Runoff and soil losses as
affected by corn and soybean
tillage systems

F. Ghidey and E. E. Alberts

Interpretive summary

Cropping and tillage are two important factors that influence runoff and soil losses.
In this study, conservation tlllage (chisel and nc-till) significantly reduced soil loss
relative to conventional tillage. However, despite leaving most residue at surface,
no-till did not reduce surface runoff compared to tillage systems that caused soil
disturbarnice and buried residue. For both corn and soybean cropping systems, sur-
face runoft fram no-till was significantly higher than those from conventional and
chisel, particularly during the critical chemical loss periods (1-4 weeks after herbl-
cide application). Thus, if herbicide loss by surface runoff is a serious problem in
row-cropped land, as it is in the Midwest claypan regions, no-till may not be the
most effective management system to use.
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ABSTRACT: Runoff and soil loss data were collecred from seven eropping and tillage rreas-
ments over a 12-year ptriod (1983-1994) from 28 (3.2 m wide by 27.4 m long) narural
yainfall erosion plots locared on a silt loam soil (Udollic Ochraqualf) near Kingdom Ciry,
MO. The treasments were conrinuous corn and soybean cropping under conventional, thisel,
and no-sill tillage methods, and continuous cultivated fallow. Alrhough cropping slightly in-
fluenced runoff and soil loss. the differences were not statistically significant (p < 0.05).
When averaged over rillage, mean annual runoff and s0il loss from soybean were 3 and 12 %
higher than those from corn, respectively. Cropping effect on runoff was only significant (p <
0.05) during the residue (P4) cropstage period. Most of the soil loss (approx. 80% of the an-
nual loss) occurred during the rough fallow (F) and seedbed (SB) periods. For these pertods,
cropping had no significant effect (p € 0.05) on soil loss. Mean annual runoff and soil loss
from conzinuous fallow were subctansially greacer compared 1o those from corn or soybean.
Tillage. particularly no-ill, had significant effects (p < 0.05) on runoff and soil loss. When
averaged over crop, no-till inereased mean annual rinoff by 14 and 20 % compared to con-
ventional and chisel, respecrively. On the other hand, chisel decreased runoff by 5% compared
1o convensional Soil loss from no-till method was 7 rimes lower than conventional and 5
times lower than chisel. Chisel lowered soil loss by 31% compared ro conventional. The effects
of 1illage on runoff and soil loss were substancially greater during the F and SB cropstage pe-
riods. Querall, the study showed that (1) cropping had litsle effecr on runoff and sotl loss. and
(2) no-1ill significantly increased runoff and subssanially reduced soil loss when compared o
the convenrional method.
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Missouri and Illincis and are primari-
Jy found within Major Land Resource
Area (MLRA) 113. Claypan soils are con-
sidered poorly drained partially because of
an argillic claypan horizon located 15 to
30 ecm below che surface. Runoff and soil
losses from the Midwest claypan region
are relatively high during the seedbed
preparation period when agrichemicals are
applied; as a result, this region has been
idencified as a vulnerable area for pesticide
and nutrient concamination of surface
watet. Previous studies indicaied thar her-
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bicide application to claypan soils conra-
minate surface water much more chan
ground water (Burkhart and Koplin 1993;
Blanchard et al. 1995). The crirical period
for contaminacion of surface water by her-
bicides and nutrients was 1-4 weeks fol-
lowing applicauon (Ghidey et al. 1994;
Ghidey et al. 1996). Previous research in-
dicated thar conservation tillage decreased
herbicide losses because of the reduction
in cunoff and soil losses compared to con-
ventional rillage (Baker and Johnson
1979; Sauer and Daniels 1986). However,
they also reported that herbicide concen-
trations from conservation tillage were
sometimes higher compared to conven-
rional tillage. Alchough further study is
needed to cvatuare whether reducing
runoff decreases herbicide losses, manage-
ment syscems that reduce runoff and soil
loss are believed to generally improve sur-
face water quality.

Cropping and tillage systems are two
important factors thar influence runoff
and soil losses. Several research studies
have been conducted to evaluate the ef-
fects of prior cropping on soil loss using
field-scale rainfall simuiarion. Results
have ranged from those thar have found a
prior cropping cffece (Oschwald and
Siemens 1976) to those that bave not
found an effect (Laflen and Colvin 1981;
Colvin and Laflen 1981). Studies con-
ducted on claypan soils found that sotl
losses from soybean were greater than
corn (Alberes er al. 1985; Buyonovsky
and Wagner 1986: Zhu et al. 1989). Scv-
eral studies have shown that no-dll and
chisel ullage methads can substancially
reduce soil losses compared to conven-
tional systems (Siemen and Oschwald .
1976; Laflen ¢c al. 1978; Johnson and
Moldenhauer 1979; McGregor and Greer
1982). Resules for the effects of rtiilage
systems on runoff, however, were incon-
siscent. Some studies reporced that ullage
systems chat leave residue on the soi! sur-
face reduce runoff and soil loss (Laflen et
al. 1978; Larson et al. 1978; Johnson and
Moldenhauer 1979; Langdale et al. 1979;
McGregor and Greer 1982). Other stud-
ies indicated that surface residue does not
always reduce runoff, particularly in no-
tll systems (Mannering ec¢ al. 1975;
Siemen and Oschwald 1976; Lindstrom
et al. 1981; Lindstrom and Onstad
1982).

The main objective of this scudy was to
evaluace the long-term effects of continu-
ous corn and continuous soybean crop-
ping systems under conventional, chisel.
and no-ull tillage methods on tunoff and
soil losses.
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Materials and methods

Runoff and soil losses were measured 2t

the Claypan Expcrimental Farm (previ-
ously called the McCredie Erosion Sta-
tion) located near Kingdom City, MO.
Forty natural rainfall erosion plots have
been operated continuously since their es-
rablishment in 1941, Each plot is 3.2-m
wide by 27.4-m long. The soil is 2 Mexico
silt loam {(fine, montmorillonttic, mesic
Udoliic Ochraqualf) on 2 slope of 3.0 1o
3.5%.

Each erosion plot is instrumented with
two runoff collection ranks in series.
Runoff leaving 2 plot moves into a 3.2-m
wide collector which is connecced to che
first cank with 2 125-mm diameter pipe.
When the volume of the first tank is ex-
ceeded (6.4 mm of ploc runoff), addicon-
al runoff and sediment move through a 9-
slot vertical divisor in a trough which
connects the two tanks. One-ninth of the
runoff enters the second tank. Total col-
fection capacity of both ranks is about
150 mm of plor runoff.

After cach runoff evenr, the depth of
water in each tank was measured. The
sediment was resuspended by vigorously
stirring the contents of each rank using
specially designed paddles. Two samples
were then collected from each tank to de-
termine the sediment concentration using
gravimerric procedures. The warter depth
and sediment copcentration dara were
used with the rank calibracions co calcu-
late runoff and soil losses. Where multiple
rainfall events occurred that prohibited
tank sampling and clcaning, measured
losses represear multiple rainfall and
runoff events.

From 1941 through 1977, several scud-
ies of management effects on runoff and
soil loss were conducted and management
of individual plots varied. In 1978, each
plot was reshaped to reestablish uniformi-
tv. All plots were cropped 1o soybean in
1979 and 1980 and were maincained in
cultivated fallow in 1981. In 1982, a
srudy evaluating the effects of seven crop-
ping and managemenc treatments on
runoff and soil loss was initiated on 28
crosion plots. The experimental design for
the treatments was a complecely random-
ized block design with four blocks. The
trcatments were continuous cultivated fal-
low, continuous corn conventionally
tilled. continuous corn chisel-plowed,
continuous corn n no-till, continuous
sovbeans conventionally tilled, continu-
ous soybeans chisel-plowed, and continu-
ous soybeans in no-till. Conventional
tillage consisted of spring moldboard

plowing, psimary and secondary disking,
plancing, and cultivation for weed con-
trol. Chisel tillage had similar cultural op-
eration dates and types to conventional
tillage except that a chisel plow was used
instead of 2 moldboard plow. Minor soil
disturbance occurred a¢ planting in no-rill
from a fluted coulter which prepared a

narrow seedbed. Continuous fallow con-
sisted of spring moldboard plowing, disk-
ing, and cultivations after cach major
rainfall event that caused soil crusting.
Dara collected in 1982 were not used in
the analysis.

Surface runoff and soil loss data were
summarized by cropstage periods through

350

| I
0

Mean Annual Runoff {(mm)
g 8 8 B B

g

ab
NT

CNV CH
CORN

a
be.
| d
T FAL

CNV CH N
SOYBEAN

Figure 1. Mean annusl runoft for calendar years 1983 through 1994 from continuous corn
and soybean cropping systems under conventional (CNV), chisel (CH), and no-till (NT)

methods

Treatmert means with the same letter are not significantly different ar the 5% level.
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Figure 2. Mean annual tillage year runoff for the cropstage periods summarized by crop type
Within cach period values followed by the same letter are notsignificandy different at the 5% level.
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Figure 3, Cumulative surface runoff for conventional and no-till tillage methods averaged
over crop
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Figure 4. Mean annual tillage year runoff for the cropstage periods summarized by tiliage

type

Note: Within each period values followed by the same letter are not significancly different ar the 5% levél.

Table 1. Mean annual runoff by cropstage preriods for corn and soybean cropping sys-

tems under conventional, chisel, and no-till methods

Crop Tillage F
Conv 20.2"

Cormn Chisel 26.8~
No-till 27.2%
Conv 18.1¢

Soybean  Chisel 28.0~
No-fill 29.6°

Runofl (mm)
s8 P12

22.1% 15.8°
20.5% 14.2°
23.9* 16.5*
21.0* 17.0*
19.6° 14.9
23.2° 20.1°

P3

26.2»
22.8~
25.0~

22.5°
18.5°
29.8°

Pa

88.5
92.8~
102.6°

109.0*
85.8°
110,00

~ Within each period, values containing the same letter are not significantly different at the 5%

level,
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a tillage year. For each tillage year. five pe-
riods were identified based on uniform
ground cover and management effects
(Wischmeier and Smith 1965; Laflen and
Moldenhauer 1979). These periods are:
rough fallow period (F) from primary
tillage to secondary rtillage and planting:
seedbed period (SB) from planting 1o 30
d after planting; rapid growth period
(P12) from 30 d after planting to 60 d
after planting; reproduction and matura-
tion period (P3) from 60 d after planting
to harvest; and residue period (P4) from
harvest to primary tillage the next spring.
As an example, che ullage year for 1983
stasted on 26 Apr 1983 and ended on 10
May 1984. The average durations for
cropstages F. SB, P12, P3, and P4 were
30, 30, 30. 98, and 177 days. The tillage
vear seasonal period dates and time peri-
ods for chisel plow and no-rill were the
same period as for conventional tiliage.

Results and discussion

Precipirarion. Annual precipitation
from the runoff/erosion plois in 1983,
1984. 1985, 1986, 1987, 1988, 1989,
1990. 1991, 1992, 1993 and 1994 were
881, 755, 958, 504, 398, 436, 406,
1210, 684, 549, 1102, and 712 mm. re-
spectively. The mean annual precipita-
tion during the 12-yr period was 716
mm. The average discributions of the
precipitation for the F SB, P12, P3, and
P4 periods were 66. 80, 80. 178. and
312 mm, representing 9.2, 11.0, 11.0,
24.8. and 44.0% of the rotal vllage year
precipitation, respectively.

Croppiﬂg [ﬁe[t.f on Surfﬂfe )'u”oﬁ:
Mean annual runoff measured from the
seven treatments during the 12-yr study
period 1s given in Figure 1. For conven-
tional and no-till, mean annual runoff
from soybean were slightly higher than
corn; however, the differences were not
stadistically significant (p £ 0.05). Mean
annual runoff from soybean was 11 and
7% higher than corn for conventional and
no-iilt methods, respectively. For chisel,
runoff from soybean was 9% lower than
that from corn. When averaged over
tillage. the mean annual runoff for soy-
bean was only 3% higher than corn.
Runoff from continuous cultivated f{allow
was more than 70% higher than that
from corn or soybean.

Mean annual runoft for the cropstage
periods summarized by crop rype is given
in Figurc 2. The mean percent distribu-
tion of measured runoff for the F. SB.
P12, P3, and P4 perieds was 13.7, 12.3,
8.5. 13.7, and 51.8% for corn; 12.7,
11.4, 9.2, 12.6. and 54.1% for soybean;



and 7.5, 7.2, 8.0, 24.3, and 53.0% for
fallow. respectively. Except P4, chere were
no significant differences (p < 0.05) in
runoff berween corn and soybean. During
P4, runoff from corn was significantly
lower than soybean, particularly for the
conventional and no-till methods {Table
1). The difference in runoff becween corn
and soybean cropping systems during P4
was mainly due to difference in residue
amount and cover. P4 was the period
from harvest until primary tillage the fol-
lowing year during which the soil was
covered with residue. Residue data collect-
ed from the plots from 1983-87 showed
that corn produced more residue after
harvest than soybean. The average residue
cover at harvest was 94% for corn 2ad
82% for soybean. Avcrage residuc cover
measured before primary dllage operation
(i.e. at the end of P4) was 89% for corn
and 69% for soybean which indicared
that corn had slower decomposition rate
than soybean, particularly during P4.
Thus. corn plots had more surface residue
cover than soybean plots, which probably
allowed more infiltration and consequent-
ly less runoff.

Runoff losses from continuous cultivat-
cd fallow were similar to those from con-
tinuous corn and soybean during F and
SB (Figure 2). However, runoff losses
from concinuous fallow during P12, P3,
and P4 were subsrantially higher than
those from continuous corn or soybean.
During these periods, corn and soybean
plots were covered by cither canopy or
residue. .

Tillage effects on surface runoff. For
both corn and soybean, runoff from no-
till was significancly higher (p £ 0.05)
compared ta conventional or chisel merh-
ods (Figure 1). Mean annual runoff from

no-til} was 15 and 10 % higher for corn

and 11 and 30% higher for soybean chan
those from conventional and chisel, re-
spectively. Compared ro conventional.
chisel decreased runoff by 14% for soy-
bean. and incrcased runoff by 5% for
corn. When averaged over crop, mean an-
nual runoff from no-dll was 14 and 20%
higher than conventional and chisel
methods, respectively.

Cumulative runoff for conventional
and no-tll methods averaged over crop 1s
shown in Figure 3 o determine whether
the behavior of no-ull relacive 1o conven-
tional tillage system changed over time in
response to soil quality improvements
usually associated with no-till. Through-
out the study period, runoff from no-till
was significantly higher chan those from
conventional. The difference in runoff be-

cween no-till and convenrional has not
been affected with dme. The percent dif-
ferences in cumulacive runoff berween no-

cill and convendional during the first and
second halves of che study period were
similar. Cumulative runoff amounts {rom
no-till were 22.6 and 21.6% higher in the
first and second halves of the study peri-
ods, respectively, than those from conven-
donal. Thus, no-till has not improved the
quality of the soil with dme to increase
infiltration and reduce runoff.

Mean annual runoff for the cropstage
periods when summarized by rillage is
given in Figure 4. Runoff losses from no-
till were significantly higher (p < 0.05)
than conventional and chisel methods for
all cropstages periods, except P12 (Figure
4 2nd Table 1). Except for the period F
runoff from chisel was generally signifi-
cantly lower (p £ 0.05) compared to con-
ventional. The scudy generally had two
important findings. First, no-dll, despite
leaving most of the residue at the surface,
did not reduce runoff as indicared in
some studies (Laflen et al. 1978; Larson et
al. 1978; Johnson and Moldenhauer
1979; Langdale ev al. 1979; McGregor
and Greer 1982). In fact, runoff was high-
est from no-till relative to chisel or con-
ventional methods. Runoff from no-till
was significandy higher.compared 1o con-
ventional and chisel during the F and SB
periods. During chese periods, for the
conventional and chisel methods, tllage

has broken the surface soil seal, increased
micro relief and soil drying, al} of which
would have resulted in increased infiltra-
tion and reduced runoff. Thus. the effect
of tillage associated with conventional and
chise]l was greater than rhe effecr of
residue associated with no-ull in reducing
runoft. Blanco (1995) investigated select-
ed hydraulic properties of the erosion
plots at Kingdom City, MO. He found
that plots under the no-till system had
fower saturated hydraulic conductivity,
higher bulk density, and higher soil water
content than those under conventional
and suggested that these faccors had prob-
ably contributed o high runoff from no-
til}. Lindstrom and Onscad (1982) report-
ed similar resulcs,

Second, runoff from the chisel method
was significantly lower than the conven-
tional method. The chisel method left
more residue on the surface relative ro
conventional method, which was proba-
bly more cifective in increasing infilcra-
tion, preventing the development of sur-
face crusting, 2nd consequently decreasing
runoff.

Cropping effects on soil loss. Mean an-
nual soil loss measured from the seven
treatments during the 12-year stwwdy peri-
od is shown in Figure 5. Mean annual soil
loss from soybean was S, 21, and 24%
higher than corn for che conventional,
chisel. and no-till methods. When aver-
aged over tllage, soil loss from continuous
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Figure 5. Mean annual calender year soil loss from continuous corn and soybean sys-
tems under Conventional (CNV), chisel (CH), and no-till (NT) methods
Treatment means with the same letter are not significandy different at the 5% level.
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Figure 7. Cumulative soil loss for conventional and no-till tillage methods averaged over
crop

Table 2. Mean annuaj soil loss by cropstage preriods for corn and soybean cropping
systems under conventional, chisel, and no-tiill methods

Soil loss (Mg h™)
Crop Tillage F SB P12 P3 P4
Conv 3.46a" 7.12 1.60° 0.84° 0.12¢
Com Chisel 2.54* 4.52° 0.98° 0.20° 0.10¢
No-till 0.54¢ 0.80° 0.26¢ 0.02¢ 0.04°
Conv 3.54° 7.33 2.10° 0.18° 0.52*
Soybean Chisel 2.67 5.30° 1.60° 0.22° 0.33
No-ill 0.62° 0.91° 0.40¢ 0.03° 0.14°

*Within each period, values containing the same lenter are not signtficandy different at the 53 level.
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soybean was 12% higher than that from
continuous corn. Except for chisel, the dif-
ferences in soil loss berween corn and soy-
bean were not statistically significant (p <
0.05). Soil loss from continuous fallow
was almost five times higher than char
from continuous corn or continuous soy-
bean.

Mean annual soil losses for che crop-
stage periods when summarized by crop
type are shown in Figure 6. The mean
percent distribution of measured soil loss-
¢s for the F, SB, P12, P3, and P4 periods
were 28.2, 53.8, 12.3. 4.5, and 1.2% for
corn; 26.5, 52.3, 15.8. 1.6, and 3.8% for
soybean; and 16.8, 17.0, 14.5. 30.1. and
21.6% for fallow, respectively. Most of the
soi} losses occurred during F and SB after
the soil has been tilled and planted. Soil
losses during P3 and P4 for corn and soy-
bean were very low because the soil was
covered by canopy during P3 and residue
during P4.

Soil losses from soybean were higher
than corn during all the cropstage periods
except P3 (Table 2 and Figure 6). Howev-
er, che difference in soil loss beeween corn
and soybean was not significant (p <
0.03) for the high soil loss periods (F and
SB). Although soil losses during P3 and
P4 were quite small compared o F and
SB. differcnces in soil losses berween corn
and soybean cropping systems were statis-
tically significant (p € 0.05). This can be
attributed to the effects of canopy and
residue covers. P3 was the pentod when
the soil was mostly covered by crop
canopy. Soybean plots were believed 1o
have more canopy cover with lower
canopy height which probably resulted in
less soil loss compared o corn plots. P4
was the period when the soil was covered
with residue, and as previously men-
tioned. corn plots had more residue cover
than soybean plots, which resulted in sig-
nificantly lower soil loss.

During all the cropstage periods, sail
loss from continuous fallow was substan-
tially higher when compared with chose
from continuous corn or soybean (Fig 6).
Soil loss from condnuous fallow was par-
ticularly higher during P12, P3, and P4
when the soil under continuous corn and
soybean was well covered by cicher canopy
or restdue.

Tillage effects on soil loss. No-dll and
chisel merhods significantly reduced soil
loss when compared 1o convenrional. For
both corn and soybean, soil loss from no-
till was significantly lower (p < 0.05) than
convencional or chisel method (Figure ).
When averaged over crop, mean annual
soil loss from no-till was seven (imes lower



than conventional and five times fower
than chisel plow. Chisel reduced soil loss
by 31% compared to conventional.

Cumulative soil losses from conven-.

tional and no-till methods averaged over
“crop are shown in Figure 7. Throughout
the study period, soil loss from no-tll was
substanuially lower than conventional.
Percentage difference in cumulative soil
loss berween no-till and conventional in

the first half of the study period was simi-
lar to the difference in the second half.
Cumulacive soil losses from no-cill were
85 and 86% lower in the first and second
halves of the study period, respectively,
than those from conventional. Thus, the
effect of tillage on soil loss has not
changed with rime.

During the 12-yr period. four events ac-
counted for 73, 71, 71, and 59% of the
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Figure 8. Mean annual tillage year soil loss for the cropstage periods summarized by

tillage type

Wichin cach period values followed by-the same leteer are not significantly different at the 5% level.
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Figure 9. Mean annual tillage year sediment concentration for the cropstage periods

summarized by titlage type

Within each period values followed by the same lerrer are not significantly different at the 5% level.

toral soil loss for conventional corn, con-
ventional soybean, no-dll corn, and no-ill
soybean, respectively. These eventis oc-
curred during the F and SB periods when
the soil was more erodible. One event that
occurred in 1990 accounted for 41, 40. 38.
and 25% of the tocal soil loss for conven-
tional corn, conventional saybean, no-till
corn, and no-ill soybean, respectively.

Soil losses during the cropstage periods
were significantly different (p £ 0.05)
among the rillage systems (Table 2 and
Figure 8). Differences were particularly
large for F and SB. During these periods,
the convencional and chise) plots had re-
ccived primary and secondary tillage thar
buried surface residue and loosened the
soil. Soil losses from chisc! were less than
those for conventional primarily because
of higher surface residue cover after chisel-
ing. For no-till, che soi} surface was well
protecied by crop residue and may have
undergone less weathering and aggregate
breakdown which substantially lowered
soil loss compared to conventional.

Generally, the study showed that con-
servation tillage (chisel and no-till meth-
ods) significandly reduced soil loss relative
to conventional which indicated the effec-
tiveness of residue cover and less soil dis-
turbance in reducing soil losses. The re-
duction in soil loss for the chisel system
may be acrributed 1o the reduction in
both runoff volume and sediment con-
centration since both runoff and sediment
concentration from chisel were signifi-
cantly lower than conventional. However,
for no-till because runoff was significantly
higher than conventional. the reduction
in soil loss was only the resulc of lower
sediment concentration in runoff wacer.
Sediment concentrarion from no-till was
significancly lower (p < 0.05) than con-
venticnal during all the cropstage periods
(Figure 9). This could be attribured 1o the
differences in residue cover and soil dis-
turbance parucularly for the F SB, P12,
and P3 cropstage periods. During P4, the
difference in residue caver between no-till
and conventdonal was small, and the soll
was also well consolidated. Thus. at this
period, the difference in soil loss was
probably due to highes soil resistance o
decachment for che plois under no-till
than chose under conventional.

Summary and conclusions

Runoff and soil losses were measured
from continuous fallow and continuous
corn and soybean cropping systems under
conventional, chisel, and no-till tillage
methods. Runoff and soil foss dara were
collected over a 12-yr period from the
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study plots ac the Midwest Mexico silc
loam claypan soil (Udollic Ochraqualf)
located near Kingdom City, MO. We
found the following;

1. When averaged over tillage. mean

“annual runoff and soil losses from soy-

bean cropping system were slightly higher
-than those for corn; however. cropping ef-
fects on runoff and soil losses were not
statistically significant (p € 0.03). except
sotl loss for chisel. Mean annual soil loss
from soybean was significancly higher
than corn for the chisel method.

2. Tillage effects on runoff and soil
losses were significandy greater than those
related to cropping system. No-dill signifi-
cantly increased runcff compared to con-
ventional or chisel mechods. Chisel
method significandy reduced runoff for
soybean, and slightly increased runoff for
corn compared to conventional rillage.
Chisel and no-till (conservation tillage)
significantdly reduced soil ltoss relative to
conventional rillage. Soil loss from no-cil!
was seven rimes lower than conventional
and five times lower than chisel.,

The imporrant finding of this study
was that long-term no-till on a claypan
soil increased runoff relared to tillage sys-
tems thar caused soil disturbance and
buried residue cover. Thus, if herbicide
loss by runoff is a sertous problem in row-
cropped land. as it is in the Midwest clay-
pan soil. no-till method may not be the
most effective management system o use.
For the Midwest claypan soils region. her-
bicide contamination of surface water is a
serious problem. Because no-rill increase
surface runoff for the F and SB periods
associated with the critical chemical loss
periods (1-4 weeks after herbicide applica-
tion), the increase in the use of no-ll for
soil conservarion may be increasing levels
of herbicide contamination.
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