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Conventional tillage (CT) and zero tillage (ZT)
farming systems were compared in terms of losses of
sediment, nitrogen (N) and phosphorus {P} in surface
runoff from watersheds with heavy clay soils in central
Texas, U.S.A. CT included several sequential tillage
operations that resulted in burial of most of the plant
residue from the previous crop. ZT involved no
primary or secondary tillage, and crops were planted
through the residue from the previous crop. ZT had
no effect on runoff amounts but reduced the loss of
sediment, N, and P relative to CT. Similar results were
obtained for each of the three crops used in the study.
The EPIC (Erosion-Productivity Impact Calculator)
model successfully simulated the effect of tillage on
runoff, sediment, and nutrient loss with the exception
of soluble N and P.

1. Introduction

The effects of agricultural practices on water quality
is a major concern in many parts of the world. The
primary pollutants of concern are sediment, fertilizers,
pesticides, and animal waste. Several reports written
in the early 1970s addressed the need for research to
define mechanisms of non-point source pollutant loss,
and to devise soil and crop management practices (o
minimize such loss (Stanford et al., Water Resources
Committee?). A number of studies soon followed with
the object of quantifying sediment and chemical
movement from various agricultural systems into sur-
face and/or subsurface waters draining from as-
sociated land areas (e.g. Schuman ef al..** Jackson et
al.’ Burwell et al.® Kissel et al.® Chichester®
Chichester er al.'"). Intensity of soil tillage was recog-
nized as a factor controlling the amount of runoff and
soil erosion which occurred on cropland. The amount
of runoff and soil loss, in turn, directly affected soluble
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and adsorbed chemical transport, particularly plant
nutrients from fertilizer application.

A number of recent studies have evaluated tillage
practices as components of farming systems.. These
practices are being developed to conserve the soil
resources and reduce non-point source pollution of
water supplies. Studies involved both natural and
simulated rainfall (Rémkens er al.,"' Angle et al.,"?
Wendt and Burwell," Pesant er al.,'* Berg et al.*®).

Most of the research has involved loam-textured
soils because of their extensive occurrence in ag-
ricultural areas. However, clay-textured soils are ag-
riculturally important in many parts of the world and
present unique management problems related to soil
and water conservation. Relatively little research has
been conducted to measure the impact of conservation
practices used on these slowly permeable and highly
erosive clay soils on water quality. The object of this
study, therefore, was to compare the losses of sedi-
ment and fertilizers in surface runoff from clay soils
farmed with conventional tillage practices with that
from clay soils farmed with zero tillage practices. The
studies were conducted on heavy clay soils in central
Texas, USA.

2. Materials and Methods

The study was conducted in the Blackland Prairie of
Texas, USA. The Blackland Prairie is a 47 Mha
highly productive, rain-fed agricultural region in
central Texas. The climate of the area is sub-humid
with mild winters and hot summers. Mean monthly
temperatures range from 9°C in January to 29°C in
August. Mean annual rainfall is about 880 mm. On
average, the wettest month is May (116 mm), and the
driest month is July (47 mm).

Six small watersheds on the watershed facility of the
Grassland, Soil and Water Research Laboratory near
Riesel, Texas, were used for the study. The watershed
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sizes ranged from 4-0 to 8-4 ha, and the slopes ranged
from 1 to 3%. The soil is Houston Black clay, a fine
montmorillonitic clay in the thermic family of Udic
Pellusterts that is about 60% clay. The soil can absorb
water rapidly when dry, but swells when wet and
becomes slowly permeable. The soil is moderate to
low in N and P and high in K (Godfrey'®) and
requires N and P fertilizer for crop production.

Wheat (Triticum aestivum L.), grain sorghum
(Sorghum bicolor L.) and corn (Zea mays L.) were
grown in rotation on the watersheds during a §-yr
study (1985-1989). A conventional (CT) system was
used on three watersheds, and a zero tillage (ZT)
system was used on the other three watersheds. The
crops were assigned to watersheds such that each crop
was grown on both a CT and a ZT watershed in a
given year. The cropping sequence permitted a ““pair-
ing” of CT and ZT watersheds with the same crop in a
given vear. Replication was not practical since only six
walersheds were available for the study. The CT and
ZT systems could not be assigned randomly to water-
sheds each year because of the need to maintain the
residual effect of ZT from year to year. No two
watersheds are hydrologically identical. The “‘paired”
watershed approach is subject to inherent differences
in runoff characteristics, crop production, and other
factors, but offers the best method of making direct
experimental comparisons of the effects of treatments.
Direct comparison of surface runoff, sediment loss
(erosion} and nutrient loss (N and P) from CT and ZT
systems were possible each year.

The CT system was the traditional tillage system
used in the area that included several sequential
tillage operations resulting in an almost complete
burial of plant residues from the previous crop. It
usually included chopping the standing crop residue
after harvest followed by chisel tillage, heavy discing,
light discing, harrowing, and field cultivation. The CT
system caused considerable soil disturbance and in-
volved numerous passes.

The ZT system, in contrast, involved no soil tillage,
either primary or secondary. Crop residues were left
standing or lying on the soil surface to provide erosion
protection during the year. Crops were planted thro-
ugh the residue layer, and weed control was accompl-
ished by the use of herbicides. Machine whee} travel
was restricted, as much as possible, to fixed traffic
lanes on 2m centres in order to minimize soil com-
paction in the cropped areas between the wheel traffic
lanes.

Planting dates and fertilizer application methods
and rates were the same for both CT and ZT. Corn
and sorghum were planted in rows spaced 0-68m
apart in March and April, respectively, and both crops

were harvested in August. Wheat was planted in rows
spaced 0-15m apart in October or November and
harvested the following June. Fertilizer was applied to
each crop in solution on the surface with 11 kgha ' of
N and 17kgha ! of P applied at planting and ap-
proximately 130kgha™ of N and l4kgha™ of P
applied about 30d after planting corn and sorghum
and 90d after planting wheat.

Each watershed was equipped with a calibrated weir
and a water-stage recorder. Runoff volume for each
event was determined by numerically integrating the
water-stage record over time for the event. Samples of
the runoff water and suspended sediment were taken
during each event using a Chickasha-type automatic
pumping sampler (Miller et al.'™). Samples were
pumped from the stream and stored in 400 ml bottles
at specified time intervals, The samples were refriger-
ated at the collection point and then transported to a
refrigerated storage area and kept at 4°C until
processed.

Samples were analysed in the laboratory for sedi-
ment concentration and soluble and sediment-
adsorbed N and P. Sediment concentration data were
runoff-weighted to determine total sediment loss for
each event. Chemical analysis data were used to
compute runoff-weighted mean concentrations for
each runoff event. The mean concentration data were
then combined with the runoff and sediment data to
calculate total loss of N and P (both soluble and
sediment-adsorbed) for each event.

Paired t-tests were used to assess tillage effects on
annual runoff, sediment, and nutrient loss from each
pair of watersheds and the effect of each crop within
each tillage system on an individual storm basis.

The study data were used to evaluate the potential
of the Erosion-Productivity Impact Calculator (EPIC)
model (Williams et al.'®) for simulating the effects of
ZT on the losses of runoff, sediment, N, and P. EPIC
performs all calculations on a daily basis using readily
available inputs and simulates processes including
hydrology, weather, plant nutrient movement, crop
growth, soil temperature, and other factors. Soil, crop,
tillage, weather, and other data were input to EPIC
and daily simulated values of runoff, sediment, and N
and P lost in runoff were obtained. Simulations were
made for each of the six watersheds for each of the
5-yrs of the study.

3. Results
3.1" Crop yields

In most cases, crop yields were substantially re-
duced with ZT relative to CT (Table 1). Most of the
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Table 1
Tillage system and crop yield (kg ha ') for each watershed

1983 1986 1987 1988 1989
Watershed  Crop Yield Crop Yield Crop Yield Crop Yield Crop Yield
W-13 (CT) Sorghum 6334 Corn 6121 Sorghum 5826 Wheat 3322 Corn 6308
Y-6 (ZT) Sorghum 5103 Corn 2893 Sorghum 2483 Wheat 2022 Corn 3713
W-12 (CT) Com 4794 Sorghum 4717 Wheat 1735 Corn 7288 Sorghum 5643
Y3(ZT) Com 4758  Sorghum 2748 Wheat 1363 Corn 5187 Sorghum 1532
Y-13 (CT) Seorghum 6455 Wheat 2670 Corn 4397 Sorghum 6418 Wheat 190+
Y-10 (ZT) Sorghum 4427 Wheat 2250 Comn 4014 Sorghum 2632 Wheat 0t

T Wheat yield severely limited due to low temperature damage.

reduction was due to weeds on the ZT watersheds that
were not adequately controlled with herbicides, al-
though the swelling nature of the soil may have played
a part. The primary purpose of this paper, however, is
to address the runoff, sediment, and nutrient move-
ment characteristics of the ZT system rather than the
crop production resulis.

3.2 Runoff

Runoff amounts for individual events varied greatly
between CT and ZT systems depending on size of
event, time of year, rainfall spatial variability, crop
growth stage, and many other factors. In general,
annual runoff from ZT watersheds slightly exceeded
that from CT watersheds, although the differences
were not significant for any watershed pair. This result
is consistent with the findings of Lal er al.,'® and Jones
et al.*® The mean annual runoff for each tillage system
averaged across all years and all crops is given in
Table 2. Runoff on the Houston Black clay soil tends
to be almost zero when the soil is dry prior to a
rainfall event but large when the soil is wet, regardless

Table 2

Mean annual losses of runoff, sediment, N, and
P from CT and ZT watersheds

cT ZT
Runoff, mm 143 152
Sediment, kg ha ™' 1864 70%
Soluble N, kgha™' 6-6 3-1%
Absorbed N, kg ha™! 25 0-3
Soluble P, kg ha™ 0-8 0-6
Absorbed P, kgha ° 09 0-11

tMeans of ZT and CT are significantly
different at 5% level based on paired ¢-test of
aninual totals.

of the crop or tillage system. These data obtained over
the 5-yr study tend to suggest that the ZT system, in
which large amounts of crop residue are maintained
on the soil surface and the soil surface layer is not
disturbed by tillage, may cause a small increase in
runoff relative to the traditional CT system.

3.3 Sediment

Sediment loss from the ZT watersheds was consis-
tently much less than from the CT watersheds for all
watershed pairs. Mean annual sediment loss from all
ZT and CT watersheds was 70kgha™' and
1864 kg ha™}, respectively (Table 2). The crop residue
on the surface of the ZT watersheds was apparently
highly effective in controlling the loss of sediment
from runoff events.

3.4 Nitrogen

The loss of soluble N varied greatly depending on
the timing of runoff events relative to N application,
size of runoff events, and other factors. The annual
loss of soluble N varied from 36-6kgha™! for CT
watershed Y-13 during 1986 to zero for three of the
six watersheds (both CT and ZT) during 1988, a year
with very little runoff, The loss of soluble N was
dependent on runoff amount, but was also affected by
tillage system. The mean annual loss of soluble N was
reduced about 50% with ZT relative 1o CT (Table 2).

The loss of N transported with the sediment (ab-
sorbed N) was strongly dependent on tillage system.
The mean annual loss of absorbed N for CT was
2-5kgha™! compared with 0-3kgha™' for ZT. Since
absorbed N was calculated from N concentration and
sediment loss, the loss of absorbed N was directly
related to the loss of sediment for each tillage system.
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Table 3
Mean annual runoff, sediment, N, and P lost from CT and ZT watersheds by
crop
Corn Wheat Sorghum
CcTr ZT cT ZT CcT ZT
Runoff, mm 133 143 156 158 142 156
Sediment, kg ha™ 2868 269t 779 50t 1752 224+
Soluble N, kgha™' 5-5 26 13-3 4.4% 31 2-8
Absorbed N, kg ha™' 3-0 0-4% 14 tt§ 27 0-5
Soluble P, kg ha™ 03 0-5 1:5 0-5 06 0-8
Absorbed P, kg ha™! 1-4 0-1+ 0-5 t§ 0-8 01

t Means of ZT and CT are significantly different at 5% level based on

paired t-test of storm event totals.
§ t denotes trace amount.

3.5 Phosphorus

The loss of soluble P, like that of soluble N, was
closely related to the amounts of runoff and timing of
events relative to P application. Only small quantities
of soluble P were lost, and there was no detectable
effect of tillage system. Loss of absorbed P was small
but closely associated with sediment loss and sig-
nificantly less from ZT than from CT (Table 2).

3.6 Crop effects

Mean annual losses of runoff, sediment, and nut-
rients for each of the three crops are given by tillage
system in Table 3. The results are similar to the above
results obtained by averaging across all crops within a
tillage system. Runoff amounts were not significantly
different between CT and ZT for any of the three
crops, but sediment loss was significantly reduced with
ZT relative to CT for each crop. Absorbed N and P
were both reduced with ZT for each crop (significantly
for corn and wheat), apparently due to the reduction

of sediment with ZT. Soluble N and P were both
essentially equal for CT and ZT for both corn and
sorghum, but were both less with the ZT system under
wheat. Most of the runoff occurred in the spring when
there were large amounts of standing biomass on the
wheat watersheds (both ZT and CT).

3.7 EPIC simulations

The results of the EPIC simulations are given in
Table 4. The mean annual simulated values, in gene-
ral, compare well with the actual data. Simulated data
indicate slightly greater runoff from ZT than for CT
and much less sediment, absorbed N and absorbed P
from ZT, all consistent with the results from the actual
data. However, the simulated soluble N and P for ZT
relative to CT are inconsistent with the actual data.
QOverall, the simulation results show that EPIC can be
psed successfully to simulate the effects of converting
from CT to ZT in terms of runoff volumes, sediment
and absorbed N and P.

Table 4

Mean annnal losses of runoff, sediment, N, and P simulated with EPIC
compared with measured data

cT T

Simulated Measured Simulated Measured

Runoff, mm 135
Sediment, kg ha™' 1607
Soluble N, kgha™' 58
Absorbed N, ka ha™' 3-0
Soluble P, kg ha™' 19
Absorbed P, kgha™ 05

143 151 152

1864 123 70
66 57 31
25 03 03
08 25 06
09 tt 0-1

1t denotes trace amount
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4. Conclusions

The 5 yr of this study is too short a time to give an
accurate estimate of mean annual runoff, sediment,
and nutrient loss as affected by tillage system because
of annual variations in weather, The paired watershed
approach, however, enables conclusions to be made
regarding the relative differences between CT and ZT
systems for clay soils.

Converting from CT to ZT resulted in no significant
change in mean annual runoff from the Houston Black
clay soil. Sediment loss, on the other hand, was greatly
reduced with ZT relative to CT.

The loss of N in solution was reduced with ZT but P
losses in solution remained unchanged. Nitrogen and
P that moved absorbed on sediment, did so in
proportion to the amount of sediment lost and,
therefore, were significantly less with ZT than with
CT.

_Runoff, sediment, and nutrient losses for the three-
crap rotation were consistent for each crop except for
the loss of soluble N and P from wheat. Soluble N and
P losses from wheat were less from ZT than from CT.

Nitrogen lost in runoff (both soluble and absorbed)
from the CT system was about 6% of that applied as
fertilizer. With ZT, the loss was reduced to 2%.
Phosphorus loss was 5 and 2% for CT and ZT,
respectively. With cither system, the economic loss in
terms of fertilizer costs was not large. From an
environmental standpoint, both tillage systems ap-
peared to perform well with only minor annual losses
of N, P, and sediment but the cumulative losses could
have significant downstream implications over long
time periods. Use of ZT should help reduce the loss of
sediment and nutrients and alleviate possible long-
term negative effects on downstream water resources.

EPIC was successfully used to simulate the effects
of CT and ZT on runoff and the loss of sediment and
nutrients with the exception of soluble N and P. A
physically based simulation model such as EPIC can
be a valuable tool for evaluating the environmental
consequences of tillage systems. The modeling ap-
proach, when combined with sound experimental
data, enable long-term effects of tillage systems to be
guantified by simulation of the processes using long-
term weather records.

5. References

" Stanford G; England C B; Taylor A W Fertilizer use and
water quality, U. S. Department of Agriculture, Agri-
cultural Research Service Publication 41-168, 1970

? Water Resources Commitice, Soil Science Society of
America (C H Wadleigh, Chairman) Soil science in
relation to water resources development: I'V. Respons-
ibility of soil science in water quality improvement.

Soil Science Society of America Proceedings 1970, 34
542-548
* Schuman G E; Spomer R G; Piest R F Phosphorus losses
from four agricultural watersheds on Missouri Valley
loess. Soil Science Society of America Proceedings
1973a, 37: 424-427
Schuman G E; Burwell R E; Piest R F; Spomer R G
Nitrogen losses in surface runoff from agricultural
watersheds on Missouri Valley loess. Journal of Envir-
onmental Quality 1973b, 2: 299-302
Jackson W A; Asmussen L E; Hauser E W; White A W
Nitrate in surface and subsurface flow from a small
agricultural watershed. Journal of Environmental
Quality 1973, 2: 480482
Burwell R E; Schuman G E; Piest R F; Spomer R G
MecCalla T M Quality of water discharged from two
agricultural watersheds in southwestern Iowa. Water
Resources Research 1974, 10: 359-365
Kissel I E; Smith § J; Dillow D W Disposition of
fertilizer nitrate applied to a swelling clay soil in the
field. Journal of Environmental Quality 1976a, 5:
66-71
Kissel D E; Richardson C W; Burnett E Losses of
nitrogen in surface runoff in the Blackland Prairie of
Texas. Journal of Environmental Quality 1976b, 5:
288-293
Chichester F W Effects of increased fertilizer rates on
nitrogen content of runoff and percolate from monolith
lysimeters. Journal of Environmental Quality 1977, 6:
211-217
' Chichester F W; VanKeuren R W; McGuinnes J L
Hydrology and chemical quality of flow from small
pastured watersheds: 2. Chemical quality. Journal of
Environmental Quality 1979, 8: 167-171
"' Romkens M J M; Nelson D W; Mannering J V Nitrogen
and phosphorus composition of surface runeff as
affected by tillage method. Journal of Environmental
Quality 1973, 2: 292-295
? Angle J S; McClung G; McIntosh M S; Thomas P M;
Wolf D C Nutrient Josses in runoff from conventional
and no-till corn watersheds. Journal of Environmental
Quality 1984, 13: 431435
" Wendt R C; Burwell R E Runoff and soil losses for
conventional, reduced, and no-till corn. Journal of Sail
and Water Conservation 1985, 40; 450-454
Pesant A R; Dionne J L; Genest J Soil and nutrient
{osses in surface runoff from conventional and no-till
corn systems. Canadian Journal of Soil Science 1987,
67: 835-843
Berg W A; Smith S J; Coleman G A Management effects
on runoff, soil, and nutrient losses from highly erodible
soils in the Southern Plains. Journal of Soil and Water
Conservation 1988, 43: 407-410
' Godfrey C L The soils of the Blackland Prairies of Texas.
Texas Agricultural Experiment Station Miscellaneous
Publication 698, 1974
7 Miller G E; Allen P B; Welch N H; Rhoades E D The
Chichasha sediment sampler. U.S. Department of Agr-
iculture, Agricultural Research Service 41-150. U.S.
Department of Agriculture, Washington, DC, 1969
" williams J R; Renard K G; Dyke P T EPIC - A new
method for assessing erosion’s effect on soil produc-
tivity. Journal of Secil and Water Conservation 1983,
38: 381-383

-

o

-

-



86 C. W. RICHARDSON: K. W. KING

' Lal R; Logan T J; Fausey N R Long-term tillage and  ~ Tillage Research 1989, 14: 359-373 '
wheel traffic effects on poorly drained Mollic Ochra- Jones O R; Hauser V L; Popham T W No tillage effects
qualf in north-west Ohio: 2. Infiltrability, surface on infiltration, runoff, and water conservation on

runoff, subsurface flow, and sediment transport. Soil dryland. Transactions of the ASAE 1994, 37: 473-479



