and Changes in Soil Organi
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Crop biomass has been proposed as a source stock for bioethanol p
to prevene degradation of soil physical and chemical properties resu

Crop Management Effects on Crop Residue Production

¢ Carbon in the Central Great Plains

orson, David Christopher Nielsen,

roduction. Levels of crop residue removal muse be decermined
leing from soil arganic carbon (SOC) loss. Carbon inpucs from

crop residues and an estimare ofinputs from roocs and thizodeposition (Cmum) were calculated and compared with changesin SOC
after seven cropping seasons at Akron, CO. Tillage treatments included 4 chisel plow (CP) and a no-till (NT) treacment. A crop

rotation altemating grasses and broadleafcrops was compared with

continuous corn (Zea mays L.}, Irrigation treavments included

water application to meet ¢vapotranspiration demand or application only during the reproductive stage of each crop. Total Ciirurn
varied from 2% Mg ha™} for che defayed irrigation, crop rotation plots to 63 Mg ha! for the tully irrigated, continuous corn plots.

The change in SOC in the su rface 30 cm of soil varied from ~-0.8 Mg

SOC ha! for the rotation plotsto a gain of 2.8 Mg ha! for the

continuous corn plots afrer 7 yr. Correlating crop residue input with change in SOC showed thar about 4.6 Mg ha-! yr! Crecarn 18
nceded to maintain SOC levels for NT cropping systems and an average of 7.4 Mg ha~! yr-! Crerurn is needed to maincain SOC levels
under chisel tillage. Continuous corn was the only system thar consistently provided sufficient crop residue to maintain SOC levels.

T HERE ARE INCREASINGLY competitive pressures to
make use of crop residues chat remain after the harvest of
grain in many agriculeural crops. High energy prices and che
projected shortage of fossil fuels over che next 50 yr have led to
interest in replacing some of the fossil fuel energy needs wich
renewable biofuels. The amounts of crop residue and waste prod-
ucts from agricultural processi ngase large. Kim and Dale (2004)
estimated chat potential global bioethanol production could
replace up to 33% of global gasoline consumption. Corn crop
residue has been proposed as a source stock tor biotuel production
in North America, potentially providing 38.4 GL yr™! of ethanol.
Crop residues are one component of a biotucls policy thac also
includes perennial plants grown for cnergy production, forest resi-
dues, and municipal and industrial wastes (Tilman et al., 2009)
The use of crop residues and crop waste for energy production
removes the use of these produces for maintaining soil organic
matter. Soil organic carbon is considered a key component in
remaoving CO, from the atmosphere to decrease greenhouse
Bgas emisstons and mitigace global climate change ((lhrist()phcr
et al., 2009). Benehies of increasing SOC include sequestering
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atmospheric CO,; aswell as improving soil physical, chemical,
and biological properties of soils. Lal (2009) discourages the use
of crop residues for energy production. He cites several reasons
to return crop residues to che field including: (i) recycling plane
nurrients, (ii) carbon sequestration, (iti) improving soil physical
properties such as soil structure and water retention and trans-
mission. (iv) enhancing soil fauna, (v) improving water infilera-
tion, (vi) controlling water runoff, {vii} conserving water in che
root zone, and {viii) sustaining agronomic productiviey.

The effectivencss of increasing SOC in soil by changing crop-
pingand tillage systems appears o vary among different regions
in the United States. In 2 study conducted in Indiana, Ohio, and
Pennsylvania Chriscopher et al, (2009) reported chat in some
soils, NT increased SOC while in other soils conventional man-
agement increased SOC. Reasons for the mixed resules were not
apparent. In the central Great Plains, seudies have shown that NT
systems increased SOC more than cilled syseems {Six et al., 1999,
2000: Mikha and Rice, 2004), bue these studies generally exam.-
ined the change in SOC in the 0 1o § or 0 tolS em soil depths.
McVay e al. (2006), for instance, showed a greater increase in
SOCinthe Oto $ am depth tfor NT than sweep tillage. buc no
differences in when averaged over the U to 15 ¢m depth,

"The coneribution of the Crop root system to formation and
increase of SOC is important when considering the selection of 2
LFOp rotation in a cropping system. Barber (1979) estimated thae
Bto 1% of corn stalk residue was transformed into SOC while ae
least 18% of corn roots was eranstormed into SOC. A llmaras et
al. 2004} showed that measurement of the quantity of plant roots
alone underestimates the roll of roots in formation of SOC. They

——— -
Abbreviations: CC contingous COrn; (f};m", carhon concent of che gram; (‘,m,
carbon content of che <rop restdue; Creruen carbon rerurned, Coop fo0 and
thizodeposition carbon, P chisel plow: NT, noal] svatem: Roc rotaton:
SIC souf mnorgansc carbon; SOC, wnl organic carbon; TSC tacal sonl carbon,
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Table 1. Details of cropping history for rotations, 200! to 2007,

Year Rotationt Crop Yariety Row spacing Population N-P-K-Zn
m seads ha~! kg ha™!

2001 cC corn Dekalb DK 493 0.8 80,000 160~22-0-0
Rot bean Red Kidney 08 250,000 45-22-0-0

2002 cC corn Dekalt DK 493 08 80,000 160-22-0--0
Rot barley Coors C56 0.18 41 kg ha™! 68~34-0-0

2003 cc corn NK N42-87 08 86,000 215-22-0-0
Rot sunflower Triumph 567 0.8 70,000 34-22-0-0

2004 cC corn Laser L62.C2 08 86,000 215-22-0-0.6

Rot corn Laser L62-C2 08 86,000 215-22-0-0.6

2005 cc corn N§5-C5 08 86,000 25-22-0-0.6
Rot pea Arvika 0.18 1.4 x |08 18-34-0-0

2006 cc corn NK N70-C7RR 08 86,000 215-22-0-0.6
Rot wheat Jaguleene 0.18 44 kg ha! 68-34-0-0

2007 cc corn NK N51-Cl 08 86,000 215-22-0-0.6
Rot sunfower Triumph 567 08 70,000 34-22-0-0

t Abbreviations for rotation include continuous corn (CC) and crop rotation (Ro

noted that rhizodeposition in the field is a large contributor to the
total C cycle and must be included in che analysis at che field level.
Johnson et al. (2006) summarized the contributions of different
plant pares from differenc plane specics to SOC and gave guide-
lines for including the contributions of plant roots and thizodepo-
sition to the total C cycle when analyzing changes in SOC.,

Under dryland conditions in che central Great Plains of the
United States increasing cropping intensity has potencial for
increasing SOC stocks due to increased residuc inputs (Peter-
son et al., 1998; Halvorson et al., 1999, Benjamin e al,, 2008).
Itis expected thar, under irrigation, an even greater increase
in SOC could be attained because of the greater productiv-
ity of irrigated systems compared with dryland systems in
this climate (Halvorson et al., 2009; Halvorson and Johnson,
2009). However, irrigation may also increase C mineralization,
leading to no net gain in sequestered C.

The objectives of this study were to determine: (i) changes
in SOC with varying levels of C additions from crop residues
and root biomass and (i) the level of crop residuc removal that
could be sustained without loss of SOC from che soil.

MATERIALS AND METHODS

The study was conducted at the USDA-ARS Cenceral Great
Plains Research Seation near Akron, CO {(40°8" N, 103°9" W/,
clevation 1384 m). The research station location is wichin a
semiarid climate with approximately 40 cm mean annual precipi-
tation. The soil is a Weld sile loam {(fine, smectitic, mesic Aridic
Argiustolls). This soil has a silt loam Ap horizon from about 0 to
12 em with fine granular structure. A siley clay loam Bel horizon
with fine to medium subangular blocky structure extends from
about 12 to 24 cm with a smooth boundary to asilty clay loam
Bt2 horizon, also with fine to medium subangular blocky struc-
ture to about 41 cm. A silty clay loam Btk horizon with fine to
medium subangular blocky structure extends to about 64 e,

The irrigation-tillage-crop rotation experiment starced in 2001,
The experiment was organized as a split-plot design with three
replications. Plots were 18 by 9 m. The main plot was an irrigation
treacment of either full or delayed irrigation. In the full irrigation
treatment irrigation water was applied weekly with a lateral move
irrigation system. Irrigation rates were based on calculated crop

. .
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specific evapotranspiration demands (ET) (Allen, 2000; Allen ex
al.. 1998; Niclsen and Hinkle, 1996 Jensen et al., 1990). Credit
was given for any rainfall that week. In the delayed irrigation
treatment, water was not applied during the crop’s vegetative
growth stages. During reproductive stages, water was applied at
the calculated rate for the fully irrigated plots. Due to dry overall
soil conditions in 2004, all plots were tully irrigated.

Crop rotation and tillage subplots were randomized within the
main irrigation plots. A N'T consisted of directly planting into the
previous crop residues. A CP system consisted of a fall CP opera-
tion 0.35 m decp with a parabolic-shank deep ripper, The shanks
on the ripper had 0.6-m centers. The tillage was followed in the
spring by one or two passes wich a mulch treader to break up clods
and smooth the soil surface in preparation for planting. Depth of
operation of the mulch treader was approximately 50 mm. Two
crop ratations were used in a factorial arrangement with tillage.
One rotation (CC) consisted of continuous corn production. The
other rotation (Rot) consisted of a variety of crops, alternating
broadleaf and grass species, with the potential to use less irrigation
water than corn. Rotation plots grew red kidney bean (Phaseolus
vulgaris L) in 2001, spring barley (Hordeum valgare 1) in 2002,
sunflower (Helianthus annuus L) in 2003, corn in 2004, spring
pea (Pisum sativim L) in 2005, winter wheat (Triticum aestivam
L)) in 2006, and sunflower in 2007, Details of che cropping his-
tory and management are shown in Table 1. Previous cropping
history on the plot area was continuous corn production under
irrigation since at feast 1997, No controlled machinery traffic
pattern was imposed previously. For this experiment plot size and
machinery working widths was such that the wheel tracks for
tield operations followed a controlled wheel craffic pattern.

Sotl samples were collected in che spring of 2001 in non-
tracked areas before planting for SOC analysis. Samples were
collected usinga S cm diam. probe on a Giddings' hydraulic
soil sampler (Giddings Machine Co., Windsor. CO) from the
0 tolS and 15 to 30 cm depehs. Three subsamples per plot were
composited for the main sample. Separate samples were col-
lected for bulk density (py) determination using the Giddings

"Mention ofspccx’ﬁc brand names are for informational
purposes only and do not denote an endorsement of that brand
over other, similar brands.
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Table 2. Rainfall and irrigation for the growing season of crops
in this study

Year  Crop  \THRON gy irrigation Total
,,,,,,,,, om

2001 corn full 322 323 4.5
delayed 322 178 50.0
red kidney bean full 322 323 645
defayed 322 178 500
2002 corn fult 8.3 58 54.1
delayed 8.3 284 46.7
spring barley full 8.4 274 358
delayed 8.4 4.4 328
2003 corn full 345 378 723
delayed 348 87 632
sunflower full 3145 378 723
delayed 345 8.7 632
2004 corn fulf 325 381 70.6
delaysd 328 18.1 70.6
corn full 325 38.1 706
delayed 325 381 706
2005 corn full 396 286 682
delayed 396 16.5 56.1

field pea fulf 19.8 133 334

T delayed 198 78 274

2006 corn fult 26.7 44.5 712
delayed 267 235 50.2
winter wheat full 206 216 422
delayed 206 127 333
2007 corn full 244 368 612
delayed 44 - 229 473
sunflower fult 244 368 61.2
delayed 24 4 2.9 473

hydraulic sampler and a probe that used 7.5 diam. by 7.5 deep
aluminum rings o confine the undisturbed soil sample.

Soil samples for SOC determination were prescreened
through a 2-mm sieve to remove large pieces of plant material
before further grinding with a flail type soil grinder to pass
through a 2-mm screen. Soil samples collected for SOC analysis
were ground to pass a 150y screen on a roller table and analyzed
total soil carbon (TSC) concentration using a Carlo Erba C-N
analyzer (Haake Buchler Instruments, Inc., Saddle Brook, NJ).
Soil inorganic carbon (SIC) concentration was determined
using the method of Sherrod et al. (2002). Soil organic C con-
centration was the difference between TSC and SIC.

The same sampling procedure used in 2001 for SOC and
py, was used in the spring of 2008 before planting, SOC was
determined with a Carlo Erba C-N analyzer at a commercial
lab { Ward Laboratorics, Kearney, NE),

The SOC__._(Mgha™!) (volumetric basis) in the 0 to 15 cm

mass
and I5 to 30 em soil layers was determined by:

SOC,,,, =dp, SOC 107! 1]

mass

where d is the soil depth increment (cm), py is the soil bulk den-
sity (Mg m™3) and SOC is the concentration of SOC (gkg™h)
in this depeh.
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Each year the aboveground crop residue remaining after
harvest was measured. For dry bean, field pea, spring barley,
and winter wheat a | m? area was selected randomly in che plot
area shortly before harvest. The plants in the area were clipped
at ground level, placed in mesh bags and allowed to air dry. The
grain was threshed from the sample and che grain and crop resi-
due weights determined. A subsample of the crop residue was
oven dried at 70°C for 24 h to determine water content. Crop
residue yields were expressed on an oven dry basis.

For corn and sunflower. four typical plants were selected
from each plot. The plants were clipped at ground level, placed
in mesh bags and allowed to dry. The grain was shelled from
the cob or head and the grain and crop residue weighes deter-
mined. A subsample of the crop residue was oven dried at 70°C
for 24 h to derermine water content. Crop residue weighe per
plant, adjusted to an oven-dry basis, and measured plant popu-
lation at harvest were used to calculate crop residue yield.

Estimation of the C content in the grain and crop residues
produced on cach plot used guidelines provided by Johnson et al,
(2006). The carbon content of the grain (C gmm) was calculated by

C = 0.4 grain (2]

grain

* where grain is the mass of harvested grain. The carbon content  ~

of the crop residue (C__ ) was calculated by

res

C ooc = 0.4 residue [3]
where residue is the mass of residue left in che field.

An estimate of the belowground root and rhizodeposition
carbon (C ) produced each year was calculated from the
mass of aboveground plant material using guidelines provided
by Johnson et al. (2006)

C. =k (C

root ~ “rec

grain * Croot) [4]

where £, is 0.6 for corn, barley, wheat. pea, and dry bean and

re¢

0.25 for sunflower. The total carbon recurned (C,,,) to the
soil was calculated by
Cfc(ufn = CTCS + Cﬂ)ot {S]

Analyses of variance were conducted to determine irrigation
timing, crop rotation, and tillage effects on crop residue produc-
tion and SOC. A protected LSD test was used to determine
treatment differences. The LSD was used to distinguish treacment
effects only if the F rest was significant at the 0.05 probability level,

RESULTS

The growth cycle of bean (2001} and sunflower (2003, 2007)
were similar enough to corn that irrigation timing was the same
for corn and these crops (Table 2). The total water (irrigation and
rainfall) applied to corn under the full irrigazion schedule varied
between 54.1 and 72.3 cm. Under delayed irrigation scheduling,
total water was between 46.7 and 63.2 cm. Spring barley, field
pea, and winter wheat had earlier plantings and shorter growing
seasons than corn so less water was applied to these crops and
less rainfall occurred during their life cycles. The total amount of
water available for these crops under full irrigation varied between

« Volume 102, Issue 3 « 2010




Table 3. Carbon content of grain (€

o) from spring 2001 co spring 2008,

L TRrain
Irrigation Tillaget Rotation} Year

2001 2002 2003 2004 1005 2006 2007 Total

I el ol L Mghl'l - o T
Fult NT cC 154 1.70 416 3182 2.09 5.17 438 2483
Fult CcP cC 377 206 4.46 3195 208 4.80 426 2537
Delayed NT cC 363 1.34 230 3.66 229 2.32 319 18.74
Delayed CcP cC 329 0.95 270 256 314 2.43 284 17.92
Full NT Rot 0.97 222 173 334 118 .29 0.91 il64
Full CP Rot 1.08 2.1 158 270 0.20 12 0.79 9.58
Delayed NT Rot 1.03 1.92 1.87 211 040 0.99 095 928
Delayed cp Rot 0.88 1.84 I .64 .67 0.33 0.80 0.81 796
Sourcef P>t
Irrigation (1) ¢.52 0.0038 0.088 0.15 022 0.011 0.15 0.047
Rotation (R} <0.0001 0.001 «<0.000¢ 0.0015 <0.0001 <0.0001 <0.0001 <0.0001
Tillage (T) 077 0.63 0.22 0.12 0.71 06! 0.24 0.28
I xR 057 0.099 0.024 0.81 032 0.0064 0.093 0.036
IxT 0.27 0.2 0.66 0.70 0.19 0.95 0.74 0.96
RxT 0.91 083 0.03 0.99 0.21 0.99 0.42 0.37
xR xT 0.48 0.10 0.69 0.24 0.68 0.70 0.9¢ 0.57

 Tillage systems include no tifi (NT) and chisel plow (CP).

1 Rotations include continuous corn {(CC) and mixed grass-broadleaf spectes (Rot).

§ The test for significance of irrigation effects on Cgrain used the irri
by crop * rep interaction for the error term, and tillage * irrigation

33.1 em for field peaand 42.2 cm for winter wheat. Because of
spring rainfall and cool spring cemperatures, the ET demand for
barley (2002) and field pea (2005) was low and only one or two
additional irrigations were needed for che tully irrigared plots
compared with the delayed irrigation plocs. Winter wheat (2006)
required more irrigation applications du ring vegetative growth
than either barley or pea to fully irrigate the plots. The total
amount of water available to barley, field pea, and winter whear
under defayed irrigation varied between 27.4 and 35.8 cm.
Irrigation amounts had a significant effece on C rain Produc-
tion over the seven crop years in this study (Table 3). The fully
irrigated plots produced 179 Mg ha™! Cyrain When averaged over
rotation and tillage system compared with 13.7 Mgha™! Cgmin
for the delayed irrigation system. Rotation had a larger effect
ontheamountof C . produced. The CC plots, averaged
over irrigation and tillage treatments, produced 21.8 Mgha~!
ongmm during the seven crop years compared wich only
9.7 Mg ha"! Cgrain for Rot plots. Rotation had a significant effect
on Cgmn every year. There was a significant interaction between
crop rotation and irrigation amouns. The fully irrigated CC
plots produced 25.1 Mgha™! of C rap While the delayed irriga-
tion CC plots produced 18.5 Mgha ™! of C i & decline of 26%.
The fully irrigated Rot plots produced 10,5 Mgha! ongmm
compared with 8.8 Mgha ! of‘(jgmn for the delayed irrigated
plots, a decline of 16%. There was no significant tillage, rotation
x tillage or irrigation x rotation x tillage interaction effects on
C orain, for the 7oyr period.
glrrigation amounts had a significanc effect on C,, over the
seven crop years in this study (Table ). The fully irrigated plots
produced 22.9 Mg ha ! €, when averaged over rotation and
tillage system compared wich 18.2 Mgha ! C__ for the delayed
irrigation system. Rotation had a larger effect on the amount
of residue produced. The CC plors, averaged over irrigation
and tillage treatments, produced 26.4 Mgha-! C,. during
the seven crop years compared wich only 20.8 Mg ha™! Croy

. .
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gation * rep interaction for the error term, cro,
effects were tested using the irrigation ' tillage ' re, interaction for the srror term.
{4 gl
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p * irrigation effects were tested using the irrigation

for Rot plots. Rotation had a significant effect on crop residue
production every year except 2004 when all plots were in corn.
There was a significant interaction between crop rotation and
irrigation amounts. The fully irrigated CC plots produced
29.4 Mgha™! Cies While the delayed irrigation CC plots pro-
duced 23.3 Mgha™! of crop residue. The tully irrigated Rot plots
produced 16.3 Mg ha™! C,es compared with 13.0 Mgha! Cres
for the delayed irrigaced plots. Even though the magnitude of dif-
ferences between irrigation strategies was different, cach rotation
showed a C,_ decline of about 20% due to irrigation. There was
no significant tillage, rotation x tillage or irrigation x rotation x
dillage interaction effects on C,., for the 7-yr period.

Because estimated C oor (Table 5) and C.crurn (Table 6)
are calculated from Cgmm and C the statistical differences
exhibited in the measured values are reflected in the calculated
values. Irrigation, rotation, and the irrigation x rotation inter-
rooc And there
were no main tillage effect or interactions wich tillage.

Bulk density decreased significantly between 2001 and
2008 (Table 7). In 2001 the py in the 0 tol$ cm depeh aver-
aged 1.50 Mg m™ and the py, in the 15 to 30 cm depth aver-
aged 1.46 Mg m3 By 2008 the Py, decreased ro an average of
1.27 Mgm"3 inthe 0to 15 cm depth and 1.26 Mgm “Finthe 15 o
30 cm depeh. Irrigation treatment had no effect on che change in
oy, Crop rotation did not atfect the ppinthe 0o 15cm depth but
did affecr the amount of change between 2001 and 2008 in the 15
to 30 cm depch. The CC plots decreased an average of 0.16 Mg m ™
while the Rot plots decreased an average of 0.24 Mgm™3, Plots with
CP decreased py by an average of 0.28 Mgm~inthe Oto IS cm
layer compared with a decrease in Py of an average of 0.18 Mg m™*
for plots with NT. Tillage had no effect in the magnitude of p,
change in the 15 t0 30 ¢m depth. There was no irrigation x rota-
tion, irrigation x tillage or rotation  tillage interactions.

Irrigation did not have a significant effect on che amount of
SOC in either 2001 or 2008 at either the 0 to 15 cm or 15 o

action each had a significant main effect on C
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Tabte 4. Carbon content of crop residues (€. Production from Spring 2001 ¢o spring 2008.
Year

At St St s

_lrrigation Tillage+ Rotation} 2001 2002 2003 zmuMg — 2005 2006 2007 Total B
Fuli NT cC 3.58 49 320 426 3.45 627 403 19.70
Full cp cC 362 513 348 378 299 626 409 2935

| Delayed NT cC 238 292 197 3.48 284 7.06 340 2405

“ Delayed cp cc 244 229 275 230 460 404 330 2072
Full NT Rot 1.8 228 154 383 161 299 1.66 15.72
Fufl cp Rot 1.78 234 140 327 070 298 i 52 14.02
Delayed NT Rot 1.02 1.85 1.67 250 0.88 248 17 i2.10
Dehyed CP Rot 0.92 195 1.46 254 0.70 257 1.64 1178
Source§ P>
Irrigation (1) 0.0054 0017 016 013 0.95 0.63 0.13 0023
Rotation (R) <0.0004 <0.0001 0.044 0.3 0.0002 0.022 <0.000{ <0.0001
Tillage (T) 0.72 055 0.14 0038 0.1 0.52 034 038
I xR 039 0.0058 0.013 084 0.42 0.63 0.12 0.002¢
=T 0.95 0.081 0.21 0.45 0.060 0.36 099 0.29

R>xT 0.53 0.44 0.0053 0.56 0.28 0.85 0.67 0.95
IxRxT 0.8% 0.16 0.4 025 094 0.9 092 0.88
t Tillage systems include no il (NT) and chisei plow (CPy,

 Rotations nclude ontnuoUs corn {CC)and Mixed grass-broudieaf species (Rog).

§ The rear for significance obienigaton effects o8 C_ uxed the iregation x fepinceraction for the erpor FEFM. Crop X itrigation elects were esed ustag the irryganon x | P X rep interae.
von tor the cetor erpm, and allage x frrgation effeces were resred using che irrigacion x tllage % rep Reracaon for the error term,

30 cm depehs (Table 8). Both rotations had simifar SOC i the Irrigation had no etlect on ASOC over the seven ¢ropping
0to 15 cmand 15 ¢o 30 ¢m depehs in 2001 The CC rotation seasons in this study (Table 8). There was 4 trend toward 5

had greater SOC inthe 0to 15 ¢y depeh in 2008 compared breater accumulation of SO in the delayed irrigation trear.
with the Rot treatmene. Both rorations had similar O at the ment, particularly in che 15 ¢ 30 em depeh. The Roe plots

15 t0 30 ¢m depeh in 2008, Tillage changed che SOC distriby- accumulaced less SOC than the CC plots between 200 and
tion. The NT treatment had greater SOC incthe 010 15 ¢m 2008. Less SOC wag found in the 0 ¢o IS em depeh of the Rot
depeh in 2008 by boch trearmenes had similar SO contents plots in 2008 thar, the CC plos bye there was a simjlar amount
inthe 15 to 30 ¢m depeh incremene. of SOC ar the 15 ¢o 30 ¢m depeh. Overall, the CC plots gained

2.8 Mgha i the ¢ 0 30 cm soi depth during the seven

Table s, Estimated carbon provided by root ang rhizodeposition (Cmﬂt) from spring 2001 ¢o spring 2008.

Year

Full NT . 4.41 478 339 6.87 510 32.80

Fuil CcpP CcC 443 4.31 477 4.50 105 6.49 5.01 3255
Delayed NT cc 3.60 256 2.56 429 3i4 5.63 4.02 2578
Delayed cpP cc 344 .95 327 292 484 393 369 23.84
Fulj NT Rot le7 2.70 270 4.34 1.92 260 1.54 17.48
Fulf Ccp Rot 1.72 267 239 372 0.70 226 1.38 14.84
Belayed NT Rot 123 22 2.80 276 074 212 1.60 13.5¢
Delayed cep Rot I.i4 227 2.44 253 0.70 1.90 .41 12.35
Source§ P>f

Irrigation U] 0.052 0.012 0.087 018 0.49 0.068 0.1 4 0.03¢
Rotation (R) <0.0001 0.0014 <0.0001 0.0055 <0.0001 <0.0001 <0.0001 <0.0001
Tiflage (T) 088 0.5¢ 0.22 0.03 0.80 0.38 022 019
[ 0.i8 0014 0.02¢ 0.96 0.39 0.080 010 0.052
IxT 0.48 0.074 0.40 0.8¢ 0.097 0.43 0.7¢ 0.73
RxT 0.62 0.69 0.0049 0.69 0.19 056 0.47 0.59

IR xT 0.60 0.1t 0.44 0.15 092 070 0.97 0.47
A e S T — U T P .\\_\\__\_.\Q\_‘
1 Tillage systems include ne ol (NT§ ang chisel piow (CPy

t Rotations include continuous corn {CC) and mixed grass-broadleaf species (Rot),

8 The teer vy SIRNA ance fierigana etfecisan C e ised the IFHIgatGn % repy UCCACHGH Lt (he orpe M CTOp X srnpaion etfecry were tested uving che HEIRAtion X o x fepinter
s tor the eerpp term. and tllage x HTRatOn effects wepe tesced uning the HRTon % eiflage x PP Ineracan fog (he CrEnt rerm
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Table 6. Estimated carbon returned to soil by crop residues and root and rhizodeposition {Crecurn) from spring 2001 to spring 2008.

Year
Irrigation  Tillaget  Rotationt 2001 2002 2003 1004 2005 2006 2007 Totat
T m e e e e Mgt o o T T
Fuit NT cc 7.85 8.88 761 8.94 6.96 i3.14 924 6263
Fult CP cc 8.04 9.44 825 8.05 6.04 1251 9.11 61.43
Delayed NT cc 5.97 5.47 452 777 6.07 12.68 751 50.02
Delayed cp cc 5.88 424 602 522 9.25 8.04 699 45 64
Full NT Rot 3.47 499 5.48 8.24 396 564 3.20 3498
Full cp Rot 350 502 478 722 167 491 2.90 30.00
Delayed NT Rot 2.24 411 559 5.26 156 468 3.31 26.74
Delayed cP Rot 2.16 422 4.78 5.08 154 425 2.54 2497
Source P>t
ferigation (1) 0019 0.014 0.094 0.19 0.42 0.16 0.14 0.034
Rotation (R) <0.0001 <0.0001 <0.0001 0.022 <0.0001 0.0001 <0.0001 <0.0001
Tillage (T} 0.78 0.55 0.26 0.021 0.84 0.42 0.21 0.22
IxR 0.30 0.0086 0.028 097 0.43 0.38 0.1 0.074
I=xT 0.73 0.071 0.30 0.55 0.09 0.37 0.70 0.64
RxT .55 0.55 0.0032 0.56 0.21 0.54 052 0.75
IxRxT 0.76 0.13 038 0.15 0.99 0.65 0.98 0.49

1 Tiltage systems include no till (NT) and chisel plow (CP).
1 Rotations include continuous corn (CC) and mixed grass-broadleaf species {Rot}

§ The test for significance of srnigation effects on Creturn Used the irrigation X rep interaction for the error term, crop X irrigation effects were tested using the irrigation
¥ crop x rep interaction for the error term, and ullage * irrigation effects were tested using the irrigation x tillage X rep interaction for the error term.

cropping seasons while the Rot plots lost 0.8 Mg ha~!. Tillage indicating that the correlation of ASOC with Crerarn did not
had no significant effect on the total accumulation of SOC but vary by the species producing the crop residue. The regression
changed the SOC distribution. The NT plots gained 1.7 Mg line of the N'T plots crossed the zero change line at 32 Mg
halin the 0 to 15 cm layer and 0.4 Mgha ! in the 15 to 30 cm ha™!indicating that an average of 4.6 Mgha ! ye! Crerura 15
layer for a total increase of 2.1 Mg ha™! for the 0 to 30 ¢m sur- needed to maintain SOC levels under the management condi-
face layer of soil. Comparatively, the CP plots lost 2.8 Mgha™! tions in this study. The regression line of the CP plots crossed
in the 0 o 15 ¢m layer of soil but gained 2.7 Mg ha™! in the 15 the zero change line at 52 Mg ha™! indicating an average of
to 30 ¢m layer, for a toral change of ~0.1 Mg ha™! in the surface "4 Mghalyr! Crecurn s needed ro maintain SOC levels
0 to 30 cm. There were no treatment interactions on ASQOC.,

There was asignificant (P = 0.008) positive correlation DISCUSSION
between C - vs. ASOC in the 0 to 30 ¢ soil layer (Fig. 1). Maintaining SOC levels should be a primary consideration
There was not a significant rotation x Crecurn interaction, when designing a cropping system for a specific location and

Table 7. Bulk density (pp) and change in bulk density (4py,) between 2001 and 2008 in a Weld loam due to irrigation, crop rotation,
and tillage treatments.

. Apg, 2001 to 2008
Treatment Variable 0to 5 em 15 to 30 cm 0to IS cm 15 ta 30 cm
T e e Mgy T
Year 2001 2008 2001 2008
Irrigation (1) full 152 1.29 1.46 1.29 -0.23 -0.17
delayed 1.49 127 {46 1.23 ~0.23 022
Rotation (R) + cC 1.52 1.30 1.44 1.28 -0.22 ~0.16
Rot 1.50 1.26 1.47 1.23 —-0.23 ~0.24
Tiltage (T) no ilt 152 1.34 1.46 1.27 —0.18 0.9
chisel plow .49 1.20 1.46 1.25 -0.28 -0.24
Sourcef Pf

! 0.60 0.52 0.96 0.42 0.85 024

R 0.39 0.40 0.14 0.14 0.87 0.028
T 0.28 0.0002 0.52 0.90 0.0091 0.61
IxR 0.17 0.44 0.54 0.18 0.73 0.68
IxT 0.29 0.90 0.95 0.39 0.45 0.65
RxT 0.10 0.42 083 0.97 0.75 0.92
IxRxT 0.42 0.92 0.88 0.82 0.58 0.76

t Rotations include contnuous corn (CCJ and mixed grass and broadleaf crops (Rox).

t The test for sigmificance of wrigation effects on py, and A¢y used the irrigation X rep interaction for the error term, crop reigation effects were tested using the wriga-
ton X crop x repnteraction for the error term, and tillage % irnigation effects were tested using the rrigation x ulfage X rep interaction for the error term
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Table 8. Soif Srganic carbon (S0¢) content and change in soif organic C content (ASOC)in 3 Weld loam between 200 and 2008

due to irrigation, €rop rotation, ang tillage treatments,

ASOC 2001 ¢o 2008

SOC
015 cm de, th 15430 cm depth 3
Hrrigation Tillage Rotationt 2001 ;’008 w01 2,;03 ° t:g::,ihcm s ;Zpg,cm ° t:;eighcm
W - . . . - Mg ha~i .
Ful NT CcC 196 246 8.7 6.8 5.0 -1.8 32
Fulf cp ccC 237 202 133 1.3 ~35 30 05
Defayed NT cc 8.8 22} 12.3 15.2 33 29 62
Delayed cp cC 8.5 18.1 2.5 142 0.4 1.7 13
Full NT Rot 20t 205 4] 4. 06 0.0 ~0.6
Fult Ccp Rot 21.0 159 138 I56 -50 24 =29
Delayed NT Rot 20.0 18.1 139 140 ~1.9 0.1 ~1.8
Delayad cp Rot 201 8.2 126 16.4 -9 is8 1.9
Source§ P>y
Irrigation 1y - 0.4 009 0.40 0.29 0.4 0.76 061
Rotation (R) 0.17 0.0087 057 0.91 0.033 0.92 0.027
Tillage (T) 0.88 0.0098 0.26 0.4¢ 0.0083 010 0.6
I xR 0.4 016 0.7 0.12 0.88 0.7¢ 0.87
IxT 0.42 0.44 0.61 0.38 0.20 038

& The test fior sigrtficance r)Fr'mgan(m eHects on SOC and ASOC 15ed the Hrganon X pe
Tepintecaction for ghe CrEOf rerm. and oilfage x TOgution effeces were cesred wing the irrigay

<
(:)

"3

K

T -

S

5

Yo

5 <

,'8 . NT o~

& 8 7o

w3

) — AN [ 3 T

L LR
- leror “haige

0.52

. P e
B orre
T WO 63y gy .
1oy
Jero Chirge

ASCC betwern 20001 and 2o
Y]
Ny haty

L] o 8¢
Pota: (‘rm" trom 201 1, Jinig

Ngha

B

Fig. 1. Rehtionship of added Crop residue ¢ plus estimated

added root ang rhizodeposition ¢ (Cracurn) 00 changes in

soif

organic C {ASOC) in the ¢ to 30 em depth increment between
2001 and 2008, NT denotes the no-cilf cropping system. cp

denotes the chisel plow cropping system. ¢ denotes the

continuous corn rotation. Rot denotes the mixed grass and

broadiear Crop rotation.
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residue will haye greater potential for maintaining or increasing
SOC than one thac produces fess residue. However, cconomic
considerations ap other goals such a5 improved pest congrol or
increasing crop diversity can lead the producer o include crops
in a rotation thae produce afow amoune of crop residue.

In this study the sof needed berween 4.6 an 74 Mgha-!
yrl Crerurn 10 Maintain SOC for NT and Cp management,
respectively. These levels are comparable to che ¢ Mgha=! yp-1
crop residue addition (35 Mgha lyr~1 ) found by Larson er
al-(1972) in southern lowa and the 74 Mgha! -1 crop residue
addition (4.3 Mgha=! -1 C) found by Piky] er al. (2008)
in castern Souch Dakora. Larson e al. (1972) and Pikul et 4},
(2008) did not account for estimages of(frctm . ateributed co
root and rhizodepostion. There appeared ro be no ditference iy
residue source for maintaining SOC i chis scudy.

The broadlcafcrops Brown in the Rot pare of chis study did
not produce sufficiene residue to mainain §¢ C levels, Red
kidney bean produced 2.2 ¢ 3 5 Mgha™! Crerarny sunflower pro-
duced 2.9 ¢ 5.6 Mg ha~! (fmum, and spring field pea produced
1510 4.0 Mg ha-! Creturn Whear and batley also failed r, pro-
vide sufficient C eruen T Maintain SOC. Spring barley produced
4lws.0 Mgha! Cmum and winter wheae produced +.2 ¢
5.6 Mgha!l Creturn: Corn was the only <1Op 1o provide .
AMOUNCS in excess of thae required to maineain ¢ YC. These
results agree wich Wilhelm et ), (2007) whe showed 3 greater
need for residye retention in a corn =soybean [¢ lycine max (L)
Merr] rotacion compared with 4 contingoys corn rotation
because of low residue producrion with sovbean, Corn Crerurn
varicd between 4.2 and 13.1 Mgha™! Removal of crop residuyes
tor off-feld use such as for energy production of livestock feed

should only come trom fields chae provide an excess above thae
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which is needed to maintain SOC. Of the crops grown here, only
corn consistently provided such levels of residue.

Although the fullirrigation treatment produced more crop
residue compared with the delayed irrigation treatment, there were
no differences in the change of SOC during the time of the seudy.
Itis thoughe that the extra biomass was lost through increased soil
microbial activity due ro a more favorable warer regime in the ﬁx“y
irrigated plots, which is consistent with Denef et al, (2008,

Several studies (Six et al., 1999, 2000; Mikha and Rice, 200+
McVay et al., 2006) have shown that NT systems improve SOC
storage greater than tilled systems, particularly in the surface 3
em ot soil. Tillage did not affect the rotal SOC storage in the
surtace 30 ¢m of sil but did change the distribution of SOC.

The NT treatment showed an increase in the 0 to 15 cm soil layer
while the CP trearment showed a decrease, However, in che {5

to 30 ¢m layer, the CP rreatment showed an increasing trend in
SOC, although not significant. while the NT treatment remained
unchanged from 2001 to 2008. A possible explanation for the
discrepancy in the effectiveness of changing the amount of SOC
in the soil is caused by the different depths of sampling among
experiments. Christopher et al. (2009), who showed inconclusive
resules for more SOC sequestered by N'T vs. conventional tillage,
based their conclusions on a 60 ¢m soil profile. Bowman et al.
(1990), Mikha ct al. (2006), and McVay et al. (2006) based their

conclusions on a sampling depth of 5 0r 7.5 em,

CONCLUSIONS

Demand for using crop residues for energy production or
livestock feed may induce the farmer to remove residues from the
field. One must keep in mind that the crop residues are a vital
part of maintaining SOC levels in the field and maintaining the
beneficial aspects of soil organic matter related to soil chemical and
physical properties. We show that, in certain production systems
such as continuous corn under irrigation, crop residue is produced
in excess of that needed to maintain SOC. These residues could
potentially be harvested for off-farm use. These potential harvest
levels, however, are much less than the rotal crop residue produc-
tion level and any feasibilicy scudies for off-farm use of crop resi-
dues should take into account the lower amounts of crop residue
that can be harvested withour harming the soil resource.
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