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ABSTRACT

Conservation tillage (minimum-till and no-till) crop production systems have
not been developed for the northern Great Plains., For the most pa;t, the emphasis
of previous soil and water conservation research hag been on studying two—fac;or
interactions of which tillage and soil fertility, t1llage‘and water conservat 9n,
soil fertility and crops, are examples. Recent advances 1n compgter tecﬁnolog;es
now makes it possible to accommodate analyses for assessing the 1nter§ct12n an
significance of many factors and research approaches. We have.establlshe‘ :1
long-term field-plot size experiment on 63_acres to §tudy m9l§1factog vait? es
involving cropping systems, conservation tillage, 5011 fertility, and cu 1:§r L
variables in a single study. The experimental c_lesu;n, procedunlas and ope:;: 1gn:a
logistics for conducting this type of complex ?le%d §cale.expe:1menF and dg a "
sets being collected by the various research disciplines involved will be discussed.

INTRODUCTION

Soil erosion is recognized as a serious threat to man's well—?eing, and in
some areas of the world, to his very existence. Although substantial advances have
been made in erosion abatement, losses in areas of the United States continue to
exceed the rate of soil renewal. 1In the northern Great Plains, soil losses to wind
and water erosion exceeds 5 tons per acre on about 50% of the 28 million acres of
cropland and exceeds 9 tons per acre on about 21% of it. Cost-effective
minimum-till and no-till conservation tillage systems, adaptable to the region and
if adopted by producers, potentially would reduce soil losses by wind and water
erosion by, conservatively, 50%.

Crop residue management is a major factor in erosion control. Left on the
soil surface, residues reduce wind speed and thereby wind erosion, and act as a
barrier to water runoff and absorb impact energy imparted by falling rain and
thereby reduce water erosion. The greatest deterrent to erosion is a vegetative
cover, dead or alive, on the soil surface. Simultaneously, residues affect water
conservation by suppressing water evaporation rate and effecting retention of
precipitation (including snow) where it falls. 1In essence, the focal point of
dryland agricultural research in semiarid and subhumid regions is to save as much
water as possible from precipitation and use it as efficiently as possible for crop

and livestock production. Conservation of soil and conservation of water are
inseparable,

For the most part, the emphasis on previous soil and water conservation
research has been on studying two-factor interactions such as tillage (residue and
management) and soil fertility, tillage and water conservation, soil fertility and
crops etc. The advent of computer technologies now makes it possible to
accommodate systems analyses for assessing the interaction and significance of many

factors, and therefore paves the way for a team research approach to conservation
problems.

Current information on conservation tillage systems in the northern Great
Plains is essentially limited to no-till production of winter wheat. Information
is lacking for spring-sown cereal grain and oilseed crops. Soil erosion hazards of
spring-planted crops, especially oilseed crops (sunflowers, safflower), is high
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compared to winter wheat because of the longer idle period between crops,
particularly when summerfallow is used and because oilseed crops produce less crop

residue.

OBJECTIVES

The research goal is to develop efficient and cost-effective conservation
tillage (residue management) practices with emphasis on methods of increasing
precipitation storage efficiency, improving crop residue managemept'for erosion
control, and using available soil water most efficiently. 1In addition, t@xs
systems -experiment provides opportunities for multidisciplinary research in éuch
areas as associated disease, insect and weed problems, N and P cycling, biotic and
abiotic soil property changes, and soil productivity-crop response relationships.

PROJECT DESCRIPTION

The field research is conducted on a 63-acre site on Williams loam
(fine-loamy, mixed, Typic Argiboroll) with a 2 to 4% southeasterly slope. The
experimental variables in three replications are all combinations of (1) two
cropping sequences; spring wheat-fallow and spring wheat-winter wheat-sunflowers
[main blocks (450 x 240 ft.)], (2) three conservation tillage treatments;
conventional tillage, minimum tillage, and no-till [main plots (150 x 240 ft.)],
(3) three fertilizer nitrogen rates; 0, 20, and 40 lbs N/ac for crop-fallow and 30,
60 and 90 lbs N/ac for continuous cropping sequence (subplots 150 x 80 ft.) and (4)
two cultivars, standard (check) and current "best" (sub-subplots, 75 x 80 ft.).

The experimental area had been in spring wheat in 1982 and in 1983 it was, the
first year of the lease, uniformily cropped to sunflowers. We applied 1 lb/ac
active ingredient (ai) of Treflanl/ granular herbicide using a granular
applicator mounted on an undercutter sweep which served as the first tillage. This
was followed by a tandem disk operation ahead of planting. The site also received
40 lbs N/ac from ammonium nitrate before disking. The sunflowers yielded about
1500 lbs/ac and used all available soil water to a depth of 5 feet. The minimum
soil water depletion point for the experimental site averaged 11.5% + 0.5 by volume
weight or 1.67 inches of water for each l-foot increment to a depth of 5 feet.
Therefore, the total soil water content at the minimum depletion point for the
5-foot soil profile is 8.4 inches. This value will serve as the base upon which
available soil water and crop water use will be calculated in future years.

In the fall of 1983, we took soil samples (9 samples per main block) from the
0 to 3, 3 to 6, and 6 to 12 inch depths and by 1 foot increments from 2 to 5 feet
for soil analysis to provide the base data for chemical and physical soil
properties before treatment variables were initiated. Bicarbonate soluble P ranged
from 8 to 12 ppm. We applied a uniform broadcast application of 40 lbs P/ac from
concentrated superphosphate in October 1983. Soil test P in the 0 to 6 inch depth
when sampled in the spring of 1984 ranged from 18 to 26 ppm. Soil NO3-N averaged
46 lbs N/ac to a depth of 5 feet.

In 1984, we established the crop-fallow cropping sequence by planting spring
wheat after sunflower in one block and fallowing a sunflower block. For the spring
wheat-winter wheat-sunflower sequence, spring wheat was planted in the spring wheat

1/rrade names of herbicides and farm equipment used in this report are given for
the benefit of the reader and does not constitute endorsement or a recommendation
of the product by USDA-ARS.
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and winter wheat blocks and spring barley was planted in place of sunflower to void
planting sunflower two years in a row in the same block.

By the 1985 crop season all cropping sequences, tillﬁge treatments, N ratgs,
and cultivar variables were in place. The conventional tillage treatment consists
of using the undercutter sweep as needed between crop sequences and uging a tan@em
disk once just ahead of planting. The minimum tillage treatment.conslstg of using
the undercutter only once or twice between crop sequences and u51ng.chem1cal weed
control as may be needed thereafter. The no-tillage treétment c0n81§ts of only
herbicide spray operations as may be needed., A descr iption of all tJ..llage and
spray operations being used in the two cropping sequences are shown Ln'Table 1.
‘our tillage treatments may also be defined in terms of target crop residue levels
at planting when the previous crop was spring wheat or w%nter wheat ag ?ollows:
conventional tillage, 30% or less crop residue on the soil surface; mlqlmum
tillage, 30 to 60% residue cover; and no-till, 60% or greater Crop res1§ue cover.
Therefore, we do not have a fixed number of tillage and/or sgtay operations but
rather a system of tillage, plus spray and spray-only operations as may be needgd
for weed control and for obtaining target residue maintenance leyels. Qur combine
is equipped with both a straw spreader and a chaff spreader. This spreads the
straw and chaff over the width of the header.

The major soil fertility variable in this study is N-rates, since P was
uniformly applied at a one-time high rate to maintain avalléble P at an adequéte
level for many years. All N rates are broadcast in the Spring ahead Qf planting
for the spring-planted crops and as a topdressing in late April f9r winter wheat.
Soil samples are taken by l-foot increments to a depth of 5 feet in the fall aft?r
harvest and again in early spring before planting to determine soil water and soil
NH4-N and NO3-N contents. These data, along w%th total plant N in grain and
straw, will provide the base data for determining the most optimum and
cost-efficient N rates needed.

We hypothesize that interactions of crop cultivars and the tillage-nitrogen
variables are important. Therefore, we are using a standard, or most popular,
cultivar of a particular crop grown in the area as the check cultivar. The other
cultivar is chosen for its expected, or known, improved performance in no-till
cropping systems. Additionally, we are currently testing 5 to 10 cultivars of
winter wheat and spring wheat in other no-till studies on large field scale basis

to determine "best" cultivars for use in this study. Similar studies are being
conducted on sunflower cultivars.

The major measurements being taken include: soil water at harvest, at soil
freeze-up, and in the spring; residue quantity at harvest, in the spring, after
planting, and periodically during fallow; plant population; plant growth and
development; snow retention or trapping; soil physical properties (soil aggregate
stability, bulk density, soil texture, etc.); soil test N and P; crop yield and
quality; weed populations; plant pathogens and epidemiology; insect populations;
soil and atmospheric environmental data; and crop canopy and residue spectral
reflectance data. Long-term variables under investigation include changes in

physical and chemical soil properties, N and P cycling and nutrient balance, and
soil organic carbon.

Our goal is to use "best" management and cultural practices for each
gonservation tillage-cropping system. The planting equipment is very important for
it is critical that the same plant population be attained in all treatments within
each crop. Therefore we use the same drill for a given crop across all tillage
var@ables. The Bettenson (Melroe) double disk no-till drill is used for planting
spring wheat, a 8010 Haybuster no-till drill is used for planting winter wheat, and
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a 8000 IHC no-till 4-row unit planter is used for sunflower. These drills are
capable of establishing a good plant population in crop residue levels up to 3000

lbs/ac.

The Haybuster undercutter with granular herbicide applicator is the principal
tillage implement used in both conventional- and ninimum-till systems, The l6-foot
machine is equipped with 32-inch sweeps, and decreasing blade angle from toe to
heel which permits consistent shallow depth (2-inch) operations. A l4-foot tandem
disk is used ahead of planting in the conventional-till plots. Our sprayer was
developed to perform as a ground-speed driven, pump injection system so that
quantity of herbicide ahd water can be accurately regulated along with droplet size
to provide optimum weed control. At the present time we are using Glean at 1/4 oz
ai/ac, Roundup plus 2,4-D at 0.4 lb and 0.4 1lb ai/ac, respectively, for long-term
weed control in the no-till spring wheat-fallow sequence. In the spring
wheat-winter wheat-sunflower sequence we are using Roundup + 2,4-D for grassy and
broadleaf weeds on the no-till spring or winter wheat plots. For sunflowers we are
using Treflan TR10 granules for conventional- and minimum-till sunflower
production. For no-till -sunflowers, we are currently experimenting with a fall
application of Surflan at 1.25 lbs ai/ac plus a spring burn-down application of
Roundup plus 2,4-D just before planting. We also applied Furadan insecticide at
1/2 1b ai/ac in the sunflower seed row to assist in insect control in all tillage
systems. Broadleaf weeds within the spring wheat or winter wheat plots are
controlled with a herbicide mixture of Brominal and 2,4-D ester each at 6 oz ai/ac.

The large size of the field plots in this study provide many advantages to the
various research disciplines involved. (1) The plots are large enough,
particularly the tillage (150 x 250 ft.) and N rate by tillage plots (150 x 80 ft.),
to accommodate independent sampling sites for soil water and soil nutrients, plant
growth and yield, weed populations, insect peopulations, plant and atmospheric
sampling for pathogenic activities, etc. (2) The relatively large plot size
provides additional border areas between treatments which can be used to reduce the
confounding effects of one treatment on another in relation to plant pests
(disease, insect and weed problems) associated with a given treatment. (3) This
field size .experiment also provides a potential for correlating spectral signatures
from hand-held and satellite-mounted sensors with dry matter, crop yield and crop
residue measurements to aid in land resources assessments of soil production and
protection. (4) Since we are using field-size commercially available farming
equipment for all operations, the applicability and acceptance of the results by
producers has been enhanced appreciably.

80



*SYV-vasn Aq 3onpoid ayj JO UOTILPUSUWODDI B IO JUSUSSIOPUD
23N3T3SUOD JOU SI0p pue ISPEA1 dY3 JO ITIB3U=2q 3Y3l 103 uaaTh 21 jusudinbe waxey pue seproTqIay JO Saueu speil4

*sI1amoriuns burjuerd jo peaye sy@em § 3noge butids A1ies InoIepun

ﬁﬁ.mosmoohauv putjuerd 3e Aeads

ﬁacmauusmv Keads TT1eRd

putjuetd 309110
asaaiey je Aeadg

puryuerd 3e Aeads
1saaiey 3e Aeadg

purquerd e Keids
(somty Z) Aeads

burtjuetd 3e 3noispun

+mcﬁumm ut #oﬂma\z Inoa2pun

juamjeai3 TTeJ oN

butjuetd 3e 3noaspun
3SSAIRY 3B IndILapun

Bbutjuetd 3e 3noaepun
3sa2AIey 3@ 3IndIapun

burjuetd e Keiadsg

Aeads ‘(sawt3l 7) 3anoaspun

burjuerd 3e 3ys1d
+mcﬁu&m ur 3Inoaapun
Juswjeaiy TreF oN

burjuerd 3e ysta
3ISSAIRY 32 InOIapun

butjuerd 3e ysia
3Is8AIRPY 3P 3Inoaapun

butjuerd 3e ysia
(sawty %-¢) noaapun

UMM 1233E
IaMOTIUNS

ymds 1a33e
Jeaym I93UTM

UMM I1933F®
jeaym burtads

IamoTIuns-yMM-HMdS

doi1D
MoTTRd

3OHHMNMOHU

TTT3-ON

TTT3I-WNUTUTH

TIT3 TeUOT3IUAUOD

saouanbas butddoiDd

*saouanbas burddoio ayz ur pasn suotieiado Aeads pue 26e7TT13 JOo uoraxdiaosad T ITqRL

81



