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Abstract

A 12-year cover crops study on the effects on SOC sequestration, storage, retention and loss and
corn and soybean yields was conducted in southern Illinois. The use of cover crops for the main-
tenance and restoration of soil organic carbon (SOC) and soil productivity of previously eroded
soils were evaluated. No-till (NT), chisel plow (CP), and moldboard plow (MP) treatment plots with
and without cover crops were established in 2001. The plot area was on sloping with a moderately
well drained, eroded soil. The average annual corn and soybean yields were statistically the same
for NT, CP, and MP systems with and without cover crops. By 2012, the cover crop treatments had
more SOC stock than that without cover crops for the same soil layer and tillage treatment. The NT,
CP, and MP treatments all sequestered SOC with cover crops. A pre-treatment SOC stock baseline
for rooting zone was used to validate the finding that cover crops sequestered SOC in the topsoil,
subsoil and root zone of the NT, CP and MP treatments during the 12-year study. Additional se-
questered SOC was lost as a result of being transported off of the plots and retained in lower
slopes, transported to the stream or released to atmosphere.
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1. Introduction

Cover crops have been proposed in the US to increase SOC stock of eroded and degraded soils and to sequester
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SOC. The use of cover crops in intensive row crop rotations with different tillage treatments has been found to
sequester SOC [1]. Chappell et al. [2] found that measuring SOC stocks over an entire carbon estimation area
(CEA) over a period of time was a prerequisite to demonstrating that SOC has been stored in the CEA. Only by
measuring the impact of soil erosion, transport and deposition can the true impact of management practice on
SOC be quantified. Where net removal of SOC by soil erosion exceeds net storage due to management, no mea-
sured gain in SOC would be measured even when management practices proving to enhance SOC are imple-
mented [2]. Quantifying SOC movement due to erosion will therefore avoid mistaken assessments of the per-
formance of management practice. It will also encourage adoption of the management practices that store SOC
to be consistent with approaches to soil conservation.

Cover crops are grown to protect the soil from erosion and nutrient loss by either leaching or runoff [3].
Cover crops have been shown to reduce off-site sediment transport [4] [5]. Decline of SOC in agricultural sys-
tems and increased awareness of its importance to global C budgets have accelerated evaluations of land man-
agement impacts on soil C dynamics and storage [6].

The impact of tillage and cover crops on SOC sequestration (net increase) or loss has been the focus of many
studies since these management techniques contribute to atmospheric C loss or sequestration. Olson et al. [1]
found cover crops did not affect crop yields but did increase SOC stocks in the root zone for all tillage treat-
ments. In an attempt to further document the long-term impacts of cover crops this study was extended for 4 ad-
ditional years. The objectives of the second phase were to evaluate the long-term effects of: 1) cover crops on
SOC sequestration rate as a result of 12-year of cover crops on NT, CP, and MP tillage systems, 2) the effects of
cover crops on long-term corn and soybean yields, and 3) the effect of cover crops on maintenance and restora-
tion of SOC stock and soil productivity of previously eroded soils in southern Illinois.

2. Materials and Methods

A cover crop experiment was established in 2001 at the Dixon Springs Agricultural Research Center in southern
Illinois. The soil at the study site was a moderately eroded phase of Grantsburg silt loam (fine-silty, mixed,
mesic Typic Fragiudalf) [7] with an average depth of 64 cm to a root-restricting fragipan. The area with an av-
erage slope of 6 percent had been in a tillage experiment for 12 years prior to the start of this 2" phase of the
experiment in 2001. Three tillage treatments, NT, CP, and MP were divided and half with cover crops and half
without. Starting with corn in 2001, corn and soybean were grown in alternate years. The experimental design
was two Complete Latin Squares and each square having three rows and three columns [8] that allowed for ran-
domization of the NT, CP, and MP with 6 replications treatments both by block (row) and by column (Figure 1).
Random variability in both directions was controlled by this replication. Each tillage treatment was randomized
six times in 18 plots with a size of 9 m x 12 m and the plots were half of each plot was with or without cover
crops. The columns were separated with 6 m buffer strips of sod. There was a 60 m wide filter strip between the
plot area and the drainage way.

In the spring of each year the MP and CP plots were moldboard and chisel plowed followed by disking twice
and planting. In even numbered years soybean was planted at 432,000 seeds-ha * with no fertilizer. In odd num-
bered years corn was planted at the seeding rate of 64,000 seeds-ha * with fertilizers of 218 kg-ha * N, 55 kg-ha *
P, and 232 kg-ha * K. Chemical weed control practices were utilized during the study.

The cover crops used were hairy vetch and cereal rye. After soybean harvest the hairy vetch was seeded in the
fall and was burned in the following spring just before planting corn. The cereal rye was seeded in the fall after
corn harvest and burned in the spring before planting soybeans. These cover crops reduced soil erosion and
helped retain the SOC rich sediment in the plot area and contributed to the biomass (tops and roots) returned to
the soils and both contributed to increased net SOC stocks. The plot area is located in the southern tip of Illinois
with a longer growing season than central or northern Illinois which made it easier to establish the hairy vetch
and cereal rye and create more biomass before the cover crops were chemically burned in the spring to return
residue and roots to the soil.

Olson [9] and Olson et al. [10] recommended the SOC sequestration protocol used to determine SOC seques-
tration amount and rate. A line-transect method [11] was used to determine the percentage covered by surface
residue. The soil loss rates were calculated using and RUSLE 2 [12] and USLE [13]. Plant population for the
center 0.001 ha of each plot was determined by counting at 25 days after planting. As part of this study the corn
and soybean yield and plant population data from 2002 to 2012 were collected.
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Figure 1. Experimental design used at Dixon Springs with 6 replications of 3
tillage systems. The 18 plots were split at random with half of each planted to
cover crops and half without cover crops.

2.1. Field and Laboratory Methods

Soil samples were collected in August of 2000 (the year before the cover crops were established) and in June of
2012 at depths of 0 to 5, 5 to 15, 15 to 30, 30 to 45, 45 to 60, and 60 to 75 cm for SOC determination. These
sample layers were combined to represent the topsoil (0 - 15 cm) the subsoil (15 - 75 cm) and root zone (0 - 75
cm). The sampling depth was limited due to the presence of a root restricting fragipan at a 75 cm depth. Previ-
ous soil sampling found only trace amounts of SOC present below the 75 cm depth, probably from previous
grass roots penetrating the fragipan along the prism faces. Four soil cores, one from near each of the four corners
of the plot (1.5 m from adjacent, above or below plot, and 1.5 m from border strip), were obtained for each
depth and composited by crumbling and mixing. The samples were air-dried and pulverized to pass through a
2-mm sieve prior to analysis. Field moist core bulk density was determined [14] using a Model 200 soil core
sampler manufactured by Soil Moisture Equipment Corp. The SOC stock was determined after removal of un-
decomposed plant residue using the modified acid-dichromate organic carbon procedure 6A1 [15].

2.2. Statistical Methods

Statistical analyses for all parameters were performed using the procedures from Statistical Analysis System
(SAS) computer software [16]. Analysis of variance and least square means of crop yield, plant population, SOC
and bulk density variables were performed by General Linear Model (GLM) procedures. An LSD procedure was
used at the P = 0.05 level to determine if there were significant SOC differences between cover crop treatments
on each tillage system for the same date and depth.

3. Results

On Grantsburg soil with 5 - 7 percent slopes, the estimated annual soil loss (Table 1), measured with USLE and
RUSLE?2, were 8.1, 22.4, and 30.1 Mg-ha * with the NT, CP and MP systems without cover crops and 6.2, 18.6,
and 24.3 Mg-ha* with cover crops respectively. The higher the percentage of crop residue (Table 1) on the soil
surface with the NT system protected the soil from erosion keeping it below the tolerance level of 8.4
Mg-ha t-yr %, Rill erosion was observed with the MP and CP systems with and without cover crops due in part to
lower residue on soil surface compared with the NT system with or without cover crop. The amount of SOC
transported per year from the plots by soil erosion is provided by tillage treatment with and without cover crops.

The SOC contents of the Grantsburg of the tillage plots are provided in Table 2. To establish the baseline
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Table 1. Effects of cover crops on tillage system residues after planting and soil loss at Dixon Springs. The residue in even
years was from previous year corn and in odd years was from soybean.

Tillage™ Cover 2004 2005 2006 2007 2011 2012 Soil loss*  SOC loss*
Residue present from previous crop (%) cover Mg/ha Mag/halyr
Cover crop effect by tillage treatment
NT Yes 95a 88a 95a 84a 76a 9la 6.2a 0.10a
NT No 92a” 85a 90a 78a 72a 85a 8.1a 0.13a
CP Yes 29 24a 30a 25a 23a 3la 18.6a 0.30a
CP No 23a 18a 24a 21a 17a 26a 22.4a 0.37a
MP Yes l4a 10a 12a 15a 8a 1la 24.3a 0.40a
MP No 9a 5a 8a 10a 4a Ta 30.1a 0.50a

“For each tillage treatment and year, means with and without cover crop means followed by the same letter are not significantly different at the P =
0.05 probablility level. *Soil loss is calculated by Universal Soil Loss Equation (USLE) and RUSLE2. SOC content assumes the SOC in the sediment
is equal to the SOC content of the topsoil. “NT = no-tillage; CP = chisel plow; MP = moldbard plow.

Table 2. Use of pre-treatment 2000 SOC stock values for each plot as baseline to determine the total SOC change in 12-year
of cover crops for the Grantsburg soils.

12-year tillage effect on  12-year tillage effect

September 2000  June 2012 SOC total change by  on SOC total change el il

Cover crop by

tillage treatment CEER SOC stock SOC stock treatment using 2000 by treatment using B S0
baseline 2000 baseline2 FEIEE @ ClEnE
cm Mg C/ha/layer Mg C/ha/layer Mg C/ha/layer % change Mg C/ha/layer/yr
No-tillage (NT)
Yes 0-15 26.82" 31.7a" 5 19 0.42
15-75 20.2a 29.5a 9.3 46 0.78
0-75 (all) 47.0a 61.1a 143 30 121
No 0-15 26.8a" 26.30" -0.5 -2 —0.04
15-75 20.2a 24.6b 4.4 22 0.36
0-75 (all) 47.0a 50.9b 3.9 8 0.33
C grain from 0-15 5.4 0.46
cover crop 15-75 4.9 0.32
0-75 (all) 10.2 0.88
Chisel plow (CP)
Yes 0-15 25.0a 23.7a -1.3 -5 -0.11
15-75 18.7a 24.2a 55 29 0.46
0-75 (all) 43.7a 47.9a 4.2 10 0.35
No 0-15 25.0a 20.3b —4.7 -19 -0.39
15-75 18.7a 21.7b 3 16 0.25
0-75 (all) 43.7a 42.0b -17 -4 -0.14
C grain from 0-15 34 0.28
cover crop 15-75 25 0.21
0-75 (all) 5.9 0.49
Moldboard plow
(MP)
Yes 0-15 19.9a 18.9a -1 -5 —0.08
15-75 17.8a 25.4a 7.6 36 0.63
0-75 (all) 37.7a 44.3a 6.6 14 0.55
No 0-15 19.9a 18.9a —0.09
15-75 17.8a 24.3a 0.54
0-75 (all) 37.7a 43.2a 0.45
C grain from 0-15 0 0.01
cover crop 15-75 11 0.09
0-75 (all) 1.2 0.1

“Mean of three replications with the same letter and in the same year, same tillage treatment and depth with and without cover crops are significantly

different at 0.05 probability level.
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SOC stock values for the root zone of the plot area, measurements were taken in the fall of 2000 from the pro-
posed tillage treatment plot area and prior to the application of the split plot cover crop treatment. Using the
proposed experimental design the SOC values shown in Table 2 by treatment for September 2000 represent the
mean values of the proposed locations of the 6 NT, 6 CP, and 6 MP plots. The SOC was initially determined by
volume (Mg-layer*) for the 0 to 5, 5 to 15, 15 to 30, 30 to 45, 45 to 60, and 60 to 75 cm layers and combined
into 0 - 15 c¢cm (topsoil), 15 - 75 cm (subsoil) and root zone (0 - 75 cm) layers. This SOC stock was reported in
Table 2. There were differences between tillage treatments in mean SOC stocks (Table 2) for topsoil, subsoil
and root zone (above fragipan) in year 2000. The SOC stock of the combined layers (0 - 75 cm) of MP treatment
was significantly lower (37.7 Mg-layer %) than the NT (47.0 Mg-layer %) and CP (43.7 Mg-layer ) treatments at
start of study. Table 2 shows the SOC stock for the 3 soil layers of the cover crop experiment in year 2012. Sig-
nificant SOC stock differences between plots with and without a cover crop (Table 2, column 6) for NT and CP
for the 0 to 75 cm layer were noted. In the MP treatment the SOC of the combined 0 - 75 cm with and without
cover crops was not significantly different. By June of 2012, the cover crop effect for NT resulted in the SOC
stock being greater in the 0 - 15, 15 - 75, and 0 - 75 cm layers (Table 2, column 6) when compared to NT plots
without cover crops.

It should be noted that for the NT treatment with cover crops that the SOC stock were higher (47.0 vs. 61.1
Mg-layer ) after 12-year of cover crop treatment than prior to start of cover crop experiment (year 2000). This
suggests that SOC stock losses from water erosion and some disturbance or mixing during NT planting, aeration,
nitrogen injection disturbance in corn years and mineralization were less than the SOC gain from the cover crop
treatment. The NT system with cover crops did maintained SOC levels and did sequester (increase) SOC (when
compared to pre-treatment baseline SOC stock in 2000). For the CP treatment with the cover crops the gain in
SOC in the 0 - 15 cm layer (Table 2, columns 5 and 6) was offset by SOC stock loss resulting from years of
tillage and erosion. The CP treatment root zone (0 - 75 cm) with cover crop SOC increased from 43.7 to 47.9
Mg-C-layer * while the MP with cover crops for twelve years had the SOC stock for the 0 - 75 cm layer in-
creased from 37.7 to 44.3 Mg-C-layer *. For the CP and MP treatments, cover crops helped reduce the rate of
SOC stock loss as a result of tillage (aeration) associated with corn and soybean production and soil erosion and
was able to maintain the 2000 baseline SOC stock levels from before the cover crop treatments were applied.

By 2012, the CP treatments topsoil and rooting zone without cover crops showed SOC stock loss of —4.7 and
—1.7 Mg-C-ha ! when compared to 2000 baseline NT systems for 0 - 15 and 0 - 75 cm soil layers (Table 2,
column 6). The NT and MP topsoil did lose SOC stock (0.5 and —1.1 Mg-C-ha™*) during the 12 years of the
experiment. The differences in SOC stocks between treatments in the tillage zones were attributed to the effects
of management on erosion, disturbance, aeration, mineralization and residue incorporation.

By 2012, as a result of years of tillage and corn-soybean production, the SOC on a volume basis in the root
zone was greater in NT system with and without cover vs. the CP and MP systems (Table 2, column 5). In the 0
to 15 cm layer, the NT had higher SOC stocks in the surface layer than CP and MP with and without cover crop
treatments. This may have been due to the reduced decomposition rate, as a consequence of less soil residue
contact, less aeration, and lower soil temperature in NT. The greater SOC stock in the NT system also was result
of less soil erosion due to more residues on the soil surface Table 1, column 9. Loss of macro-aggregates and
SOC could make the tilled soil more vulnerable to water erosion because of a reduction in its slaking resistance.

The CP with cover crops had more SOC stock in the surface layer than MP plots with cover crops in 2012
apparently due to better mixing of the residue into the surface layer of the MP treatment. SOC stocks in the
whole soil changed 8%, —4%, and 14% in the NT, CP and MP systems without cover crops when compared with
the 2000 pre-treatment baseline levels so there was SOC sequestration in the NT and MP root zones. With the
addition of cover crops to all treatments, the SOC stock gains were 30%, 10%, and 18% respectively. Twelve
years of cover crops were effective in restoring and sequestrating SOC for all treatments.

The SOC stock gains from cover crops vs. no cover crop on NT, CP and MP was provided in Table 2, col-
umn 5. The NT, CP and MP systems had +10.2, +5.9 and +5.5 Mg-C-ha * more SOC stock in the 0 - 75 cm layer
(root zone). This increase in SOC stock due to cover crops was not necessarily sequestered SOC since they were
not validated (compared to the 2000 pre-treatment baseline SOC levels).

The cover crop treatment for each tillage system in Table 2, column 7 did offset the SOC stock loses from CP
systems and resulted in gains for the NT, CP, and MP systems of +1.21 Mg-C-ha “-layer™year !, +0.35
Mg-C-ha *layer*-year !, and +0.55 Mg-C-ha “-layeryear *, respectively. The NT system with cover crops and
without cover crops sequestered the most SOC when compared to the pre-treatment 2000 baseline SOC stock.

288
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The difference between NT rate of change was +0.88 Mg-C-ha *layer “-year * for cover crops, +0.49
Mg-C-ha *layer *-year * for CP and +0.10 Mg-C-ha *layer *-year * for MP.

The effects of 12 years of cover crops and sediment collection on the SOC stocks (Mg-ha *layer-year™ or
layer thickness x 100 m x 100 m) retained on the lower slope landscape position are shown in Table 3. The
calculations assume that most or all of the SOC remains attached to the sediment and 50% to 70% of SOC rich
sediment is retained in the border and filter strips. Any SOC dissolved in runoff water and not attached to sedi-
ment would be delivered to the stream. The mass of the SOC dissolved in the runoff water is not known. How-
ever, the mass of the dissolved SOC is probably rather small when compared to the amount of SOC attached to
sediment particles. This dissolved SOC will most likely be quickly returned from the water to the atmosphere as
either methane gas or carbon dioxide. The sediment rich in SOC is deposited in the border strips and filter strip
located on the lower slope and between the plots and stream. The SOC stored on the lower slope includes both
the SOC stored or retained on the cover crop plots and the sediment retained in the border and filter strips.

All treatments with and without cover crops did store and retain transported SOC (Table 1, column 10) in the
filter and border strips at the rate of 0.09, 0.07, 0.26, 0.21, 0.35 and 0.28 Mg-C-ha *layer™year * of SOC (Table 3).
The SOC retained on the upland in the filter and border strips is not counted as sequestered SOC for the plot
area since it was transported off the plot area but it does still retain the SOC and keeps most of it from getting
into the water or atmosphere which reduces the CO, release to the atmosphere directly or via the water. This
sediment rich in SOC was deposited on the uplands (50% to 70%) [17], in water (10 to 30%) or goes to the at-
mosphere (20%). The CP without cover crops did not sequester SOC (=0.14 Mg-ha *layeryear™) in the root
zone but the MP and NT did (Table 3). The amount of sediment rich in SOC retained on the lower slope was the
greatest for MP without cover crops since it had the greatest soil loss (30.1 Mg-ha *-year *) and sediment depo-
sition into the filter and border strips. Cover crops reduced soil loss to 24.3 Mg-ha “-year ™. It appears from the
sediment build-up on the footslopes during the past 12 years that most of the SOC rich sediments are still being
retained and not immediately going into the stream or atmosphere.

From 2001 to 2012, each tillage treatments (NT, CP and MP) with and without cover crops had statistically
similar corn or soybean populations in all 12 years (Table 4). Rainfall data for the 2001-2012 growing seasons
are shown in Table 5. From 2002 to 2012, cover crops had no affected soybean yields in 2002 and 2006 (CP
was significantly greater without cover crops) and did not affect corn yields (Table 6). However, the annual av-
erage soybean and the annual average corn yields with and without cover crops for all 3 tillage treatments were
not significantly different (Table 6).

4. Discussion

During the 12-year experiment, the SOC stocks in the tillage zone, the subsoil and for the entire root zone in-
creased by 2012 under the NT, CP and MP systems with cover crops. By 2012, cover crop treatments raised
SOC stocks of the tillage zone, subsoil, and rooting zone of all tillage treatments. Using the pre-treatment base

Table 3. Effects after twelve years of cover crops, tillage and sediment retention on SOC content (Mg-C-ha *layer* or layer
thickness x 100 m x 100 m) retained on the upland landscape (on the plots, in the sediment trapped in the border and filter
strips or sod waterway).

SOC deposited as sediment and
retained in border and filter and
sod waterway (70% sediment

Tillage effect with or without
Treatment” Cover crops Depth cover crop SOC sequestration or
loss in root zone 2000-2012

retention)
6 replications cm Mg-C/ha/layer/yr Mg-C/ha/layer/yr
NT Yes 0-75 1.21 0.07
NT No 0-75 0.33 0.09
CP Yes 0-75 0.35 0.21
CP No 0-75 -0.14 0.26
MP Yes 0-75 0.55 0.28
MP No 0-75 0.45 0.35

*NT = no-tillage; CP = chisel plow; MP = moldbard plow.
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Table 4. Soybean and corn population with and without cover crops at Dixon Springs, Illinois tillage plots.

Year Cover 2002 2004 2006 2008 2010 2012 6-year
Tillage Crop Average
Treatment Soybean 1000 plants/ha
NT yes 298a" 253a 330a 270b 291a 166a 271a
NT no 293a 240a 320a 310a 297a 170a 272a
CP yes 380a 233a 400a 398a 284a 124a 304a
cpP no 393a 228a 363a 390a 274a 128a 298a
MP yes 403a 245a 415a 333a 290a 96a 304a
MP no 420a 255a 388a 360a 286a 100a 302a
Year Cover 2001 2003 2005 2007 2009 2011 6-year
Tillage Crop Average
Treatment Corn 1000 plants/ha
NT yes 65a 6la 72a 66a 69a 76a 68a
NT no 63a 60a 7la 68a 65a 75a 67a
CP yes 58a 60a 76a 68a 66a 66a 65a
CP no 56a 6la 76a 68a 66a 69a 66a
MP yes 64a 6la 68a 66a 68a 6la 65a
MP no 68a 60a 69a 68a 64a 62a 65a

“Values with and without cover crops in the same tillage treatment and year followed by the same latter are not significantly different at the 0.05
probability level. NT = no-tillage; CP = chisel plow; MP = moldbard plow.

Table 5. Rainfall data during the growing seasons from 2001-2012 at Dixon Springs in Southern Illinois.

. September Growing season

Year April (cm) May (cm) June (cm) July (cm) August (cm) Growingseason (cm) (c?n)
2001 6 8.4 9.3 15.9 9.8 9.3 58.7
2002 19 24.7 3.1 5.1 7.2 18.8 77.9
2003 124 32.2 11.9 4 135 12.6 86.6
2004 6.5 135 5.4 8.1 4.8 0 383
2005 10 4.7 6.5 10.8 18.2 6.8 57
2006 75 10.2 7 21.3 7.7 21.3 75
2007 8.2 7.3 7.1 9.9 45 7.4 444
2008 11.6 6.6 5.8 11.6 7 3.2 45.8
2009 12.9 20 9.9 34.7 9.4 13.2 100.1
2010 8.8 12 105 6.8 9.2 85 55.8
2011 35.3 21.4 20.6 111 7.8 16.6 112.8
2012 33 1.6 3 9.4 6.7 13.2 37.2

2001-2012

Average 11.8 13.6 8.4 124 8.6 10.1 64.9
30-year

Average 12.3 13.9 10.3 10.2 8.3 9.4 64.4

line 2000 SOC stocks NT, CP and MP with cover crops sequestered SOC in root zone.

To determine whether SOC sequestration has occurred, it is critical that researchers establish the baseline
SOC stock prior to any treatment applications including cover crops. NT, CP and MP treatments with cover
crops did sequester and maintained more SOC stock above the 2000 pre-treatment baseline levels. The SOC
gains from cover crops were equal to or more than any loss from any disturbance or mixing during planting, ni-
trogen injection in corn years and erosion during corn and soybean production. SOC sequestration occurred in
root zone (0 - 75 cm) for all of the tillage treatments with cover crops which were compared with 2000
pre-treatment SOC stock levels (baseline) which validated the findings.
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Table 6. Soybean and corn yields of tillage systems with and without cover crops at Dixon Springs, Illinois.

Year Cover 2002 2004 2006 2008 2010 2012 6-year
Tillage Crop Average
Treatment” Soybean Mg/ha
NT yes 2.24a" Oa 2.90a 3.10a 2.86a 2.87a 2.23a
NT no 2.37a Oa 3.17a 2.84a 2.94a 2.65a 2.33a
CP yes 1.78a Oa 2.84a 2.90a 2.53a 2.16a 2.04a
CP no 2.07a Oa 3.37a 2.84a 2.79 1.96a 2.17a
MP yes 1.98a Oa 3.30a 3.04a 2.75a 1.71a 2.13a
MP no 1.98a Oa 3.10a 3.04a 2.88a 1.82a 2.14a
Year Cover 2001 2003 2005 2007 2009 2011 6-year
Tillage Crop Average
Treatment Corn Mg/ha
NT yes 9.53a 6.86a 11.40a 6.20a 12.33a 6.10a 9.10a
NT no 9.93a 6.67a 11.44a 6.46a 13.13a 6.13a 9.41a
CP yes 9.30a 7.13a 11.63a 6.73a 12.64a 7.03a 9.54a
CcpP no 9.90a 7.33a 11.86a 6.80a 13.61a 6.85a 9.85a
MP yes 10.2a 8.45a 12.04a 6.73a 13.97a 6.49a 9.64a
MP no 10.4a 7.72a 11.42a 6.80a 14.03a 7.68b 9.76a

“Values with and without cover crops in the same tillage treatment and year followed by the same latter are not significantly different at the 0.05
probability level. “NT = no-tillage; CP = chisel plow; MP = moldbard plow.

The NT, CP and MP treatments with cover crops did sequester SOC in the root zone for all layers. Once SOC
rich sediment leaves the plot the SOC is no longer considered sequestered SOC [9] [10] since SOC left the plot
area and it is then deposited on the lower slope, enters the water or goes to the atmosphere. The SOC rich re-
tained sediment from cover crop lots and deposited in the border and filter strips on the lower slope is trans-
ported, previously stored SOC and is no longer considered sequestered SOC after it leaves the plot area. How-
ever, the transported SOC can be retained as deposited sediments on the lower slopes and not initially returned
to the atmosphere or water which could help in reducing CO, emissions to the atmosphere.

The 12-year average annual corn and soybean yields were statistically the same for NT, CP, and MP systems
with and without cover crops. After 12 years of SOC stock increase in the 3 tillage treatments with cover crops,
the crop yields were slightly lower for all tillage treatments. Twelve years of cover crops did sequester SOC but
did not enhance crop yields.
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