native prairie restoration (Prairie) typical of the vegetation historically
found in southern Wisconsin, and a lower diversity native plant mixture promoted
through the USDA’s Conservation Reserve Program (CRP) for the stabilization of
highly erodible land.

Methods

The Wisconsin Integrated Cropping System Trial (WICST) was initiated in 1989 at
the University of Wisconsin Arlington Agricultural Research Station (43°18'N,
89°20'W), Arlington, WI, USA. Six cropping systems are present in the core trial:
three cash grain, two crop based dairy forage rotations, and one pasture based dairy
system (Posner et al. 1995). In 1989 a cool season grass mix (Kentucky Bluegrass
[Poa pratensis L.], Quackgrass [Elymus repens L. Gould], Smooth Bromegrass
[Bromus inermis Leyss.]) was planted at WICST in 1.2 ha not occupied by the core
trial. In 1998, the cool season grasses were plowed under and the site was planted
to soybeans. The following growing season two native perennial systems were
established. The two systems were (1) a native prairie planting (Prairie: 25 species
mix) and (2) a planting mix typical of those used in the Conservation Reserve
Program (CRP: 6 species mix). Further establishment details can be found in
Simonsen et al. 2002.

Soil sampling and SOC determination (g SOC [kg soil]~! and Mg SOC ha™!) fol-
lowed the same protocols as those outlined in Sanford et al. (2012), as follows: two
time points [1989 & 2009]; 4 soil depths [0-15, 15-30, 30-60, and 60-90 cm]; and
six cores/depth/plot including calculations of equivalent soils mass (Lee et al. 2009).
For the two native plantings (Prairie & CRP) an additional set of soil samples were
collected (0—15 and 15-30 cm only) and analyzed at the time of system establish-
ment (1999).

Analyses were conducted to compare changes in SOC (g kg™! and Mg ha™)
between the three LCGs from the WICST core trial (grain, forage, pasture) and the
two native species plantings (CRP, prairie). The five LCGs analyzed were therefore:
Grain (CS1, CS2, and CS3), Forage (CS4, CS5), Pasture (CS6), CRP, and Prairie.
All statistical analyses were conducted using linear mixed effects models in SAS v
9.3. (see Sanford et al. 2012 for greater detail on statistical methodology).

Results and Discussion

Analysis of changes in SOC (g kg™') revealed significant differences (p<0.05)
between grain, forage, and pasture for each of the four soil profiles analyzed. This
trend held in the analysis of ASOC Mg ha~!. When looking at the grain, forage, and
pasture side by side (Figs. 29.1 and 29.2), with a A=0 reference line, the pasture
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Fig. 29.1 ASOC concentration (1989-2009) comparison of Prairie and CRP plantings to the three
land cover groups in the core WICST trial (Pasture, Forage, & Grain). ASOC values for each
system represent the average change in SOC over the soil horizon analyzed. Error bars represent
90 % confidence limits to test difference of system mean from zero. Letters represent significant
differences between systems within a given depth (Fishers LSD, a=0.1)
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Fig. 29.2 ASOC mass comparison of Prairie and CRP plantings (1989-2009) to the three land
cover groups in the core WICST trial (Pasture, Forage, & Grain). ASOC values for each system
represent the average change in SOC over the soil horizon analyzed. Error bars represent 90 %
confidence limits to test difference of system mean from zero. Letters represent significant
differences between systems within a given depth increment (Fishers LSD, a=0.1)
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and grain differed. The pasture was not only a significant sink of atmospheric CO,
in the surface 0-60 cm profile (Fig. 29.2), when the entire soil profile was consid-
ered it was statistically indistinguishable from zero (Figs. 29.1 and 29.2) indicating
that the Pasture has effectively stabilized SOC over 20 years at WICST. These find-
ings are similar to those reported by Sanford et al. (2012) who showed that pasture
C accumulation was significant in the O—15-cm horizon. Sequestration of SOC in
the surface horizons of the pastures was likely the result of both the quantity and
quality of belowground net primary production. In perennial grass systems like the
rotationally grazed pasture, 80—90 % of the belowground biomass is concentrated in
the surface 30 cm of the soil and is dominated by fine roots (0—2 mm) (Jackson et al.
1996; Rasse et al. 2005).

The opposite trend was observed for grain, where mean SOC losses were signifi-
cant. This was likely the result of limited below ground carbon inputs (DeLuca and
Zabinski 2011), historical SOC losses following the cessation of manure applica-
tion to these fields at the start of WICST (Sanford et al. 2012), and mineralized SOC
loss from tillage (Lal 2008). The pasture and grain were significantly different from
one another in each of the eight profiles studied (Figs. 29.1 and 29.2).

Statistical differences between the prairie, CRP, forage, and pasture LCG’s were
less pronounced and highlight the importance of grassland systems in stabilizing
SOC. The prairie system was similar to pasture followed by the forage LCG. The
CRP was comparable to the grain LCG in all soil profiles considered. Although
mean ASOC values in CRP suggest carbon losses similar to those observed in the
grain LCG this was not statistically significant.

The beneficial effects of a perennial system on SOC accretion are in part related
to the advantages of reduced tillage as well as the fact that perennial plants allocate
greater C resources belowground than annual crops. The influence of belowground
biomass on SOC dynamics cannot be understated, playing a greater role in the long
term stabilization of soil C than inputs from aboveground biomass (Rasse et al.
2005; Katterer et al. 2011). While aboveground productivity in tallgrass prairies
may not differ from that of annual cropping systems, belowground productivity is
far greater than that of annual systems (Guzman and Al-Kaisi 2010; DeLuca and
Zabinski 2011). DeLuca and Zabinski (2011) reported that under tallgrass prairie,
belowground net primary production can range from 8 to 15 Mg ha™! year™ with an
estimated 3—5 Mg ha~! year™! retained in the soil.

The differences observed between Prairie and CRP suggest that species diversity
has played a role in SOC stabilization and accretion at WICST. In the case of both
the prairie and CRP plantings, the plots were in cool season grasses between 1989
and 1997 at which point they were tilled and planted to soybeans for a year prior to
initiation of the native plantings (Simonsen et al. 2002). The SOC values for these
systems therefore represent an 8-year period of C3 grass followed by a period of soil
disturbance, and then a 10-year period of native grasslands. Evaluation of g SOC
(kg soil)™' data from the three time points (1989, 1999, 2009) shows a steady
increase in SOC between 1989 and 1999 in the 0—15 cm horizon, and a steady
decrease in SOC during the same time period in the 15-30 cm horizon (Fig. 29.3).
Following tillage, and upon conversion to prairie and CRP, SOC in the prairie
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system stabilized between 0 and 15 cm and increased between 15 and 30 cm depth.
The trend for CRP was different, with SOC loss occurring between 0 and 15 cm,
and the rate o loss increasing in the 15-30 cm layer. Between 1999 and 2009, the
CRP system changed from being comparable to the prairie to having significantly
lower SOC levels in both the 0-15 and 15-30 cm soil layers (P=0.002 and 0.017,
respectively).

There have been some reports on the enhanced SOC sequestration capabilities of
diverse native systems compared to less diverse systems (e.g. Fornara and Tilman
2008; De Deyn et al. 2011). As species diversity increases, plants make greater use
of the resources in an ecosystem and net productivity (above- and below-ground)
increases (Hector et al. 1999; Spehn et al. 2005; Tilman et al. 2006).

Conclusions

Long-term agricultural research sites provide invaluable insight into the carbon
sequestration potential of diverse agroecosystems. Analysis of SOC stocks during
the first 20 years of WICST showed that annual row crop agriculture lost a signifi-
cant amount of C (=5.5 Mg ha™') while rotationally grazed pasture was a significant
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sink (5.1 Mg ha™'). Prairie, CRP, and forage systems were not significantly differ-
ent from one another, but followed a trend suggesting that the prairie system was
sequestering SOC, while the CRP and forage systems were losing SOC. Differences
between SOC stock in prairie and CRP following establishment in 1999 (p<0.05)
suggest a link between SOC accumulation and plant functional diversity in native
grasslands. Results from this and other similar investigations highlight the impor-
tance of perennial grass systems for maintaining and building SOC stocks. Carbon
stabilization and accretion on the fine textured Mollisols of the North Central U.S.
may not be possible, even under agricultural best management practices, without
the inclusion of perennial grasses.
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