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Tillage and Landscape Position Effects on Soil
Properties and Crop Production.
By
Bhairav R. Khakural

The management problems assoclated with utilizing a
single cropping system across an undulating landscape that
contains well and poorly drained soils were addressed.
Results from this work will aid farmers in making thelir
tillage and crop rotation decisions.

Four tillage treatments (moldboard plow, chisel
plow, ridge-till and no-till) and three cropping sequences
(continuous corn, corn after soybean, and soybean after
corn) were arranged in a split plot design on a well
drained Beadle and poorly drained Worthing séils.

Worthing soil surface has a significantly lower
hydraulic conductivity and higher volumetric moisture, pH,
avallable phosphorus and potassium than the Beadle soil.
Crop emergence and grain yield were s;gnificantly reduced
in the Worthing soll compared to the Beadle soilil across all
tillage systems.

Ridge-till] and no-till treatments behaved
differently from moldboard and chisel plow treatments with
respect to overall physical properties in the Beadle soil.
Ridge-ti1il1ll and no-till plots had significantly higher

volumetric moisture, lower soil temperature and higher bulk



density than the moldboard plow and chisel plow plots. No
significant difference in water use (evapotranspiration)
was observed between tillage treatments in either soil.
Little difference in physical properties of the Worthing
soll was observed due to tillage except for a higher bulk
density in the ridge and no-till treatments than other
tillage treatments. Few differences in chemical properties
due to tillage systems were found in these soils. A
significantly higher pH was observed in the moldboard plow
and chisel plow Beadle plots thanm in the ridge-;ill and
no-till plots. Ridging in the Worthing soil significantly
increased nitrate levels at 0-0.60 m compared to chiseling
and no-till treatments.

Little difference in crop developmeﬁt and grain
yield was observed in either soil due to tillage in 1986.
Moldboard plowed Beadle plots under continuous corn
produced significantly higher leaf area most of the growing
season and grain yield than other til}age treatments 1in
1987. Moldboard plow behaved differently from other
treatments with respect to agronoﬁic parameters in the
Worthing soil in 1987 due to delayed plowing and the
resulting cloddy surface. Ridge-till or no-till systems
with corn-soybean rotations were found to be the best
cropping systems practices in fields comprised of different

proportions of well and poorly drained soils.
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INTRODUCTION

Tillage is defined as the mechanical manipulation
of soil with the objectives of promoting good tilth and
Y Produd®lon. For centuries farmers have tilled the
solil for three primary reasons: (1) to control weeds, (2)
to prepare a suitable seed bed and (3) to incorporate
organic residues.

Prior to this decade, farmers had few tillage
options. Starting in the 1970°s, a number of tillage
systems evolved ranging from no-tillage systems to several
reduced tillage systems.

Over the years, conventional tillage systems
involving moldboard plowing and extensive secondary tillage
prior to planting have been successful over a wide range of
soils. Even today, these tillage systems do an excellent
job of preparing the seed bed, incorporating crop residues
and controlling weeds. However, they contribute to soil
erosion, are labor intensive and are ineffective in
conserving soil moisture.

Sustainable agriculture depends on wise management
of soil and water resources. These resources are
endangered as soil erosion becomes a growing problem in
many agricultural areas of the Qorld. Soil erosion 1is
severe in areas with steep slopes, intensive rainfall, and

poor soil management. Asia has the most severe water



erosion problem of any of the continents (166 t km-2
year_l), followed by South America and North America (93

and 73 t km~2

year'l). Nearly 3 billion tons of soil are
lost each year from U.S. cropland. In some countries of
Asia and South and Central America the damage due to
erosion appears to have reached the point of no return.

The conservation compliance provision of the 1985
Food Security Act has increased the interest of farmers in
reduced (conservation) tillage systems to bring soil
erosion to ;cceptable levels. Conservation tillage is one
of several cost effective tools available to producers in
their soil and water conservation efforts. Conservation
tillage is defined as any planting and tillage system that
retains at least 30% crop residue cover on the soil surface
after planting. The benefits of conservation tillage -are
reduced soil erosion and down stream pollution, potentially
higher economic returns in some soils, increased soil
organic matter, reduced fuel use, reduced soil compaction,
and improved water holding capacity of soils. Conservation
tillage practices can reduce soil loss as much as 90%
compared to conventional tillage.

Many farmers in the U.S. have adopted conservation
tillage practices. The use of conservation tillage
(particularly minimum tillage) increased dramatically from

SRSl ndlldonsaeres, in 1973 to 88 million acres in 1981. A



1986 conservation tillage survey indicated that 32% of US
cropland was under conservation tillage. USDA estimates
that 95%Z of US cropland may be under conservation tillage
by the year 2010. Conservation tillage 1s used primarily
on corn, soybteamn, and small grainms.

Performance of specific conservation tillage
systems is often inconsistent. They differ from one
geographic regicn to another, from soil to soil, and from
one year to the next. Soil and landscape factors are found
to dominate the crop yleld differences between conservation
and conventional tillage systems. Conservation tillage is
most suitable on well drained light textured soils.

Farmers utilizing no-till systems have had problems in
somewhat poorly and poorly drained soils. Yields of
continuous no-till corn are generally lower than
conventionally tilled corn in such soils. Use of a
corn-soybean rotation under no-till has improved yields in

some poorly drained soils. Rjdge till planting has been

Suggested as an alternative for no-tillage on poorly

drained soils.

Most corn and soybean reduced tillage research has

been conducted in eastern corn belt states. South Dakota

differs from these states in amount of precipitation, early

s
€ason temperature, and occurrence of poorly drained soils.

Eastern South Dakota receives 610 mm precipitation
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Gannallys., This area is usually short of water at some time
during the growing season. Frequently drought occurs
during a critical growth period of the crop.

The glacial morainic landscape of eastern South
Dakota consists of moderately rolling hills with many
closed undrained depressions. Due to its rolling
topography, the sollscape of eastern South Dakota 1s an
intricate mosalc of soills with varied soil drainage. Well
drained, somewhat poorly drained and poorly drained soils
are commonly located on the same farm and frequently in the
same fileld.

As farmers make tillage selections, they need
reliable findings of replicated tillage trials that
transcend soil drainage classes and are comprised of common
crop rotations. Therefore, it was essential to conduct a
tillage and soil drainage interaction study 1in the corn and
soybean producing region of South Dakota. A study was
conducted at the Eastern South Dakota Soil and Water
Conservation Research Farm near Madison with the following
objectives:

e, To study the interactive effects of tillage systems,

and soil drainage class (well and poorly drained soils)

on :

a. Soll physical properties

b. Soil chemical properties



c. Crop development and grain yield

To study the effect of tillage systems, cropping
sequence and soil drainage class (well and poorly
drained soils) on crop development and grain yield.
To evaluate tillage and crop rotation systems best
suited for a field comprised of both well and poorly
drained soils.

This study was based on the following hypotheses:
Conservation tillage plots will have higher surface
bulk density, lower surface hydraulic conductivity,
higher surface moisture, and lower surface temperature
than the conventional tillage plots.

The emergence and yield of corn and soybeans will be
less in the poorly drained Worthing soil than in the
well drained Beadle soil. The yield reduction due to
drainage class will be less than those reported in the
literature because of drier conditions in South Dakota.
The ridged seed beds will dry faster and have warmer
soil temperatures than flat seed beds in the other
tillage systems on the poorly drained soils.
Conservation tillage practices will produce higher (or
equivalent) yield than the conventional tillage in the
Beadle soil. Ridge till will have better emergence and
produce higher yield (equivalent to the conventional

and chisel plow) thanm no-till plots in the Worthing



soils.
5. A cornm after soybean rotation will perform better than
continuous corn under conservation tillage systems.
The outcome of this research will be applicable to
those reglions of the northerm or western corn belt that

have an undulating topography.



LITERATURE REVIEW
I. Tillage Effects on Soil Physical Properties.
A. Soil Structure

Soil structure or aggregation affects soil water
and air relationships. The size, shape, and stability of
soil aggregates control the pore size distribution and
continuity, which in turn affect many other soil physical
characteristics. Successful tillage systems depend on
suitable soils and the maintenance of optimum soil
structure "(Carter, 1987). Soil with good structure
provides the best conditions for supplying water and
nutrients to the plants (Kononova, 1966).

Organic matter is the most important factor inm the
formation of good soil structure. A good correlation was
often observed between organic matter content and improved
soil aggregation (Blevins et al., 1985). Soil with good
structure maintains aggregate stability upon abruét changes
of moisture and intense rainfall. Therefore, water stable
aggregation is sometimes used to evaluate soil structure.

Generally, as tillage intensity increases soil
aggregation decreases (Mannering et al., 1975). A higher
soil aggregate stability was observed in soils managed
under conservation tillage systems as compared to the
conventional tillage systems (Mannering et al., 1975).

Enhanced surface aggregate stability with no-till and



shallow tine cultivation systems was reported in the United
Kingdom (Douglas and Goss, 1982). Burch et al. (1986)
observed the highest aggregate stability in the top
0.05-0.1 m of soil with minimum disturbance. After five
years of no-tillage, Boone et al. (1976) observed a
decrease in small size aggregates and an increase in
overall aggregate stability.

All tillage systems enhanced organic matter
decomposition and decreased aggregate stability compared to
a virgin setting (Douglas and Goss, 1982). However, this
trend was minimized by a reduced tillage system compared to
a conventional tillage system.

Improved soil structure and aggregate stability
associated with conservation tillage systems was due to
increased organic matter in these systems as compared to
the conventional tillage system (Mannering et al., 1975;
and Douglas and Goss, 1982). The increased faunai
population under no-till system improved soil structure and
increased infiltration (Edwards and Lofty, 1978; and Hopp
and Slater, 1961). While feeding on organic materials and
burrowing in soils, earthworms secrete gelatincus
substances that coat and stabilize soil aggregates.

In addition to increased organic matter, surface
mulch also protects soil aggregates from disintegration by

sheering forces of falling rain drops (Blevins et al.,



1984). Tilled soils without surface mulch slaked during a
rain and formed a surface crust (Ehlers, 1979; Opara Nadi

ElEGRIE 80 8 Vanderweert, 1964; and; Roth et al., 1988).

B. Porosity, Bulk Density, Hydraulic Conductivity, and
Infiltration.

Bulk density and porosity influence water and air
movement in the soil and influence the potential
productivity of a given soil. These properties vary with
the tillage treatments. Research conducted over a wide
range of soil types and climatic conditions show
contrasting results.

Total porosity of the surface soil layer (0-0.1m)
increased as tillage intensity increaséd (Ehlers, 1979). A
reduction in total porosity under no-till or conservation
tillage systems as compared to conventional giliage has
been reported‘by many researchers (Army et e« gl 1961y Aasie
et al., 1980; Carter and Rennie, 1984; Cannel et al., 1977;
Douglas et al., 1980; and Heard et al., 1988).

Some tillage studies showed no significant change
in bulk density between conventional and no-tillage systems
Glele vigss et . adics- 1983; Sheari,ed9695.dld 1. amd Cruses« 19859.
Wheel track compaction appeared to be ameliorated by the
freezing.and thawing cycles in the winter months (Blevins

esal. - 1983). Bauder et al. (1981) observed no effect
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either due to position (row or interrow) or tillage systems
on bulk density during the tenth year of a study on a Typic
Haplaquoll in Minnesota. Penetrometer resistance or cone
index (CI) was found to be a more sensitive indicator of
tillage and traffic induced changes than bulk density
(Bauder et al., 1981; and Culley et al., 1987). However,
SppPINidat o "of mulch on Alfisols 4o Nigeria decreased bulk
density of the surface soil and prevented the formatioﬁ of
a surface seal (Opara Nadi et al., 1987; and Vanderweert,
1964).

A significant increase in surface bulk denéity was
observed under no-till (no-till) as compared to a
conventional tillage system (Gantzer and Blake, 1978; Roth
SIEEgeIn = WEOI3 8 M NIe*'S m irt*h” se't! Ta v, 1987 ; D&uglas elianl,. , 1980
Effdiple'om’ *afnfd" Siofafmfe ,' "1'977 ; E11 {i's" ‘et ‘al .4, 1979 ; ‘Cannledl =t .al.,
B Sud' “BNrelf Yer tal. , 1986). A significan£ increase 1in
CI values was‘also reported under no—tili (‘n'o— t41MEE a s
compared to conventional tillage (Pidgeon .and Soane, 1977;
S S RIS NIigNt sl Bauder @'t 'al .q,) 1981; Hamlin et al.,
1986). The equilibrium bulk density values under no-till
were attained within 3 years, but CI of the subsoil
continued to increase with time. Some light textured soils
(loamy sands) presented more potential compaction hazards
Vith no-till than médPum 'vextired sofls *(El11s,*¥9727; and

Hamlin et al., 1979). This may be due to limited
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opportunity for stable macropore formation in light
textured soil. Periodic deep chiseling and moldboard
plowing was suggested for the amelioration of tillage pans
and increasing infiltration (Bauder et al., 1981; NeSmith
IR SN T Mand*  Campbell et "alt, 1974).

However, improved aeration and macro-porosity was
reported "in 'some soils under no-till (Cannel et al., 1977;
ISR R9 756 o *and "Vielra';*" 19'81). " "THeyralso reported
that continuous macro channels were formed in no-till soils
due to the lack of disturbance by tillage equipment.
Macro-pore continuity may also be maintained in . no-till
systems due to increased earthworm activity (Ehlers, 195755
Mackay et al., 1985; and Lee, 1985), and voids left by
decomposing roots (Gantzer and Blake 1578). More
bio-channels were found in a no-till system thanm in a
plowed system (Ehlers, 1975; Boone et al., 19}6;.and
Shipltalo et al., 1987). Zoological actiQity, which
consisted mainly of burrowing earthworms, resulted in 2-9
times more bio-pcrosity in no-till pedons tharn in
conventionally tilled pedons. Although fewer channels were
observed at the 0.1-0.3 m depth of a no-till soil than of a
Plowed soil in Indiana; the channels were mostly continuous
under no-till (Heard et al.,1988).

Contrary to the above findings, many researchers

reported a decrease in macro-porosity under no-till systems
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as compared to a conventional system (Pidgeon and Soane,
1977; Douglas et al., 1980; Gantzer and Blake 1978; and Van
Ouwerkerk et al., 1970). Ehlers et al. (1979) in Germany
observed an increased volume of macro-pores (>5 micron) by
plowing compared to no-till but the continuity between top
soil and subsoil was reduced.

No-till not only reduced total pore space but also
changed the pore size distribution. Larger pores

disappeared and the finer pores predominated with time (Van
Ouwerkerk et al., 1970). Hill et al., (1985) observed that

soil under conventional tillage had a larger proportion of
its pore volume in space >15 micronm radius as compared with
soils under conservation tillage. Conservation tilled
soils on the other hand contained a larger proportion of
pores in the 1-15 micron pore radius interval. A
micro-morphometric analysis indicated that the surface

horizon of no-till plots contained approximately half the

macro-porosity (pores >=200 micron equivalent circular
diameter) of those of conventionally tilled plots
(Shipitalo and Portz, 1987). Less macro;porosity was
characterized by a decrease in the mean pore size and a
tendency for pores to become elongated, less tortuous, and
oriented parallel to the soil surface. Since
conventionally tilled soils contained the greater

proportion of larger pores, these soils seemed to be mcre
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susceptible to compaction than the soils under conservation
tillage systems (Hill et al., 1985).

Many researchers reported an increase in saturated
hydraulic conductivity (K-sat) and infiltration rate under
no-till as compared to the conventional tillage system
(Tyler, 1977; Lee et al., 1985; Barnes et al., 1979; Ehlers
et al.? 159 7Zi55: ¢ Blle'vin's ‘e't! a’lhd, "1'98:3% " Tolln'er:'et "al.’,’ 1985;
Lee et al., 1985; Ehlers, 1975; and Goss et al., 1978).
Maintaining mulch on the surface usuélly increased the
infiltration capacity of soil under no-till (Triplett et
al., 1968; Lal, 1981; Opara Nadi and Lal, 1987; and Roth et
al., 1988). The increased infiltration with the no-till
system was attributed to a greater concentration of organic
matter at the soilil surface (Triplett et al., 1968; Lal,
1974). Infiltration was also influenced by surface seal
(Roth et al., 1988). Residue protec;ed the soll surface
agalinst rain drop impact energy therefore maintaining
surface soil structure (Smika and Unger, 1986). 1In solls
with poor structure and low organic matter, the mechanical
loosening effects from tillage were soon‘lost by rain drop
impact (Blevins et al., 1984). Application of mulch on the
surface decreased formation of surface seal and increased
infiltration (Army et al., 1961; and Roth et al., 1988).
One hundred percent cover on the surface of an Oxisol in

Brazil led to complete infiltration of a 60 mm rarn,

] | LIRRARY
?ONFABNGGS

}S:Jih Dakota State Umv%;&;y
Brookings, sp 57007-
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whereas only 20%Z of the applied rain infiltrated when the
sodlly was.bare (Roth et al.,i:1988)«

Other researchers attributed the increased
infiltration under no-till to increased earthworm activity
Weless 1985¢ Eblers,.1975;4and Mackay et.al.,_1985). kA 2=15
fold increase in infiltration rate was reported in some
field and greenhouse studies due to earthworm activity
(Kladivko et al., 1986; Lee, 1985; and Ehlers, 1975).

Rapid water movement was reported under no-till through
macro-pores (Taylor et al., 1977). Even at low rainfall
rates, water moved rapidly through vertical, continuous
macro-pores (mainly earthworm burrows) in a field that was
not tilled for more than twenty years (Edwards et al.,
1988). Even though the continuity of the macro-pores was a
factor, the lack of disturbance by tillage equipment under
no-till favored the mainternance of a continuous hydraulic
system of finer pores from one layer to the next (Ehlers,
189768 Edild 'sh, . 107 9%.and, Blevins, et.adsp 1984)

In other studies, K-sat and infiltration rates
decreased asltillage intensity decreased. Lower surface
K-sat and infiltration values were reported for no-till as
compared to conventionally tilled systems (Lindstrom et
al., 1984; Lindstrom et al., 1981; and Heard et al., 1988).
In a long term conservation tillage study in Indiana, Heard

et al. (1988) observed significantly greater K-sat values
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in the moldboard plow treatment as compared to other
treatments (chisel plow, ridge-till, and no-till). The
difference in K-sat values between two soils (Typic
Haplaquoll and Typic Ochraqualf) was greater than the
difference among the tillage treatments (Heard et al.,
1988). However, during a heavy rain period (93 mm), profile
recharge for conventional tillage, till plant, and no-till
was found to be 34%Z, 34%Z, and 447 less than chisel plow,
respectively (Johnson et al., 1984).

Tillage effects on soil physical properties (such
as bulk density and K-sat) also depend on time of the year
when the measurements are taken and soil depth. Lower
surface K-sat values were observed under no-till soon after
planting while no significant difference was observed at
harvest between the no-till and conventional tillage
systems (Gantzer and Blake, 1978). No significant
difference in K-sat values was observed below a depth of
0.3 m due to tillage practices (Blevins et al., 1984).

Generally reduced tillage lessens soil compaction
due to wheel traffic. Traffic pans were observed under all
tillage systems (fall moldboard plowing, spring disking,
and ‘no-till) except fall chisel Plowing in Minnesota

B
(Bauder et al., 1981). Tratfic pan development was also

re
Ported in Piedmont soils under continuous conventional

Lot 8 53
ReS (Tollacriet al., 1984); and in Oxisols of Brazil
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under conventional and, to a lesser extent, minimum tillage
(Roth et al., 1988). 1In a controlled wheel traffic
experiment, normal wheel traffic had soil compactive
effects to a depth of 0.45 m (Voorhees et al., 1978; and
Voorhees, 1983). The subsoil compaction persisted for long
periods even in regions subjected to annual freeze-thaw
cycles (Blake et al., 1976).

An Iincrease in bulk density was reported due to
wheel traffic (Voorhees and Lindstrom 1984). Under normal
cereal harvesting conditions in Scotland, a single pass
with a combine harvester across a variably drained sandy
clay loam soil increased the bulk density to the depth of
previous primary tillage; with no-till, no significant
increase in moist bulk density occurred beyond a depth of
0.06 m (Pidgeon and Soane, 1978). Soane et al. (1982)
suggested that no-till soil becomes pre-compacted
(consolidated) and acquires sufficient strength to carry
traffic without more compaction.

Significanty lower K-sat values were observed for
the traffic interrow compared to the non-traffic interrow
and row areas (Cassel, 1983). Wheel track effects on
infiltration soon after planting was greater than those due
to tillage, but there was no wheel tracking effect observed
on no-till (Lindstrom et al., 1981). Saturated hydraulic

conductivity values measured in vertically oriented soil
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C. Soil Molisture

Conservation of soill moisture is one of the major
advantages of reduced tillage systems. Numerous studies
have shown greater volumetric water content at the surface
layer of solls under conservation tillage practices than
conventional tillage (Tollner et al., 1984; Mielke et al.,
1986; NeSmith et al., 1987; Mannering et al., 1975; Blevins
SlERaulees . 01983 ; , Negl et al.,.1981; Gantzer and Blake, 1978;
BindaEaNLe e 1981 Hill,et,al.y,, 1986b; Izaurralde et al., 1986;
Aase and Siddoway, 1980; and Agboola, 1981).

No-ti1ll soil contained higher surface moisture
compared to conventional tillage during most of the growing
period (Mannering et al., 1975; Johnson et al., 1984;
Phillips, 1984; Lal, 1974; and Agboola, 1981). The subsoil
LS -0: 9200 m)s water content for mo-till was also reported
as high or higher than the conventional treatment
(Phillips, 1984; Nelson et al., 1977; and Izaurralde et
@lss01086). Surface (0-0.076 m) volumetric water content
Pl antipg, for no-till, chisel plow, td 1 di=pdsa nty, e and
conventional tillage was reported as 0.324, 0.279, 0.267,
and 0.246 m3 m—3, respectively.on a s8idlt loam seil, (Typic
Argiudoll) in Wisconsin (Johnson et al., 1984). Research
conducted at five locations from East Central USA to the
Great Plains indicated that volumetric water content for

0-.15 m surface layer ranged from 8-66% higher in no-till
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than in plowed soils (Mielke et al., 1986).

A tillage study on a clay soil in the U.K.
demonstrated that yearly variation in moilisture storage
depended upon the amount of winter rainfall (Goss et al.,
1978). When the winter rainfall was close to or greater
than the long term average, the maximum soil water content
of the upper 1 m differed little between the cultivation
treatments. In contrast, after a dry winter, about 10%
more water was stored in the no-till soils as compared to
the plowed soil.

Increased moisture in the no-till and conservation-
tillage systems was attributed to reduced evaporation from
the residue covered surface (Blevins et al., 1971, 1985;
BIREMINENpIs'  Mi1198i4k | Tedplett eiti al.s, 1968w Griffith et al.,
oW EandBUngetdet al., 1978),,greater abilitygto store
moisture due to pore size distribution (Blevins et
TSN 9wNY) smbe titerh dnfiltration  (Griffith et al., 1977) and
catching more snow (Smika et al., 1986). Increasing
quantities of crop residue cn the so0il surface reduced the
evaporation rate, and lengthened the duration of the first
stage drying (Bond et al., 1969; Russel, 1939; Army et al.,
9'6"; Aase etfal-.y 1980;  Cannel et ali., 198035 and Tonaka et
al., 1985). A positive correlation was found between soil
water content at planting time and the amount of wheat

residue on the soil surface during fallow (Unger et al.,



20

1986). The presence of mulch on no-till cornm plots almost
eliminated the loss of moisture by direct evaporation from
the soill surface prior to the crop canopy closure (Hill and
Blevins, 1973). Maintaining crop residue at the soil
surface shaded the soll and served as a vapour barrier
agalnst water loss (Triplett et al., 1968).

In an evaporation comparision study in the Northern
Great Plains, Aase et al. (1986) reported that soll water
evaporation during summer months was about the same for all
tillage treatments. However, fileld and laboratory studies
showed that the drying rate of 0-12.7 mm portion of the
soil profile was greatly reduced by the presence of plant
residue on the surface. Under field conditions, soil
moisture content below 51 mm was not materially increased
by surface residue. By using a numerical dynamic model,
Ross et al. (1985) in Australia predicted a 15% reduction
in water loss by mulch over 6 days.

There are disagreements as to whether the increase
in soil water retention occurring with conservation or
no-till systems actually benefits plant growth. Tollner et
al. (1984) observed significantly less plant available
water in the surface of a no-tilled soil as compared to a

conventionally tilled soil. They indicated that some

tillage at an appropriate time might result in more plant

available water. In another study in Europe, no difference
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in plant available water was found bétween tillage
treatments although total soil water retention was greater
for no-tillage (Van Ouwerkerk and Boone, 1970). However,
Negi et al. (1981) observed twice as much plant available
water in no-till as in the conventionally tilled plots. i &
was also implied from a soil water retention and pore size
distribution study that conservation tilled soil should
retain more plant available water than conventionally
illed satl (Hill et, al., .1985). During years of either
low or favorable rainfall, increased water retention
capabilities of no-till soil increased crop yield (Blevins
SR RIRNE S ll97 1:0 and. Tollner: etpal., 1984).n: In a dry summer
followed by a dry winter, winter wheat extracted up to 22
mm more water from no-tilled soils than plowed soils (Goss
SItAERIEas L 1107.8 ) .

The extra water conserved under no-till could
occasionally be disadvantageous (Blevins et al., 1983; and
Tollner et al., 1984). Excessive soil water contributed to
denitrification loss of nitrogen fertilizer (Blevins et
al., 1983). Water and nitrogem.can be.lost through
drainage from the soil profile under no-till system
@ROMELnte By ye €& alany 198 4), .

A simple water budget model and the more
sophisticated Nitrogen Tillage Residue Management (NTRM)

model proved satisfactory for predicting soil water
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contents under both moldboard and no-till systems (Culley

alabs, 1987).

D. Soil Temperature

Conservation tillage systems leave most or a
portion of the previous crop residue on the soil surtface
and tend to minimize soil disturbance. These practices
influence soil temperature.

Energy losses by reflection, conduction,
convection, radiation, and evaporative cooling were all
found important in balancing incoming radiation and
determining soil surface temperature (Ross et al., 1985a).
Surface residues were reported to reduce surface soil
temperature by:

l. reflecting a greater fraction of incoming solar
radiation back to the atmosphere.

2. acting as an insulating layer between the air and soll.

3. altering the soil water balance which in turn affects
soil thermal properties (Van Wijk et al., 1959).

Much of the effect of residue on soil temperature
is caused by surface reflectance. Surface reflectance
varied with type of material on the surface, color of the
material and soil water content (Van Wijikivet al.y 1959).
Surface residue had higher solar reflectivity and lower

thermal conductivity compared to soil (Van Wijk et al.,
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BaS9s.. . Light colored surfaces reflected more, than dark
colared .sunfaces (Van Wijk et al., 1963). Similarly, wet
soils had a lower reflectivity than drier soils.
Therefore, aging and decomposition of residue after crop
harvest can change the reflective characteristics of the
crop residue. Generally, as the reflectance increases soil
temperature decreases (Van Doren and Allmaras, 1978). The
insulating effect increases as ;he residue mulch thickness
increases (Unger, 1978).

Although the amount of surface crop residue was the
most important factor controlling soil temperature in
different tillage systems, the difference in thermal
properties of the plow layer due to tillage might also
affect soil temperature (Wierenga et al., 1982). Bulk
density and water content of the plow layer could be
amended by tillage which in turm could influence soil
thermal conductivity, heat capacity and therefore, thermal
Sefusivity  (Alkmaras, 1977). Thermal diffusivity and
conductivity were significantly greater for no-till than
for conventional and chisel systems (Potter et al., 1985).
Prevalence of wind and soil surface roughness could also
cool the soil (Ross et al., 1985b).

Percent surface residue had a greater influence on
soil temperature (soil heat flux) thanm soil thermal

properties influenced by tillage practices (Gupta et al.,
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1983; and Potter et al., 1985). Only a minimal difference
in spring soll temperature was observed due to tillage
induced modification of thermal properties (Gupta et al.,
1983). Since mulched soil lost less water by evaporation,
it generally contained higher soil water. Its thermal
conductivity was greater, conducting heat to the greater
depths, and thus warming the seed zone less. The heat
capacity of wet soil was greater thanm that of dry soil
because the heat capacity of water is greater than that of
air. Therefore, the radiant energy increased the
temperature of dry soil more than that of wet soil (Gupta
SIS 983 sand, Potterset .al., 1985).

A lower surface temperature (4-7 06 swas
observed with mulched soil than a bare soil under different
agroclimatic conditions (Burrows and Larson, 1962; Gupta et
SNEN10I8 3 "Kamara, 19865 Gupta. and Gupta, 1986; Potter et
al., 1986). The average soil temperature under a specific
amount of crop residue was linearly related to air
temperature between 10-30 °C (Blackow, 1972). The effect
of surface residue was greater on the daily maximum soil
temperature than on the daily minimum (Gupta et al., 1983).
The lesser effect on minimum soil temperature was due to
decreased long wave radiation at night from the plant
residue covered soil surface.

Many researchers observed a reduction in soil
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temperature due to conservation tillage (Tollner et al.,
1984; Johnson and Lowery, 1985; Van Wijk et al., 1959;
Burrows and Larson, 1962; Griffith et al., 1973; Aase et
al., 1980; and Grevers and Bomke, 1985). Johnson and
Lowery (1985) in Wisconsin reported that the in-row soil
temperature at 50 mm depth was the highest 1in conventional
tillage, slightly lower in chisel, and the lowest in a
no-till system of corn production. The no-till system with
residue resulted in 5-8 °C lower temperature than in the
conventionally tilled system (NeSmith et al., 1987). Ross
et al. (1985a) in Australia reported that mulch could
reduce surface temperature up to 20 % by intercepting
incoming radiation. By the use of a dynamic model, they
predicted that mulch canopies that intercept 50-807% of
incoming radiation can keep surface temperature within
10-20 °C of ambient, whereas bare soil temperature may rise
30 °Cc above ambient (Ross et al., 1985b). The soil
temperature at any particular depth of a conventionally
cultivated treatment were warmer during the day and cooler
during the night than the soil temperature at the same
depth in direct drilled treatments (Aston and Fischer,
1986). Generally, maximum soil temperature was observed to
be 1-5 °C lower for no-till than the conventional tillage
during the first 30 days of crop growth for spring wheat in

Saskatchewan, Canada (Carter and Rennie, 1984). Difference
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in maximum and minimum accumulative heat sum and thermal
diffusivity between 25 mm and 200 mm soil depth were
related to variation in surface residue, soil moisture, and
crop canopy.

The major problem of conmservation tillage in corn
production in the northern climate was reduced soil
temperature (Al-Darby et al., 1987). The optimum average
soil temperature at 0.1 m soil depth for corn seedling
growth was reported as 24 °C (Willis et al., 1973). Even a
small change in soil temperature of 1 ¢ significantly
affected corn growth rates (Walker, 1969; Barlow, et al.,
1977). Depressed soil temperature often delayed seed
germination, slowed corn seedling growth, and ultimately
reduced the yield of corn grown in areas with cool and wet
springs (Gupta et al. 1983).

Ridge planting could maintain soll temperature
between moldboard plow and no-till systems while
maintaining the residue cover (Radke, 1982). Soil ridges
tended to dry out faster and therefore, provided a warmer
seed zone environmment which improved germination and early
corn growth (Radke, 1982; and Randall, 1987). This method
of planting which placed the crop residues in the interrows
while leaving the row area free of residue, reduced the
temperature induced delay in plant growth while retaining

the other benefits of surface residue (Allmaras and Nelson,
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B3 d ) -

Tillage management also has a marked influence on
the amount of snow retained on the soil surface in the
northern United States. Aase et al. (1980) observed a 2-4
times greater snow accumulation on short and tall stubble
treatments respectively than on bare plots. The coldest
winter temperatures often occurred when the ground was bare
(without snow). In the absence of snow cover, crop residue
on the surface provided thermal insulation for the soil and
reduced the depth of soil freezing (Pikul et al., 1986). A
35%2 reduction in the depth of frost penetration was
observed under standing stubble as compared to the bare
surface. Another tillage residue management study in West
Central Minnesota showed that reduced tillage with residue
on the surface increased snow accumulation, which resulted
in decreased frost penetration, early frost disappearance,
and warmer early spring soil temperature (Benoit et al.,
1986) .

Soil temperature for some tropical soils are
supra-optimal. Surface temperature Iin these soils reached
B ghs & se il toy 480 °C: (Lal, 1974 and 1975; Khera et'al.,
1976). The decrease in soil surface temperature due to
COnservation tillage was reported to be beneficial under
such conditions (Lal, 1974). The direct Pplanting of gtalns

in chemically killed pasture kept the soil surface
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temperature low enough to avoid serious damage to the
emerging seedlings and a retardation of their growth in a

rapidly drying soil in northern Australia (McCown et al.,

1980).

E. Runoff and Erosion

One of the major advantages of conservation tillage
is erosion control. Conservation tillage systems left more
residue on the soil surface as compared to the conventional
tillage (Moldenhaur, 1985). 1In general, crop residue on
the soil surface effectively reduced runoff and soil loss
(Laflen et al., 1980; Larson et al., 1978; Mannering and
Mayer, 1968). Even a small amount of residue cover reduced
soil erosion. A 20-40% reduction in soil erosion was
reported for each 107% increase in residue cover (Laflen et
al., 1980; Wischmeier and Smith, 1978).

The effectiveness of any tillage method for
controlling erosion depends upon the amount of residue left
on the soil surface (Laflen et al., 1980). The percent
cover of the soil surface was even more important than the
amount of surface mulch. Therefore, it might be useful to
shred or chop crop residues such as corn stover to acquire
a more uniform cover over the soil surface. The
correlation between percentage residue cover and soil loss

applied equally to all tillage systems (Moldenhauer, 1985).
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No-till was generally the most effective means of erosion
control because more residue remained using this tillage
system. Numerous studies indicated a significantly lower
soll erosion loss under no-till as compared to a
conventional tillage system (Blevins, 1984; McGroger et
al., 1975; Harrold and Edwards, 1972; and Meyer, 1970).

The longer a field remained in no-till, the more effective
erosion control became. After 10 years of continuous corn,
soil loss was 18 fold higher in a plowed system than in a
no-till system. When ridge planting was done correctly
(making ridges across the slope), run-off moved down to the
ridges through the residue, accumulated in furrow bottoms,
and soill erosion was controlled effectively (Moldenhauer,
1885) .

The percent residue cover under different tillage
systems was not always correlated to run-off 1loss. Harrold
and Edwards (1972) observed almost equivalent amounts of
run-off from both conventional and no-till systems.

Another study indicated that the no-till system produced
the greatest amount of run-off regardless of residue
harvesting (Lindstrom et al., 1984; and Lindstrom'and
Onstad, 1984). Under such conditions soil erosion could be
a serious problem when residue is not present to reduce
flow velocity under no-till. Mueller et al. (1984)

observed lower run-off losses for the chisel system than



the other tillage treatments. In their study,
significantly lower runoff occurred for conventional and
chisel tillage systems relative to a no-till system
immediately after planting. At a later sampling period
run-off significantly increased for conventional tillage
and approached that for no-till.

Conservation tillage systems strongly influenced
the first stage of water erosion (Blevins et al., 1984).
The reduced erosion under no-till or conservation tillage
was due to:
1. Residue maintained on the soil surface effectively

dissipating the energy from rain drop impacts during a

storm.
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2. Improved soil structure and better infiltratiom. Stable

aggregates are not pulverized and destroyed by excessive

tillage.

w
.

The residue acting as a filter. Finer soil particles
and organic fractions moved by run-off water are
redeposited before they moved out of the area.
Therefore, rua—off water from no-till plots do aot

carry heavy loads of sediments.

4. The mulch keeping the soil surface wetter and preventing

problems associated with drying and crusting of the soil

surface.

The erosion control became less effective with
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conservation tillage after soybeans tham after corn. The
reduced amount of residue and quicker decay offered less
protection after soybeans (Moldenhauer, 1985). However,
there was no indication that no-till was less effective
following soybeans than following corm at equal residue
cover (Van Doren, 1984).

A successful living mulch system (living grass) was
found to be even more successful than the standard no-till
system in minimizing soil erosion and run-off, particularly
on sloping erosive land. This system could help meet non-

point pollution goals (Elkins et al., 1983).

II. Tillage Effects on Soil Chemical Properties.
A. Organic Matter and Nitrogen

No-till or conservation tillage systems leave all
or a portion of the crop residue on or near the soil
surface without (or with very little) mixing into the soil.
The distribution of total and organic nitrogen (N) followed
altrend similar to that of organic matter (Blevins et al.,
M855aDick,04983).

Both the total amount of organic matter and its
distribution were influenced by different tillage systems
(Blevins et al., 1983 and 1984). Many research results
showed a higher organic matter and organic N content at the

soil surface under no-till as compared to the ccnventional
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SRRlaRE Loy Stems (Lal ;19745 Blevins et al.,; 1983 and 1977;
AR RENaS8;: pand ke, 1987 ).+ The.research conducted at five
locations from East Central USA to the Great Plains showed
that organic carbon content of 0-0.15 m depth ranged 12-757%
bigher for no-till as compared to the conventional tillage
Giiiffelllkenet alia, rl986)a AfterslOiyears of corn production
in Lexington, Kentucky, the organic matter in the 0-0.05 m
soil layer under no-till was about twice as high as that of
conventional tillage (Blevins et al., 1983). However, no
significant difference in organic matter was observed below
Ono7Zsamudepthss(Blevins et al:;u1983; Dick, 1983 A
significantly lower organic carbon content was also
reported under no-till as compared té the conventional
tillage system below a 0.15 m depth of Hoytville (Mollic
Ochraqualef) bsoiljin.Ohio-(Dick, 1983). The total amount
ofRNsing 0-0u3+ym soil profile was also;reported to be
significantly greater under no-till than under plowed
treatmentw(D1icks, 1983). The amount of organic N increased
with increasing N fertilization in no-till. A rapid
decline in soil organic matter of the unprotedted'bare soil
surface was reported in the tropics due to surface erosion
of soil high in organic matter (Jenkinson and Ayanaba,

1873 )a

The rate of decay of plant residue returned to the

soil in no-tillage or conservation tillage system was a key
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factor in how well the total soil organic matter level was
maintained or even increased. Lucas et al. (1977) in
Michigan related changes in percent soil organic carbon to
cropping system over time. They postulated that soils had
a steady state or equilibrium level of soil organic matter,
This level was reported to change with cropping or type of
tillage. The steady state for a soil with 6% slope under a
continuous corn system in Michigan was reported to be 1.47%
organic carbon for spring plowed and about 2.3% for
no-till. Several earlier studies indicated faster organic
matter decomposition when residues were buried than when
they were left on the surface (Parker, 1962; Brown and
Dicky, 1970; and Sain and Broadbent, 1977). A faster
residue decomposition rate was also'observed under a
conventional tillage system as compared to a no-till system
(Rice and Smith, 1982). After 18-19 years of corn -
production, a 0-11%Z and 14-25% decrease in organic carbon
was observed under no-till and conventional tillage
systems, respectively, from the base level (Dick, 1983).
Since a comparable amount of plant material was synthesized
under both no-till and plowed systems, the reason for
no-till having'more organic matter wés concluded to be due
to a slower microbial decomposion of organic matter
(Blevins et al., 1984).

Plowing and other tillage operations increased the
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rate of decomposition (Blevins et al., 1985) and the rate

of loss of organic matter from the soil. Some reasons for

this are:

1. Disruption of soil aggregates which increases microbial
access to organic compounds.

2. Tillage breaks larger pieces of plant residue, thereby
increasing the surface area for microbial attack.

3. Mixing plant material with soil may result in a greater
or more uniform initial inoculation with saprophytic
microbes.

4. Aeration and physical environment in the soil surface
are favorable for microbial activity.

5. Incorporation of organic residue into soil usually
places it in a constantly moist environment while
residue on the soil surface is subjected to desiccation,
an effective method of preserving organic materials
(Giddens, 1957).

The slower rate of organic matter decomposition
observed for no-till contradicted the finding that a
no-till system compared to a conventional tillage system
usually had a greater or equal microbial populaﬁion or
activity (Blevins et al., 1984). The slower decomposition
in the no-till was probably due to the greater microbial
activity and population in conventionally tilled soils

immediately after plowing, a time when organic matter
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decomposition was rapid. More favorable moisture status,
and greateé quantity of substrate remaining in the no-till
soil could lead to a greater microbial activity in no-till
than in the moldboard plowed soil later in the season.

The immobilization and mineralization rates of
N in the soil control N availability. Immobilization of N
is expected under no-till because N fertilizer is often
placed on the soil surface where there is anm accumulation
of decomposable organic material. The N immobilization
during a five week period in the spring was observed to be
about twice as great in no-till soils as in conventionally
tilled soils (Blevins et al., 1983). Lower N
mineralization was also evidenced in direct drilled wheat
(Dowdell and Cannel, 1975).

Although enhanced immobilization did not result in
a4 net loss of N from the soil, it influenced N availability
to plants and might partly account for lcwer yields of
no-till corn at low nitrogen rates (Blevins et al., 1983).
Adding N fertilizer in excess of that normally recommended
for a conventional tillage system is a common practice to
alleviate immobilization of nutrients (Moschler ét al.,
1975; Davis and Cannel, 1975).

N mineralizatibn and availability was at least as
great in long term (10 years) no-till as in loﬁg term

conventional tillage plots (Rice and Smith, 1982). Total
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amount of nitrification in the soil surface (0-0.21 m) was
not signifiéantly different between tillage treatments on
an annual basis (Groffman, 1984). However, consistantly
higher nitrification activity was reported in the top 0.05
m of the no-till soils than in plowed soils; and a reverse
pattern was observed at lower depths (Groffman, 1984).
Denitrification and leaching of nitrate were other
processes influencing N availability in the soil (Rice and
Smith, 1982; and Tyler and Thomas, 1977). Excess moisture
in the poorly drained or slowly permeable no-till soil
promoted denitrification losses (Rice and Smith, 1982).
Consistantly higher denitrification was observed in the
surface (0-0.05 m) of no-till soil than in the plowed soil’
(Groffman, 1984); and a reverse the patfern was observed at
the lower depths. Lemme (1988) reported a higher
denitrification loss from the surface (0-.05 m) of
ridge-till than other tillage treatments (Moldboard, chisel
Plow and no-till) in Eastern South Dakota. Howevér, total
denitrification in 0-0.21 m was not found significantly
different on an annual basis. A lysimeter study 1in
Kentucky showed a deeper movement of nitrate in mo-till
than in conventional tillage systems eariy in.the growing
season (Tyler and Thomas, 1977). However, the no-till
System more closely approximated the virgin gréssland in

total soil N and nitrate over ammonium ratio than the
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conventional tillage (Stinner et al., 1983). Dowdell and
Cannel (1975) on the other hand, indirectly concluded that
the rate of N mineralization was more responsible for lower
levels of nitrate than denitrification or leaching under

no-till soils as compared to the moldboard plowed soil.

B. Soil Reaction (pH).

Conservation tillage systems (such as ridge-till
and no-till) involved less mixing of surface applied
amendments/fertilizers (Blevins et al., 1985). Continuous
use of ammonium nitrogen on the surface acidified the
surface soil. The acidification is primarily due to the
nitrification process which produces two hydrogen ions for
each nitrate ion formed (Blevins et al., 1984; and Dick,
89183.)' .

Tillage and nitrogen fertilization studies showed a
rapid acidification (lowering of soil pH) of the soil
surface under a no-till system as compared to a plowed oae
_(Blevins et al., 1977 and 1983; and Dick, 1983). The
acidification was found to be more pronounced at high
nitrogen rates. Associated with the reduced soil pH were
increased levels of aluminum and manganese, and decreased
levels of calcium and magnesium (Blevins et al., 1977 and
8883 ) . Aluminum toxicity could become a serious problem in

areas with a humid climate. An acid soil surface also
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rapidly deactivated triazines, a common herbicide for corn
production (Kells, et al., 1980). The acidification
problem could be easily corrected or prevented by lime
application on the surface of no-till soils. Since
acidification of no-till soilils was strongly influenced by
the addition of nitrogen fertilizer, the problem would be
less severe in soybeans and other crops which require 1less
N fertilizer than corn (Blevins et al., 1983; and Muzilli,
#981) .

Contrary to the above findings, no significant
difference in pH was observed between the no-till and
moldboard plow systems in a Nigerian Alfisol (Juo and Lal,
1979). Instead, they observed a significantly higher level
of exchangable Ca in the surface 0-0.05 m layer. In areas
where rainfall did not greatly exceed evapotranspiration,
the effect of no-tillage on acidity could be reversed
(Blevins et al., 1984). Under such conditions, higher pH
values were obtained with no-till than with conventional
tillage (Lal, 1981; and Muzilli, 1981). Therefore, there
is a need for further investigation to relate soil acidity

to soil characteristics, climate, and cropping system used.

C. Phosphorus and Potassium.
The movement of surface applied phosphorus and

potassium into the soil under no-tillage could take place
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only by water and much more slowly by diffusion (Blevins
et al., 1983 and 1984). Therefore, concentrations of P and
K were found to be the highest at the 0-0.05 m depth
@Bleviins et al., 1983; Cruse et .al., 19833 . .Lke,iql 987%;: and
Shear and Moschler, 1969) and decline rapidly with depth
(Blevins et al., 1984). Fertilizers were thoroughly mixed
in the plow layer of conventional tillage and consequently
there was slow decline in the concentration of P and K with
dieipih yCHasgrove et yal., 19825 Muzfllt ;2198 L) yVerny little
difference in exchangable K was observed in the top 0-0.3 m
of no-till and conventionally tilled soils; but there was a
striking difference in distribution (Blevins et al., 1583).
Total available P levels were much higher at 0-0.3 m of
no-till soils as compared to the plowed soils (Hargrove ect
e 119,812 5 cand gMuzii 1145 1981) . In the absence of mixing,
there was a banding effect (less P fixation) due to the
surface P application. I

Organic P ievels were significantly higher in the
0-0.075 mydncrement .and,significantly.loges in whe
0.225-0.3 m increments of a Wooster (Typic Fragiudalf) soil
in Ohio (Dick, 1983). Unlike organic C and N, a localized
concentration of organic P under no-till was not observed
at the soil surface but in the 0.025-0.15 m depth due to
the movement of the organic P compounds in to.-the soil:

profile.
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III. Tillage Effects on Crop Development and Yield.

The effect of a conservation tillage system on crop
development and ylield depends on soils, climatic conditions
and cropping sequences. Percent residue cover associated
with different tillage systems alters soill temperature and
moisture conditions which ultimately affect plant growth,
maturity, and yleld of corn and soybeans. Generally,
no-till and conservation tillage systems have teen
successful in the central and southern corn belts of the
United States on well drained soils. Reduced soil
temperatures under these systems had greater effect on
plant growth and yield in more northern latitudes (Griffith
and Mannering, 1985). The effect of depressed soil
temperature was more pronounced in early growth and

diminished with plant development (Mock and Erbacech, 1977).

A. Tillage Effeéts on Corn Development.

Initial corn emergence rates were more depressed
under a no-till system than a conventional tillage system
(Al-Darby, 1987). During the first five weeks after
emergence, corn growth parameters such as plant height,
leaf area, and dry matter production under no-till were
consistantly lower (in some cases significahtly lowér) than

conventional tillage systems. These growth parameters were
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highly correlated with growing degree days. No-till or
conservation tillage systems were also reported to reduce
corn emergence, delay corn emergence and silking, lower
seedling-juvenile growth and final plant densities, and
increase harvest grain moisture compared to conventional
tillage for early planting (Mock and Erbach, 1977; and
Imholte and Carter, 1987). Imholte and Carter (1987)
suggested that recommendations for early planting of
continuous corn in the northern United States could be
still valid fcr no-till but seeding rate should be
increased to overcome reduced emergence.

Corn emergence and leaf number to six leaf stage
were closely related to percent in-row cover and air
temperature growing degree days (GDD) with their mutual
relationship to soil temperature GDD (Swan et al., 1987).
For a given site and year, percent in-row cover following
planting was the major factor affecting corn growth rate
until six leat stage. When cumulative air GDD were less
than a threshold value of 1319 and water stress was
minimal; then in-row cover had a major impact on the growth
and development of corn in the northern corm belt.

Al-Darby et al. (1986) observed a higher plant
emergence under conservation tillage than conventional
tillage in a silt loam (Typic Argiudoll) sdil. Final

emergence under no-till was lower thanm other tillage
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systems in a loamy sand (Typic Udipsamment) soil. The
plant height, leaf area, and dry matter per plant early in
the growing season for both soils were highest for
conventional tillage and lowest for no-till system

(conventional >= chisel > no-till).

' Emergence and early growth of corn were related to
soil drainage. No-till corn often showed uneven emergence
and slower early growth on somewhat poorly drained soils
(Griffith et al., 1973; Murdock, 1974). On poorly drained,
clay soils in northern Ohio, more corn root damage was
observed in no-till plots compared to plowed treatments

g\under continuous corn (Van Doren et al., 1976). A No-till
system on a moderately well drained soil (Aquic Fragiudalf)
did not show any adverse effect on corm development or
yield when the data were averaged over three years (Eckert,

1984). During the drier than normal year, no-till corn
silked earlier and yielded more than did conventionally
tilled corn, while the reverse was true during a cooler,
wetter year. Year to year variation in climate (rainfall
and temperature) influenced corn growth parameters and
yield more tham tillage treatments in well drained silty

clay loam soils (Pachic and Abruptic Argiustolls) in the

western corn belt (Wilhelm, 1987).
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B. Corn and Soybean Yield Responses to Different Tillage
Systems.

No-till produced higher corn yields thanmn a plowed
system on sloping and well drained soils in a more
southerly section of the corn belt (Kladivko et al., 1986;
Dick and Van Doren, 1985; and Hargrove, 1985). The yield
increase was attributed to conservation of water by mulch
at the soill surface and by stabilization of a desirable
structure (Van Doren et al., 1976). Power et al. (1986)
reported that each Mg ha_l of crop residue on the soil
surface increased grain and stover production by 120-270 kg
ha™! for corn and 90-300 kg ha~! for soybeans in Nebraska;
They also indicated that thefe were major direct crop
growth benefits from leaving crop residue on the surface in
addition to reduced soil erosion and enhanced soil organic
matter contents. Removal of surface crop residue seriously
reduced corn anq soybean yields where'stregsful conditions
occurred during the growing season. Corn and soybean
yields decreased by 22-247 where crop residues were
completely removed. The yield reductions were reported to
be the result of decreased soil water storage and excessive
soil surface temperature.

Corn yields were found to be remarkably insensitive
to tillage over a wide range cf soil types,-cropping

systems, and climates with relatively normal planting
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dates, adequate plant densities and weed control (Van Doren
et al., 1976; and Mock and Erbach, 1977). In a ten year
study in the Midwest, yields of corn, soybeans and oat were
affected more by soil type than by tillage systems (Dick et
al., 1985). Equivalent corn yields under both tilled and
no-tilled systems were also reported in western Nigeria
(Lal, 1974). Little yield difference was fcund between
conventional planting, wheel track planting, till planting
and lister planting in Eastern South‘Dakota (Olson and
Schoeberl, 1970). Equal or greater corn yields were alsc
reported under conservation tillage systems as compared to
conventional tillage in Wisconsin (Al-Darby et al., 1986).
No-till yielded more than conventional tillage in a sandy
soil in drier than normal years.

No-till treatments suffered more substantial yield
loss than conventional treatments on some fine. textured
poorly and somewhat poorly drained soils especially under
continuous corn (Kladivko et al., 1986; Griffith et al.,
1973; Fausey, 1984; Dick et al., 1985; and Van Doren et
al., 1976). Kladivko et al. (1986) observed a lower yield
under no-till continuous corn on poorly structured, low
organic matter, poorly drained soils compared to a
ccnventional tillage system during the first several years,
but yield improved with tiﬁe as soil structﬁre improvea.

Research conducted on moderately well drained soils in Ohio
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and Kentucky resulted in a higher cormn yield under no-till
compared to conventional tillage during a drier growing
season, while the reverse was true for a cooler and wetter
growing season, especially for early planting dates (Herbek
et al., 1986; and Eckert, 1984).

Soybeans planted under no-till or conservation
tillage systems produced yields greater than or equal to
conventional tillage systems (Bharati et al., 1987; and
Campbell, 1984). Webber et al. (1987)‘reported the amount
and distribution of rainfall as the most important factors
in determining soybean seed yields. During initial growth,
the soil environment under conventional tillage provided
soybeans with excellent potential for maximum yield due to
greater vegetative dry matter production.. In years with
inadequate rainfall, soybeans suffered from mOisture stress
?ﬁ;ing the flowering and pod formation stages. .Soybeans
under no-till benefited from both greater soil moisture and
the ability to use soil moisture deep in the soil profile.

Several long term studies showed a positive effect
of crop rotation on corn and soybean yields (Mannering,
1981). The positive influence became more important when
no-till planting was practiced on poorly drained soils.
Dick et al. (1985) suggested that reduction cf corm and

soybean yields associated with no-tillage on heavy clay and

poorly drained soils could be reduced ty crop rotation or




46

by the use of disease resistant cultivars. Nior=St=={81%].
produced almost equal or greater yields than conventional
tillage on poorly drained soils after the first several
years of soil structural improvement with corn-soybean
Hotatfon “(Klfadivko et ‘al., “1'9:87Mk Conservation tillage
systems (strip or no-tillage) in combination with a
corn-soybean rotation gave the most consistant yield
increase for both full season and double cropped soybeans"
CEAwatlds 'et"al., 1988). "Corw yields Qere affected less by
rotation treatment than scybean yields.

There could be several reasons for yield
improvements under a corn-soybean rotation. Reduced
residue cover after soybeans improved soil drying and
warming and ultimately improved corn yields under no-till
on poorly drained, cooler soils (Griffith and Mannering,
1985). Rotating crops also showed fewer disease and pest
problems by interrupting the 1life cyclé of the disease and
pests. Allelopathic (toxic) effects of decaying residue on
germination and seedling growth might be an another factor
reducing yield under continuous corn. This effect was
documented in a greenhouse study but its significance in
the field was not well understood (Griffith and Mannering,
1'9:815) 4

No-till planting on raised beds and.ridge—till

_planting were other alternatives to no-till planting on a
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flat soil surface on poorly drained soils. Fausey et al.
(1984) obtained a significant crop stand and yield
improvement on no-till corn grown on a poorly drained soil
on raised beds compared to no-till cornm grown on a flat
soil surface. The beds provided additiomal surface
drainage. No-till on beds produced yields equivalent to
chisel plowing. By evaluating the ridge planting system on
a poorly drained soil in Ohio, Eckert (1987) concluded that
a ridge planting system was a viable conservation tillage
system for poorly drained soils. Corn and soybean yields
under ridge-till were found to be equivalent to that of a
plowed system. Ridge-till also permitted earlier planting

in some years.

IV. Soil Tillage Relationships
The performance of specific conservation, tillage
Systems are not consistent over soil types, years and
geographic regions (Benoit and Lindstrom, 14928 T The
following assumptions were suggested for these
inconsistencies.
1. Conservation tillage systems are beneficial and
necessary on all crop lands.
2. Data collected at one point in time for a specific soil
type would hold true over time, 1rrespecti§e of past and

present conditions.
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All soils did not react in the same way to
conservation tillage methods (Benoit and Lindstrom, 1987).
The results of many site specific tillage studies indicate
that a significant, selective relationship existed between
soils and tillage systems (Griffith et al., 1973; Triplett,
1970; Triplett et al., 1969 and 1973; and Van Doremn, 1962).
Generally, well drained, medium textured soils were found
to be well suited to conservation tillage (Cosper, 1983).
Reduced crop yields under conservation'tillage systems were
mostly associated with soils having inherent physical
limitations such as drainage, wetness level (degree and
frequency of wetness), structural stability, and the
presence of a restrictive layer in the soil profile. Any
conclusions about tillage systems would be of limited value
if they were not considered in conjunction with the
behavior of soil properties (Benoit and Lindstrom, '1987).

On the basis of site specific tillage studies,
soils were catagorized into different tillage suitability
groups. Ohio and Indiana soils were divided into tillage
groups or crop management groups on the basis of soil
properties such as soil slopes, drainage or soil moisture
characteristics, soil permeability and profile texture
(Triplett, 1975; and Galloway, 1977). Similar soil
categorization was done in the U.K. and Romaﬁiav(Cannel et

ales 1978 ; Cénarache, 1987). VLands in Scotland were also
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allocated to cultivation groups according to the
probability of compaction which would restrict crop
performance occurring during the growing season (Ball,
1987). Soil, climate and relief criteria were used to
select the most adequate soil tillage methods in Romania
(Canarache, 1987).

Cost would not permit conducting an on—-site tillage
experiment for every soil (Cosper, 1983). A relatively
simple, efficient, reliable, reproducable, less time
consuming, and cost effective method of estimating soil
suitability for conservation tillage was essential. Soils
with similar characteristics resulting from soil forming
processes should react similarly and therefore, the
respohse of individual soil types to conservation tillage
should correlate well with a soil”s taxonomic
classification. Soil taxanomy could thus be used as a
guide to recommending tillage systems for a particular

soil.
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MATERIAL AND METHODS

I. Plot Establishment and Experimental Design.

This study was conducted at the Easternm South
Dakota Soil and Water Research Farm near Madison (E 1/2, NW
IW/s4essisieies 315, « T+, 107+ N, R« B35 W ) i(Pisgiure-=1l).  Two sodils
involved in this study are a well drained Beadle (Fine
loamy, Montmorillonitic, Mesic, Typic Argiustoll) and a
poorly drained Worthing (Fine, Montmofillonitic, Mesic,
Typic Argiaquoll). The Beadle is a deep, well drained,
loamy soil formed in glacial till on nearly level to.
undulating uplands (SCS, 1973). The Worthing soil on the
other hand, is deep, poorly drained, silty soil (with cilfaly:
subsoil) formed from alluvium in drainageways or flat
enclosed depressions. The Beadle and Worthing soils were
selected because they represent a continuous toposequence
within the area .with Beadle soils on the summit and
shoulder position and Worthing soils on the toeslope. This
represents a typical farm landscape in eastern South
Dakota. When farmed, both the soils are managed as a unit
under the same tillage system. The distritution of soil
mapping units and legends for the mapping units at the
research farm is shown in Figure 2.

The tillage plots were established.in 1985. The

treatments were arranged in a 4*%*3 factcrial arrangement



Table 1. Preciptation and mean air temperature of the

research site, Madison, S.D. (30 years average).

Month Precip. (mm) MEaTigtemp. (°C)
January 13 =150 1
February 2.2 =7 S
March 42 -2.3
April 5-7 a3
May 83 14.0
June 9.5 Ok I
July 77 0.2 . 2
August 86 2 NG
September 59 857/
October 40 6@ 1
November g 28 Or36
December 18 =6:.16
Total 609.95 annual av. 7.2

Above data were obtained from Weather Research,

Ag. Engineering Dept., SDSU, Brookings.
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Figure 1. Location of the USDA Eastern South Dakota Soil and Water
Research Farm in Lake County, South Dakota.
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Numerical

Mapping )

Symbol NAME

1A Wentworth-Egan silty clay loams, 0 to 2 percent slopes
1B Egan-Wentworth slity clay loams, 2 to 6 percent slopes
2A Whitewood slity clay loam, 0 to 2 percent slopes

3Aa Worthing silty clay loam

4B Beadle clay loam, 2 to 6 percent slopes

4c Beadle clay loam, 6 to 9 percent slopes

SA Sinai silty clay loam, 0 to 2 percent slopes

6A Wentworth silty clay loam, O to 2 percent slopes

8A Viborg silty clay loam, 0 to 3 percent slopes

i7C Egan-Beadle complex, 6 to 9 percent slopes

Figure 2. Soils on the research farm, plot layout, and map

unit descriptions.
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with four tillage systems and three crop rotations. Each
treatment was replicated three times. The experiment was
conducted on two soils. Twelve treatment combinations in
each soil were arranged in a split plot design with tillage
treatments in the main plots and crop rotations in the

sub-plots.

Different tillage treatments included in this study

were as follows:

1. Moldboard plow (MB): Moldboard plowed in the fall and

cultivated with a field cultivator in the spring.
2. Chisel plow (CP): Chisel plowed in the fall and tandem
disked in the spring.
3. Ridge-till (RT): Planting on ridges without primary
tillage. Ridges refofmed in every summer.
4, No-till (NT): Flanting without cultivation.
Similarly, the following crop rotation treétménts
were included in this study.
1. Continuous corn (CC)
2. Corn after soybean (SC)
3. Soybean after corn (CS)
The experimental plan is shown in Figure 3. All
measurements taken during two years (1986 and 1987) were

used in this study.
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Beadle Soil- Tillage Experiment
I1-1 I-1 III-1

csfcclsd fes |cc Iscf | cgsc [cc
of 8l7llel 514131211
II-2 I-2 IV-1
sc} csiecy |cs|scec] Isccs|cC
18] 17§16 |15] 1413 ] j12)11}1

I1I-3 V-2 III-2

cClcske | caes Iscl Isclcgec
27p6 |25 | 24R3 |22 [21] 2d10

Pied 1-8
cefsclcq jeclcs)sc
33{32|31 [30]29] 28 -1= Rep 1
VA 3 =-2= Rep 2
-3= Rep 3
cqd cskc
36| 35834

Tillage Treatments:
I- Moldboard Plow
II- Chisel Plow
III- Ridge Till
IV- No-till

Crop Rotation Treatments:

CC-. Continuous corn
SC- Corn after soybeans

CS- Soybens after corn

Worthing Soil- Tillage Experiment

III-3 Iv-3

SC |cs|cq ks Isc|ce

36 13534 B3 |32]31
II-2 I-2 7 II_3 =2

SCl cgec | fsclcs| cq e fes|scl | case |cs

30f{ 29p8 | {27 |26 25| | 243 122 |21] 2009

III=2 V=2 V-1 II-1 I-1 III=1

Cs Isc |ccl | sc| ccl cd|cc)scl csl jsc Jcc|cs) | scEs |cCl [ S| sgcC

1817 j16] L15 ¥ 1 817 g 154 4 3] 2

Figure 3 Layout plan of the Beadle and Worthing tillage Experiments
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II. Plot Management

Corn variety Pioneer 3732 MF and soybean cultivar
Evans were planted in 1986. Beadle plots were planted on
May 21 while Worthing plots were planted on May 22. A

starter (13-13-13) was placed 5 cm over and 5 cm below the

1. Ammonium

nitrate (34-06-0) was applied at the 'rate wof 1342 kg ha~l,

sieled/‘at planting at: the rate of 116.5 kg ha”

Ramrod herbicide and Dyfonate insecticide were banded at

1 and 9 kg ha~l> respectively, over

thie. Tate tof '10.7 eg ha”
the row (0.23 m band). Af tier pdiainit fsnigy.p Skadl ki ha-1 of Lasso
and 4.7 L ha~l Bladex were sprayed on the corn plots.

1 of Lasso and

Soybean plots were sprayed with 5.9 L ha”
88 57: 1L ha~1l of Amiben. All plots except no-till were
cultivated on June 17. Worthing tillage plots were
extremely wet during the whole growing season in 1986. One
replication of the conventional tilled plots (MB) coculd nct
be planted during 1986 on the Worthing soil.

Corn variety Pioneer 3747 MF and soybean variety
Dawson were planted in 1987. Planting was done on hay Sty
BA8%h. < A starver fertilizer (12+36-12) MWas sappliedsat ythae
Bate of 116.5 kg ha~l . Urea (46-0-0) was applied in a
il

Band at the rate of 262.3 kg ha” Cultivation was

performed on June 19, 1987 on all treatments except
meo=ci1]. Ramrod herbicide and Furadan insecticide were

applied at the rate of 11.2 kg ha~l (0.18 m band). Corn
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plots were sprayed with 5.9 L ha—1 of Lasso and 4.7 L ha_1
of Amiben. Conventional tillage plots (MB) of Worthing
soil could not be moldboard plowed in the fall due to
excess wetness. The plowing was done in the spring just 2
days before planting and therefore, these plots became more
cloddy than other plots.

In both years corn was planted at the rafe of
64,245 plants ha~! and soybean was planted at the rate of
g7 .3 kg ha—l. Fertilizer recommendations wére based on
South Dakota State University soil test recommendations
(Appendix B) (Gerwing et al., 1982). In both years, the
cultivation was done immediately after fertilizer
application so that in all plots except no-till, tertilizer

was mixed into the surface soil by cultivation.

LT . Pedon Description and Soil Sampling

Representative ‘pedons from both well drainmed and
poorly drained sites were descrited in the field according
to the standard procedures (Soil Survey Staff, 1975). Bulk
samples from each horizon were collected for lab analysis.
Four undisturbed core samples were collected from each
horizon for bulk density, hydraulic conductivity and
moisture retention studies (.03 and .1 MPa) by using an
Uhland sampler. Composite soil samples from each

experimentél unit were collected from 0-150 mm and 159-600
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mm depths in the fall for soil fertility tests.
Undisturbed surface core samples were also taken for bulk
density and hydraulic conductivity measurements by using a
Uhland sampler. The core samples were taken frcm the crop
row cf the continuous corn plots. Representative soil
samples were also obtained frem the surface 0-100 mm ot
corn rows for aggregate stability analysis. These soil
samples were taken from both continuous corn and corn atter
soybean plots. So0il samples were also taken from 0-10,
10-50, 50-100, and 100-200 mm depth increments of the
Worthing soil from plots with wilted plants and from plots
with normal corn plants for electrical conductivity

analysis.

iV . Soil Sample Preparation and Analysis.

Soil samples (bulk samples from pedoms and
fertility samples) were air dried, crushed, and péssed
through a 2 mm sieve. Greater than 2 mm fractions- were
weighed and discarded (Appendix A). Subtsamples were taken
with a sample splitter for various physical and chemical
determinations.

Particle size analysis was performed by the pipette
method of Kilmer and Alexander (1949) with modifications as
descrited by Gee and Bauder (1986). Uhland core samples

were used for measuring bulk density (Blake, 1986) and
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saturated hydraulic conductivity by the constant head
method (Klute and Dirksen, 1986). These undisturbed cores
were also used to determine water contents at 0.03 and 0.1
MPa pressure moisture retention measurements on a drying
cycle (Procedure 4Ale, Soil Survey Staff, 1972). The
moisture retention for 0.3, 0.5 and 1.5 MPa were measured
from the disturbed samples (Procedure 4B2, Soil Survey
Staff, 1972). Aggregate stability was determined by a
modification of methods described by Kemper and Rosenau
(1986). Aggregate stability measurements were determined
on prehumidified, air dried samples.

Readily oxidizable organic matter was determined by
the modified Walkley and Black method as described by
Nelscn and Sommers (1986). A 1:1 soil to water suspension
was used for pH measurements. Available phosphorus was
extracted by the Bray and Kurtz (1945) method in
noncalcareous samples énd by the Olson method (Olson et
al., 1954) on calcareous samples; and measured with a
spectrophotometer. Soil nitrates were determined for both
0-150 mm and 150-600 mm depth soil samples (Gelderman et
S, “1'980). Available zinc was also measured (Gelderman et
e " '1198%). Cation exchange capacity was determined by
saturating the soil with 1 N ammonium acetate at pH I
removing the excess salt by ethanol and by macro-Kjeldahl

distillation of adsorbed ammonium (Procedure 5Al, Soil
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Survey Staff, 1972). Soil-ammonium extract (from a CEC

determination) was used for determining extractable

cations. Extractable calcium and magnesium were determined
by using an atomic absorption unit. Extractable sodium and
potassium were determined by using a flame photometer.
Percent calcium carbonate equivalent was determined by
using a titrimetric method described by Bundy and Bremner
€197.2). Electrical conductivity was measured by using a

conductivity meter (Rhoades, 1986).

Ve Field Measurement of Soil Temperature and Soil Moisture
Soil moisture was monitored with a neutron probe
throughout the growing season at two week intervals except
during rainfall events. Soil moisture measurements were
"also taken after every rainfall event. Paily maximum and
minimum soil temperatures were recorded at a depth of 100
mm with a dial maximum and minimum stem thermometer (3-5
days in a week). Soil temperature readings were also
checked by installing thermistcrs in 1987. Soil water and
temperature measurements were taken only for the continuous
corn rotation. Precipitation data were obtained from
Eastern South Dakota Soil and Water Research Farm.
Evapotranspiration or water use (ET) was calcﬁlated as

follows:

ET=RiW
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Where R is the rainfall and W is the measured change in
profile soil water. Runoff and drainage water were assumed

negligible and were excluded from this calculation.

VI. Other Field Measurements

Percent residue cover was measured immed;ately
after planting by using the rope method (Hartwig and
Bdflen,; 1978). Corn and soybean emergence (total emergence
and 50% emergence date) were recorded. Days to 50% silking
and 507% maturity were also recorded for corn plots. Days
to 50% maturity were recorded by observed milk line and
black layer (Crookston, R.K., and J.J. Afuakwa, 1983).
Leaf area of corn plants was measured with a portable leaf
area meter (Li. Cor. L1.3000). Leaf area valués o 5
plants were averaged for each plot. A total of 4 and 6
measurements were taken in 1986 and 1987 respectively'at
different stages (dates) on the continuous corn piots.
Leaf area was measured only once in the corn after soybean
rotation in both years. Corn and soybean yields were
measured by harvesting two center rows 20 meter in length.

Yields were reported on a 15.5% moisture basis.

VII. Tissue Analysis
Twentyfive ear leaf samples were randomly collected

from each corn plot. Samples were dried, ground and
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analyzed for different macro and micro nutrients
(Gelderman, 1978). All macro and micro nutrients were
determined in 1986 while only N, P, K and Zn were

determined in 1987.

VIII. Statistical Analysis.

The statistical analysis system (SAS) was used for
all statistical analyses of this study. The analysis of
variance (ANOVA) procedure was used in general to test the
significance of differences among treatments by using Proc.
ANOVA and Proc. GLM (in cases of missing data). The leasf
significant difference (LSD) was used to make planned.
comparisions between two treatments if an overall
significant difference was found in the ANOVA test. Multi
Variate Analysis of Variance (MANOVA) procedures were used
to test the soil and tillage interaction effects on soil
chemical properties, physical properties, and corﬁ
development-yield. Different class variables used.in
MANOVA test were four tillage treatments (MB, CP, RT and
NT) in continuous corn rotation, two soils (Beadle and
Worthing) and 2 years (1986 and 1987). Analysis of
co-variance was run for corn yield under ccntinuous corn
rotation in the Beadle soil and under corn-soybean rotation
in the Worthing soil using 1985 corn yield as co-variate.

Means were adjusted where there was a significant
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correlation. Mean yields (for 1987) for Beadle continuous

corn and Worthing corn grown after soybeans were adjusted.



64

RESULTS AND DISCUSSION
I. Soil Characterization

Typical pedons from Beadle and Worthing tillage
sites are described in Appendix A. Clay content of the
Beadle soil increases from 35.5% in Ap horizon to 397% in
the Bt horizon and decreases with depth deeper in the
profdde= (Table=2)x All horizons of the Worthing soil have
greater than 40% clay. The clay content gradually
increases with depth (43.3%Z in Ap horizomn to 48.8% im Bt5S
horizon). The Worthing pedon has less than 5% sand in all
horizons. Percent sand increases from less than 10% in the
upper part of Beadle soil to 18 and 26.6% in the Ek2 and C
horizons respectively. All horizons of the Beadle and
Worthing soils (except Beadle C) contain greater than 45%
silt. Both pedons from the Beadle and Worthing tillage
il it e sl diod not cioontiaing suf ficient: 41 luvialjclay #Sn ithelisy Bt
horizons to qualify as argillic horizons. Therefore, pedons
from the Beadle and Worthing tillage sites are consfdered
as Bbeadle and Worthing taxadjuncts.

In the Beadle soil, bulk density values increase
with depth (Table 3). Permeability of the surface layer of
the Beadle soil is medium while sub-soil layers havé low
permeability. All horizons in the Worthing soil have 1low

to very low permeability.
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Table 2.
Horizon
VCS
Ap 0.27
Bt 0.28
Bkl 0503
Bk2 0.20
© 0.40
Ap 0.20
Btl 0.02
Bf{t2 0.15
Bit:8 ' 0.02
Bit 4 0~:0:2
Blebe 10,13
VCS=

FS=

Very coarse

sand CS= Coarse sand MS=

Fine sand VFS= Very fine sand TS=

total sand

Medium sand
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Table 3. Bulk density and saturated hydraulic conductivity

distribution of Beadle and Worthing soils.

Soil Horizon Bd K-Sat
(Mg m=3)(em hr~l)

Beadle Ap 1.18 6.62
Bt 1.24 SePS

Bkl 1.40 3Jt 510

Bk2 1.43 2509

C 1.56 il 55

Worthing Ap 1.16 2.96
Btl L. 3% 0.28

Bt2 1.28 0.21

Bt3 15255 0.32

Bt4 1<, 357, 0x::3:9

Bt5 . 317 0.04

Bd= Bulk density K-sat= saturated hydraulic conductivity
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Water holding capacity of the Beadle soil at a glven
tension decreases with depth (Figure 4). This is due to
the decrease of organic matter and clay content below the
Bt horizon. Although the Bt horizon has the highest clay
content, water holding capacity at a given tension is not

higher than in the Ap horizon becazuse there is a greater

than 507% reduction in organic matter of Bt horizon compared
to the Ap horizon. Percent available water in the Bt
horizon is lower than in the Ap and Bk horizons of the
Beadle soil. The soil horizons with a high clay content
contained more moisture at both .033 MPa and 1.5 MPa
tensions. Similar water holding capacity is evident in
different horizons of the Worthing soil (Figure=s). The
available water holding capacity of the Worthing soil is
slightly lower than expected, possibly due to higher water

content at 1.5 MPa tension.

Surface horizons of the Beadle and Worthfng soils
have equal amounts of organic matter (Table 4). Organic
matter decreases more gradually with depth in the Worthing
soil than the Beadle soil. The total organic matter
accumulation in the Worthing is greater than in the Beadle
soil. This is also indicated by black or dark colors
throughout the whole profile of the Worthing soil.” Soil
reaction is neutral to mildly alkaline in all the horizons

of the Worthing soil. Soil reaction is moderately acid in
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Figure 4. Partial soil moisture characteristic curves
for different horizons of Beadle soil.
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Figure 5. Partial soil moisture characteristic curves

for different horizons of Worthing soil.



Table 4. Chemical properties of Beadle and Worthing

soils.
Soil Horizon Soil pH % OM % CaCO03 CEC/clay
Feadle Ap 5.7 4.4 ND 35S
Bt 70 51 1’8 4.4 (04! 7
Bkl 7 5 0.6 24.8 0.86
Bk2 . 7 0.4 19;.10 0,570
(c . 7 0.3 1'sy. 'S Op48'5
Worthing Ap 7’3 4.4 1 %2 liglo
Btl 6LV & 2.4 0.3 ... 0.98
Bt2 649 1 .46 0'33 0.96
Bt3 7. 1 1%.3 0/33 0.94,
Bt4 pe 0.7 0378 0.96

Bit=5 7.4 0.6 0.6 0.86



Table 5. Cation exchange capacity and extractable

cations of Beadle and Worthing Soils.

Soll Horizon CEC Extractable cations
catt Mg++ gt Nat
———————————————— Me/100g-=======-
Beadle Ap 41 .1 14, 2 Ska9 019 0.02
Bt 31% 9 23.4 6.4 0.6 0.02
B!k f1fs & 25 .i8 ND ND 0.5 0.02
Bk2 17.4 ND ND 0.5 0.02
c 1e3). 17 ND ND 0.4 0.02
Worthing Ap 48 .4 N8Ig 6.7 1ol 1456
B thl{ i ¥sr. 7 16.8 8.8 0.9 1 el
Bit 2 ¥ gli3w:3 23.4 13.4 05:19 1§ opl
Bitd3) W48 20.2 14.2 150 Is: 3
Bt 15 . ) 23.2 15.8 1.2 )
B'&iSim 412 . 1 19i.9 153¥. lim3 28]

ND= not determined
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in the surface horizon of the Beadle soil and neutral to
mildly alkaline in sub-surface horizons. The Beadle soil
i1s calcareous below the depth of 0.52 m. The cation
exchange capacity of Beadle soil decreases with depth
(Table 5). This is due to the decrease in organic matter
and clay content (below the Bt horizon) with depth. The
cation exchange capacity of the Worthing soil ié greater
than 40 me/100 g in all horizons. The ratio of CEC/clay is
greater than 0.7 in all the horizons of Beédle and Worthing
soils (Table 4). This indicates the montmorillonitic

mineralogy of these soils.

II. Tillage and Soil Effect on Physical Properties
A. Residue Cover

All conservation tillage systems left a
significantly higher percent residue cover than did the
moldboard plow system (Table 6). Average residue ‘cover on
a conventionally tilled Beadle soil was 5.8% and 11.27% in
1986 and 1987 respectively. Conventionally tilled Worthing
soil had an average of 4.77% residue cover. Among
conservation tillage systems, no-till plots contained the
highest amount of residue cover in toth the soils except on
Worthing soil in 1986 where ridge-till plots contained a
higher residue cover than no-till plots. There was no

Significant difference in percent residue cover between
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ridge-till and no-till plots in 1986. However, no-till
plots contained significantly higher percent residue cover
than ridge-till plots in 1987. Decomposition of residue
might be faster in the ridge-till system than in the
no-till system because some of the previous years” residues
are mixed with soil when the ridges are made in the
ridge-till system. Residue remains on the surface each
year in the no-till system and its decompo;ition is slow;
therefore, residue cover tends to increase with the number
of years under no-till management. Percent residue cover
in the Worthing soil is considerably lower in 1987 becausé
of excessively wet conditions in 1986 resulting in low
biomass production and less residue cover left on the soil
surface.

Soybeans left significantly lower amounts of
residue than did corn (Table 7). There was no significant
differences in residue - between continuous corn and corn in
rotation except for the Beadle soil in 1986 where corn in
rotation produced a significantly higher amount of residue

than continuous corn.

B. Multivariate Analysis
Bulk density, saturated hydraulic conductivity,
surface volumetric water and early season daily mean soil

temperature (.10 m) were used as dependent variables in a



Table 6. Percent residue cover under different tillage
systems in Beadle and Worthing soils (averaged

over rotations).

Soil Tillage Percent residue cover
1986 1987

Beadle MB 5.8 a 1%1)..24 a

CP 315 ..0% b 425, 04 b

RT 42.8 c 57 5 61e

NT 5|02 ¢ 702y.:8y d
Worthing MB 4.6 a 4.8 a

CP 2494 2sib: 1540k

RT Gplt 6 jc F3 22 2ids i

NT 8i8.7 ¢ 815.1 Sled

- ——————————————————————————————————————————— —— —

MB= moldboard plow CP= chisel plow

RT= Ridge-till NT= no-till

Within a soil and year means with the same letter are not
significant at .05 level. Each mean is an average of 9

cbservations.



Table 7. Percent residue cover under different crop

rotations (averaged over tillage systems).

Soil Rotation Percent residue cover
1986 1987
Beadle CC 34 a 3¢ %a
SC 23 B 31 B
CS 48N S58m3
Worthing ce 34 a 22m 2
8/C "S5 b 16Fp
CS 35 a 20 a

CC= continuous corn SC= corn after soybeans

SC= soybeans after corn

Within a soil and year means with the same letter are not
significant at .05 level. Each mean is an average of 12

observations.
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multivariate analysis. Tillage, soill, and tillage*soil
interaction effects were described better with multivariate
analysis than with individual analysis of these properties
(Table 48). Means of individual soil physical properties,
the Multivariate equation and discriminant functions are
presented in Table 8. Moldboard plow and chisel plow
behaved differently from ridge-till and no-till in their
physical properties in the Beadle soil (by comparing
discriminant functions in Table 8). Moldboard plow and
chisel plow behaved similarly with respect to their
physical properties. Ridge-till and no-till also behaved.
similarly in thelir physical properties. No differences in
physical properties of the Worthing soil were observed due

to tillage systems.

C. Bulk Density, Hydraulic Conductivity and Aggregage
Stability

In general, surface bulk density increased as
tillage intensity decreased (Table 9). In both years and
both soils, the lowest bulk density values were observed
under moldboard plow and the highest were obtserved under
no-till. However, the surface bulk densities were not
sufficiently high to substantially limit root growth.
Tillage effects on saturated hydraulic conductivity (K-sat)

varied from.year to year and from soil to soil. Ridge-till
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Table 8. Effect of tillage on surface physical properties
of the Beadle and Worthing Soils.

Soil Tillage Bd Ksat ev Temp.
(Mg m_3) (cm hr'l) ¢° @)

Beadle MB 141y ga l52mab 0 §35kza 21442 y4a
Cp ) Ll B 8.9 b 0. 83%7a b 20.8 ab
RT 1552 b 4.9 a 0} 43 6abic 20, 400 gC
NT 2 b 5.8 a Ox. 3l ~¢ 20.2 bce

Worthing MB K 3l% @ A3 s 0.47 d 20.5 d
CP 1ol a OFY/ANC 0.49 d 250,108
RT lij24b 048 ¢ 0.47 d 2/0k:37md
NT 1.2 b JN LA 0.48 d 2015 1088d

MB=moldboard plow CP=chisel plow RT=ridge-till NT=no-till
Means with the same letter are not significant different

at .05 level. This designation should be used only with
preplanned comparisions. Each Bd and K-sat mean is an
average of 8 observations. Each v mean is an average of
26 observations. Each soil temp. mean 1is an average of 126
observations.

Discriminant Functions:
22=BD*.46833976+Ksat*,.14006342-6v*.05174635+Temp*.622646638

Tillage Discriminant Functions

D R e K e et e

MB 18,18 11.00
CP 13.06 10.94
RT L1885 108 %
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and no-till systems had significantly higher bulk density
and lower K-sat values than moldboard and chisel plow
systems in the Beadle soil in 1986. Ridge-till and no-till
systems also produced a significantly higher bulk density
than moldboard plowed systems in the Worthing soil in 1986.
The Worthing soil in 1986 did not show any significant
difference in the bulk density values of the ﬁhree
conservation tillage systems (chisel, ridge and no-till)
and between the moldboard and chisel plowed systems. No
significant difference in K-sat values was observed among
tillage systems in the Worthing soil in 1986. There was no
significant difference in bulk density values among tillage
systems in 1987 in both soils. Ridge and no-till systems
had significantly higher K-sat values than moldboard and
chisel plowed systems in Beadle soil in 1987. The
moldboard plowed system had significantly higher K-sat.
values than the no-till system in the Worthing soil in
1287 .

The increase in K-sat. values in the Worthing in
1987 under moldboard plow might be due to the cloddy
surface of moldboard plowed plots. Ihe decrease in K-sat.
values of moldboard and chisel plowed systems and increase
in K-sat. values of ridge and no-till systems in 1987

compared to 1986 may be due to the difference in date (days.
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Table 9. Tillage effects on bulk density and saturated

hydraulic conductivity of Beadle and Worthing

s,od 1 s
Soil Tillage Bd K-sat
(Mg m 3) (em hr 1)
1986 1987 1986 1987
Beadle MB 1.05 a 1.06 a 10.74 a 3.72 ab
CP LS098 a e C19SE A 1222, Sma Se-R207: wa
RT 1.25 b L. 15 a 2. i L 637E
NT § .28 P lygdh5 4.16 b 7.34 ¢
Worthing MB 1.08 a 1.06 a 820 o 4.33 atb
cP 1.16 ab 1.04 a 0.30 ¢ 1.06 be
RT b 22 b $07, a 800 ¢ - . de5% he
NT I.23 b i el LAl ¢ o 81 &

MB= moldboard plow CP= chisel plow

RT= ridge-till NT= no-till

Bd= bulk density K-sat= saturated hydraulic conductivity
Means with the same letter are not significantly different
BIEN .05 level. This designation should te used only with
preplanned comparisions. Each mean is an average of 12

observations.
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corn except for the Worthing soil in 1987 where moldboard
Plowed plots had significantly higher aggregate stability
than chisel plow and ridge-till plots (Table 10). Under
corn after soybean rotation, no-till Beadle plots had
significantly higher aggregate stability than moldboard
plow plots in 1986. No-till Beadle plots under the corn
after soybean rotation had the highest aggregate stability’
among all tillage treatments in 1987 but it is only
significantly higher than the chisel plow plots. No
significant difference iIn aggregate stability was observed
between tillage treatments in the Worthing corn after :
soybean plots in 1986. However in 1987, moldboard plow
treatment had significantly higher aggregate stability than
all other tillage treatments. No-till and chisel plow
Worthing plots also had significantly higher aggregate
stability than ridge-till plots. The higher aggregate
stability in the Wﬁrthing moldboard plowed pléts may be due
to the cloddy surface caused by wetness and delayed
plowing. The lower aggregate stability of Worthing
ridge-till plots compared chisel plow and no-till plots may
be due the leaching of salt from the ridge to deeper
depths., The aggregate stability differences observed in
this study may be partially related to the difference in

moisture content at the time of sampling (Gollany, 1986) .
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Table 10. Percent stable aggregates under different

tillage treatments of Beadle and Worthing soils.

Sodil Tillage Percent water stable aggregates
1986 1598817
€c SC (X SC
Beadle ME 885 1"a 82wl b 94.5 a 93%57ab
CP 88.8 a 85.. 0 " ab i 98N] ND 9l , ARl
RT 818 . li*a 85 47 pabm=gi3E0NNa 93 N6-4aD
NT 852 lawe 8810 Wa 95.4 a dds Ls.
‘Worthing MB 9i3,.2ma 9O 7 S 94h ANE 9 5°8@ A
CP 9h.2 a 9. 7%:4a 8'91. 88D 92w2 ¢
RT il s a 88.8 a 88 . 53 8EH 86 =3 #b
NT 9i0# 94 a 89 H9%a 92. k=abei 9294 8e

Means with the same

e 05 4level,  *This

letter are ncot significantly different

designation should be used only with

preplanned comparisions. Each mean is an average of 3

observations.

MB= moldboard plow CP= chisel plow

RT= ridge-till NT= no-till

CC= continuous corn

SC= corn after soybeans
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Two years of tillage treatments might not be long enough
for conservation tillage systems to develop significantly
higher aggregate stability than conventional tillage

systems as reported by Mannering et al. (1975).

D. Soil Moisture

Two year average volumetric water content for the
early growing period is given in Table 8. No-till and
ridge-till plots contained significantly higher moisture by
volume than moldboard plowed plots in the Ap (0-0.22 m)
horizon of the Beadle soil. Surface moisture content ;as
the lowest in the moldboard plowed plots and highest in the
mo=till plotss. Surface moisture content 1pcreased as
tillage intensity decreased and surface residue cover
increased (Tables 8 and 6). Higher residue cover in the
conservation tilled plots may have reduced evaporation from
the soil surface aﬁd increased soil moisture Eontent
(Blevins et al., 1971, 1985; Griffith et al., 1977 and
Phillips, 1984). This result is in agreement with most of
the previous tillage research results (Blevins et al.,
1983; Gantzer and Blake, 1971; Lal, 1981; NeSmith et al.,
I887: Negi et al., 1981 and Mielke et al., 1986).

There was no significant difference in surface
moisture content of the Worthing soil (Table 8). Chisel

Plow plots had the highest and moldboard plow plots had the
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lowest volumetric water content in the surface horizon
(0-.18 m) of the Worthing soil (Table 8). Since 1986 was
an extremely wet year, the Worthing soil was saturated
during mest of the 1986 growing season (Figures 24 and 7).
Therefore, slight differences in micro relief which caused
differences in ponding of water controlled soil moisture
rather than by reducing evaporation from residue cover .
The conservation tilled Beadle soil stored a greater
amount of water in the Ap (0-0.22 m) horizon than the
moldboard plowed soil during the earlier part of the
growing season in toth years Figures (6 and 8). No till
Beadle plots stored 10-13 mm more water inm the surface
layer than the other three tillage plots at planting in
1986 (Figure 6). However, moldboard plow, chisel plow,
ridge-till and no-till plots stored 59, 63, 62 gnd_67 mm of
water respectively, at planting in 1987 (Figure 8).
Surface water sto?age in the Beadle soil at ;ilking was
ranked as ridge-till> chisel plow)> no-till> meldboard plow
in 1986 and no-till= ridge till> chisel plow> moldboard
plow in 1987 (Figure 6 and 8). The Worthing scil surface
(0-0.18 m) was saturated throughout the whole growing
season in 1986 (Figure 7). All conservation tilled Worthing
plots stored greater amounts of water in the Ap (0-0.18 m)
horizon than the moldboard plowed plots during the early\

part of 1987 growing season (Figure 9). At silking, water
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Figure 6. Water storage in Ap horizon (0-.22 m) of Beadle
'~ soil under different tillage treatments during
1986 growing season.
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Figure 7. Water storage in the Ap horizon  (0-.18 m) of
Worthing soil under different tillage treatments
during 1986 growing season. |
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Figure 9. Water storage in the Ap horizon (0-.18 m) of
 Worthing soil under different tillage treatments
during 1987 growing season.
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storage in the Ap horizon of Worthing soil ranked as
ridge-till= chisel plow> no-till> moldboard plow in 1987.

Chisel plowed plots stored the least amount of
water in the soil profile throughout the whole growing
season in both years in the Beadle soil (Figures 10 and
11). Total water storage at planting in the Beadle soil
was ranked as no-till> moldboard plow> ridge-till> chisel .
plow in 1986 and no-till= ridge-till> moldboard plow >
chisel plow in 1987. Total water storage at silking in
both years ranked as ridge-till>= moldboard plow)> no-till>
chisel plow in the Beadle soil. The lower total water
storage in chisel plow and no-till systems may be dﬁe to
high drainage charactéristics of these systems resulting
from channels created by chiseling and by the formation of
continuous macropores respectively (Johnson et al., 1984;
Tollner et al., 1984 and Tyler and Thomas, 1977).

Total water storage in the Worthing soil at
planting was in the order of chisel plow> moldboard plow>
ridge-till> no-till in 1986 (Figure 12). The same order
was observed in 1987 except that the moldboard plow plots
stored more moisture than the chisel plow (Figure 13).
Total water stored was high throughout the whole growing
season in all tillage treatments of the Worthing soil in‘

both years.

Nc significant difference in water use
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Figﬁre 10 Total water storage under different tillage treatments

" of the Beadle soil profile up to a depth of 1.35 m during
1986 growing season.




9l

600 : e e~ M8 i
: = CP :

350
‘
300 T T T T T : By
0 : 20 40 60 80 100 120 Al
Days after planting

MB - Moldboard plow
CP - Chisel plow i§
RT, —#Riidge 6l Bk
| : Lzﬂ
Figure 11 Total water storage under different tillage treatments of i
i the Beadle soil up to a depth of 1.50 m during 1987 ‘growing ¥
season. ‘ﬂ




92

e ; , —B— MB i

Silking

600 -

550 T e T ¥ T : b N b 4 "'r.
0 15 30 45 50 (3 30 10 '

Days after planting

w

MB - Moldboard plow
CP - Chisel plow

RT - Ridge till
NI

Neo il

Figﬁre:IZ _Total water storage under different tillage treatment§ of
it the Worthing soil profile up to a depth of 1.35 m during
1986 growing season.




750 -

Silking

600 . :

550 T Al T ¥ =E 3
0 20 40 60 80 Tuih 19 120

Days -after planting

Moldboard plow
Chisel plow
Ridge till

No till

igure 13 Total water storage under different tillage treatments_of
Worthing soil up to a depth of 1.50 m during 1987 growing

season.

98

MB
cp
RT
NT

i ’(!:

o s



94

(evapotranspiration) and water use efficiency was observed
between the tillage treatments in both soils (Table 11).
Research conducted in the same area by Olson and Schoeberl
(1970) found no significant difference in water use between
tillage systems (conventional, wheel-track, till plant and

listed planting) in Beadle-Whitewood soils.

B Soil Temperature

Mean daily soil temperature at a depth of 0.10 m
depth was significantly higher in the moldboard plowed
treatment than in the ridge and no-till treatments in the
Beadle soil (Table 8). There was no significantldifference
in the mean daily soil temperature between the moldboard
and chisel plow treatménts and between thé ridge—ﬁill and
no-till treatments.

In the Beadle soil, mean weekly soil teﬁpefature
was the highest for the moldboard plow and the lowest for
the ridge-till or no-till treatments in both years for most
part of the early growing season (Figures 14 and 16). The
weekly mean soil temperature for the chisel plow treatment
was between the moldboard plow and no-till (ridge-till).
The reduction in scil temperature correlates well with the
increase in percent residue cover as tillage system changes
from conventional to ridge-till or no-till systems. The

surface  residue cover tends to reflect incoming solar
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Table 11. Evapotranspiration and water use efficiency
under different tillage systems of Beadle

and Worthing soils.

Soil Tillage ET Water use efficiency
(mm) (kg ha 1l mm~1)
1986 1987 1986 1.9:8 7
Beadle MB 381 a 312, aby.s 265 Seidn i SOE ORsa
Cp S162 a 331 ab 32650 2ey a2 2
R{T 318w a 3,29, a 24 ; Op @' wi2¥ - Pg e
NT 421 a 366 a 22k 55 a B8t a
Worthing MB 414 a | 300 b 8 0p b 22;2 a.
CP 428 a 279, b 4.2 b 2S5 84.a
RT 417 a 248 b 6.6 b 38 S50 3
NT 982 a, 283 bg. Sideb s @

MB= moldboard plow CP= chisel plow

RT= ridge-till NT= no-till

Means with the same letter are not significantly different
at .05 level. This designation should be used. only with
preplanned comparisions. Each mean is an average of 3

observations. .
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radiation and reduce soil temperature (Van Wijk et al.,
1959). This soil temperature difference due to tillage in
the Beadle soil is in agreement with Johnson and Lowery
(1985).

On an average, daily maximum soil temperature (two
years average for the early growing period) was reduced By
e Lo ¥ ridge-till/no-till system compared to moldboard
plowed system in the Beadle soil (Tables 35 and 36).
However, average daily minimum soil temperature was reduced
only by 0.5 °C. This demonstrates that surface residue
cover has a greater effect on daily maximum soil :
temperature than on daily minimum, as was reported in
earlier studies (Guptg et al., 1983). The lesser effect on
minimum soil temperature was probably due to decréased long
wave radiation at night from the plant residue covered soil

surface.

The Beadle soil did not demonstrate Qarmer soil
temperatures under a ridge-till compared to a .no-till
system as expected (Radke, 1982). This might be due to
generally higher water storage in the ridge-till than in
the no-till system.

No significant difference in mean daily soil
temperature was observed between the tillage systems in the
Worthing soil (Table 8). No clear difference in mean

weekly soil temperature was observed due to tillage
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Figure 15 Weekly mean soil temperature under different tillage
treatments of Worthing soil during 1986 growing season
at .10 m depth.
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treatments in the Worthing soil during the 1986 growing

season (Figure 15).

III. Tillage and Soil Effect on Chemical Properties
A. Multivariate Analysis

Surface soil pH, percent organic matter, N03' Ny
available P and K were used as dependent variables in a
multivariate analysis. Tillage effects are described
better with multivariate analysis than with individual
analysis of these chemical properties (Table 49). Soil
effects can be described better with individual analysis of
pH, available P and K than with the multivariate analysis.
A soil*tillage interaction effect can be described better
by analyzing soil pH rather than by multivariate analysis.
Means of individual soil chemical properties, the
multivariate equa;ion and discriminant funct;ons are shown
in Table 12. Few differences in chemical properties were
observed tc be due to tillage treatments (comparing
discriminant functions in table 12). Ridge-till plots
appeared slightly different in their chemical properties

from chisel plow.

Bi. Soil pH and Electrical Conductivity
Ridge-till and no-till plots had significantly

lower surface pH than did the moldboard and chisel plowed



Table 12.

of Beadle and Worthing soils
crop rotations and years).

Soil Tillage pH oM (%)
Beadle MIBR e il b %055 818 "a
CIRp ST sctins t 3., 98 .a
RS GRSt an o 4.5 “da
NMEL 6 =80~ a's 4 . 46,..4
Worthing MB 7.6 ¢ 4.36 a
CIRL . a6 oo 4r 509 a
RGeS € 114y, .38 wa
NIE: 706 e 4. 0Fpa

ANO3— BNO3'
———————— Kg ha-1
15,10 ik 1O 543 5y
14 .4 by 10 .2 4b
176 b 1°159F b
L4.1 . bog L0w7 «b
19 65 alb " 74 a
14.7 b 61485 wa
2700 w22
10300 LB F:404ka

(averaged over
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Tillage effects on surface chemical properties

[N I R R R R I )

MB=Moldboard Plow CP=Chisel plow RT=Ridge-till NT=No-till
Means with the same letter are not significantly different

at .05 level.

preplanned comparisions.

observations.
A= 0-.15 m

Discriminant Function

B= .15=-.60 m

S:

This designation should be used only with
Each mean is an average of six

Z=PH* .6064434+%0.M.*.16096-N*.014400-P*.004555+K*.002153

Tillage

Discriminant Funqtions

MB
CP
RT
NT
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plots (Table 12). There was no significant difference in
pH values between ridge-till and no-till treatments.
Moldboard plowed plots showed significantly lower soil pH
than chisel plowed plots. Acidification of the soil
surface under ridge and no-till systems was expected as
these tillage systems involved less mixing of surface
applied fertilizers (Blevins et al., 1977, 1983 and Dick,
1983). Continuous use of ammonium nitrogen on the surface
could.acidify the surface soil due to the nitrification
process, which produces two hydrogen ions for each nitrate
ion formed (Blevins et al., 1984; Dick, 1983).

Acidification of the soil surface due to mo-till or
ridge-till planting in soils such as the Beadle could be
beneficial rather than being detrimental as suggested in
$eher studies (Blevins et aly, 1977 and 1983) .+ .The
lowering of the surface pH might increase the availability
of plant nutrients such as P (Table 12).

There was no significant difference in the surface
PH values of the Worthing soil due to tillage treatments
(alble 12). Soil pH "of the Worthiang soil was sigaitidancly
higher than that of Beadle soil in the surface layer (Table
1¥8k)=,

Electrical conductivity (EC) of the sﬁrface hcrizon
of the Beadle soil was in the range of 0.3 to 0.76 mmho

em~! which is below the critical range. However, the
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Worthing soil had a significantly higher EC than the Beadle
soil (Table 45). The EC values for different plots of the
Worthing soil varied from 3.5 to 5.2 mmho cm-l, depending
on the micro relief. Wilting of corn leaves was observed
in some of the plots during both the 1986 and 1987 growing
seasons (Table 46). The electrical conductivity of the
soil surface of the Worthing soil varied from year to year
depending on the fluctuation of the water table (Table 14).

The distribution of EC in the upper 0.20 m of the soil

surface also varied from year to year (Table 46).
j¥alble 13. Chemical properties of Beadle and Worthing
soils (averaged over tillage systems, crop

rotations and years).

Beadle 7 49 ga &, Lhga 15 33 0ipa 155G ga 22 3% panpdahla

BNt Ring (7.6 4.2¢a 18.61 .3 .8.28%aps03. 2400068850

Means with the same letter are not significant at .05

level. Each mean is an average of 72 observations.
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Table 14. Surface electrical conductivity of the

Beadle and Worthing soils

Soil EC (mmho cm-l)

1984 1985 1986 1987
Beadle 0.7 0.7 0.7 0.4
Worthing N7 3g 4 2 414

C. Organic Matter and Soil Nitrate

No significant difference in surface readily
oxidizable organic matter (%) was observed either Letween
different tillage systems or between the Beadle and
Werthing“soils (Tables 12 and 13). The Beadile 'sieil
contained the lowest amount of organié matter in the
moldboard plowed plots (3.9%) and the highest in the
Ho-€111"plots (4.5%). The chisel plow and the ridge-till
plots contained 4 and 4.27% organic matter respectively.
The no-till plots contained about 15% more organic matter
(in the 0-.15 m layer) than the conventional plots which
was within the range reported by Mielke et al. (1986).

Neither surface (0-0.15 m) nor sub;soil (0 =e 5~ 610
m) nitrate levels were significantly different among

tillage treatments in the Beadle soil (Table 12). The
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ridge-till Worthing plots contained significantly higher
levels of nitrate in both the surface and sub-soil than the
no-till and chisel plow plots (Table 12). No significant
differences were observed in the surface nitrate levels of
the moldboard plowed and ridged Worthing plots. However,
sub-soil nitrate was significantly higher in ridged plots
than in the moldboard plowed plots. Ridges in the poorly
drained Worthing soil might have been better aerated than
flat seed beds. Better aeration could have enhanced the
decomposition of organic matter in these plots to produce
higher levels of nitrate. No significant differences in
the nitrate level were observed between the Beadlé and

Wecrthing soils.

D. Available Phosphorus, Potassium and Zinc

Ridge-till and nc-till Beadle plots contained
higher amounts of available P than the moldboard and the
chisel plow plots but they were not statistically
significant (Table 12). The chisel plow plots had the
lowest amount of available P and also the highest soil pH
among all the tillage treatments in the Beadle soil. Some
of the available P might have been counverted to relatively
unavailable calcium phosphates due to the high‘pH. Thg
Worthing nd-till plots had a significantly higher amount of

available P than the moldboard plowed plots. There was no
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significant difference in available P levels between the
three conservation tillage systems and between moldboard
plow, chisel plow and ridge-till systems in the Worthing
siodil

As a general trend, the surface of no-till and
ridge-till plots contained more available P and than
conventional and chiseled plots on both soils. Again this
may be due to the lack of mixing of fertilizers in these
treatments (Blevins et al., 1983 and 1984). The Worthing
soil contained significantly higher amounts of P and K than
the Beadle soil.

No significant difference in available Zn level was
observed between the tillage treatments in both soils
(Table 44). The Beadle soil had a significantly higher

amount of available Zn than the Worthing scil.

Iv. Tillage, Soil and Cropping Sequence Effect on Crop

Development and Grain Yield.
A. Multivariate Analysis

Percent emergence, leaf area per plant (one date),

days to fifty percent silking and grain yield of continuous
corn were used as dependent variables in a multivariate
analysis. Tillage, tillage*soil interactionAand
tillage*soil*year interaction effects could be described

better with multivariate analysis than with the individual



Table 15.

Effect of tillage on corn development and
yield of the Beadle and Worthing soils.

Soil Tillage PEM LA (cm?) DEFS Yield (Mg ha~l)
1986
Beadle MB 94 a 219,59 1a 68 a 9. 3% 7 &a
CP 97 a 1985 a 68 a 9..815) 1a
RT 94 a 2199 a 68 a 9428 a
NT 89 a 2289 a 66 a 9.59 a
Worthing ME 50 be 480 d 8i2 ge 3 6" 1574 ne
cp 32 b 479 d 84 c 11876188 (e
RT 62 c 478 d 8 3pe: 24 46030k ©
NT 59 be 529 d 813 e 2. /3 e
1987
Beadle MB 98 a 3982 b 74 b LiEF¥7 581
CP 98 a 28.7041c Zabmab, 9:..0ul% sb
RT 91 a 3217 be 74 'b 9528 b
NT 94 a 2480 c 7[5 o 8.89. b
Worthing MB 90 a 1369 e 85 d 6.66 d
CP 96 a 1511 e 78 d 6 ..9:3y @xi
RT 80 a 1607 e 77 d TA2NANd
NT 92 a 2144 e 76 d | 7% d

Means with the same letter are not significant at
This designation is used only with preplanned

.05 level.
comparisions.

June 25, 1987.
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Each mean is an average of 6 observations.
The dates of sampling for leaf area were July 1, 1986 and

MB=moldboard plow CP=chisel plow RT=ridge-till NT=no-till

PEM= % emergence LA= leaf area DFS= days to 50% silking

Discriminant Functions:

Z =PEM*.0077125+Yield*.006610+DFS*.116068-LA*.0001627

Discriminant Functions

Beadle Soil

1986
ONY 871
9.28
9.24

1987
9.74
9.70
9.61

Worthing Soil

1986
10715
10 . L3
10.33
Q.16

198
11.02
10" 2%
10.04

9491k
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analysis of each of the components (Table 50). Soil effect
could be described better by analyzing leaf area, days to
50% silking, and grain yield saperately rather than by
multivariate analysis. Means of the individual plant
parameters (used in MANOVA), multivariate equation and_
discriminant functions are shown in Table '15. No
difference in corn development-grain yield was observed in
1986 (Compare discriminant functions 'in Table 15). Similar
results were observed in the Beadle soil in 1987. However,
Worthing moldboard plowed plots behaved differently'from
other tillage plots with respect to corn development-yield
in 1987. This might be due to the cloddy surface of the

moldboard plowed plots caused by delayed plowing.

B. Corn and Soybean Emergence

There was no significant differencg in the percent
corn emergence between tillage treatments in the‘Beadle
Sledl (Table 16). Since the Worthing tillage plots were
completely ftlooded by the heavy rain after planting for
about a week in 1986, the percent corn emergence was
drastically reduced. The highest emergence was observed in
the ridged plots (62 and 59%) and the lowest emergence was
observed in the chiseled plots (32 and 122)‘(rable LG
There was no significant difference in corn emergence \

between tillage treatments in the Worthing sioll Hin EOIBH
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except in chiseled and ridged plots under continuous corn.
Chiseled continuous corn plots had significantly higher
corn emergence than the ridged plots.

There was no significant difference in percent
soybean emergence between tillage systems in either of the
soils and years (Table 17). Both corn and soybean
emergence was significantly higher in the Beadle soil than
in the Worthing soil in both years (Tables 18 and 19).
There was no significant difference in the days to 50% corn
emergence due to tillage or crop rotation in the Beadle
soil except in the moldboard plcw plots in 1987, whére days
to 50% emergence was significantly increased under
continuous corn compared to corn afterAsoybeans (Table 20).
The date of 50%Z emergence was significantly delayed in the
Worthing moldboard plowed plots compared to the; tillage
plots in 1987. This was due to the cloddy surface caused
by delayed ploéing in these plots. |

There was no significant difference in the date of
50% soybean emergence 1in either soil in 1986. However,
the date of soybean emergence in moldboard plowed plots was
significantly delayed in both soils im 1987 (Table 17).
About a week delay in the date of 50% soybean emergence in
the Beadle moldboard plowed plots might be due to low soil

moisture in these plots compared to other tillage plots at
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Table 16. Percent corn emergence under different tillage

systems in the Beadle and Worthing Soils.

Soil fdclagle cec e rs—sas Percent emergence-------—-—-—---
------ 1986=====  ======1987=====-=
cc sc cc sc
Beadle MB 94 a 93 a 98 a 99 a
iy 97 a 86 a 98 a 93 a
RT 94 a 92 -a 1§93 4 98 a
NT 89 a 94 a 94 a 99 a
Worthing MB 46 b 52‘§ 90 ab 88 a
cP 32 b 12 ¢ - 4796 a ' gosal
RT 62D 588 : 80 b . 92 a
NT 59 b 1M . EEAR

MB= moldboard plow CP= chisel plow

RT= ridge-till NI= no-till

CC= continuous corn SC= Corn aftér soybean

Within a soil and year, means with the same letter are not
~significantly different at .05 level. Each mean is an

average of 3 observations.
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Table 17. Soybean emergence under different tillage

systems in the Beadle and Worthing soils.

Soil Tillage Percent emergence Days to 50% emergence

1986 1987 1986 1987
Beadle MB 9i5| ‘a 98 a 25 a 3 7! [a |
CP 93 a 98 a U el 10 b @m
RT 100 a 98 a 12 a 9 b
NT 99 a )8 e TZea I'E" b
Worthing MB B8 b~ *647D 16 a i) -
e 74 b 87 b 19 a et L
RT 87 b 84 b 16 a 1 2448
NT 83 b 83 b DG # 15*% i‘-_; N  ﬂ

MB= moldboard plow CP= chisel plow
RT= ridge-till NT= no-till
Within same soil and year means with the same letter

_are not significantly different at .05 level. Each mean is ‘ 1

an average of three observations.
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Table 18. Corn emergence in the Beadle and Worthing
soils (averaged over tillage treatments and

crop rotations).

Soil Percent emergence Days to 50%Z emergence
1986 1987 1986 498

Beadle 93 a 96 a 12 ' 9 a

Worthing 46 c 90 b * ES b

——————————————————— e —————————————————————————————

Means with the same letter are not significanmt at .05

level. Each mean is an average of 24 observations.

Table 19. Soybean emergence in the Beadle and Worthing

soils (averaged over tillage -treatments).

Soil Percent emergence . Days to 50%Z emergence
1986 1987 1986 1987

Beadle 97 a 97 a 1334, 7a Bty ¥

Worthing 83 b 759 5b 17 b 17 b

Means with the same letter are not significant at .05

level. Each mean is an average of 12 observations.
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Table 20. Days to 50% emergence, silking and maturity
of corn under different tillage systems in
the Beadle and Worthing soils.

Soil Tillage DFE DFS DFM
(GG SIC (0XC; S(C GG se
1986

Beadle MB 12 a N2 a 68 a 68 a 113 a IS4 a;
GiP 12 a 12 a 68 a 68 a 114 a 18194 A
RT 52 “a ) [ U 68 a 67 a 1 13 114 a
NT 11 a 1Ll a 67 a 67 la 114 a 18- a

Worthing MB * * 82 b 81-b 1 17 kay™ «1iskwa
CP * * 84 b 84 b 117 -a . 120 b
RYL * * 83 b 83 b 116 a 117 ab
NT * * 83 b 7a8k 4G L17a 2a¢ - RIUING =a

1987

Beadle MB 13 .a 8 b 74 a 7-34 23 LL7Z. a2 U7 a)
CP 10 a 8 ab 74 a s ra 118 ab 118 ab
RT 10 a 8 ab 7a A 7 8 2a 118 ab 118 ab
NT 10 a 8 ab 76 a 74 a I 18+ 118 b

Worthing MB 246 bl & 2164 ib 85 b &5 b 152 7.8 126 b
CP 11 a 1/2"*a 78 a 80 a 21 ~a 119- ¢
RT 1 e 10 a 77 a 77 a L 159 .a 119 ac
NT 10 a 10 a 7:6= 13 75 a 118 a 118 ac

MB= moldboard plow CP= chisel plow RT= ridge-till

NT= no-till CC= continuous corn SC= corn after soybeans
DFE= days to S50% emergence DFS= days to 50%Z silking

DFM= days to 507% maturity

Within a soil and year means with the same letter are not
significantly different at .05 level. This designation
should be used only with preplanned comparisions. Each
mean 1s an average of 3 observations.

*Emergence was less than 50% for most of the plots in the
Worthing soil 1n '1986.
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emergence (Table 17 and Filgure. 12). . Signifdcant delay in
50%Z emergence in the Worthing moldboard plowed plots in
1987 was again due to the cloddy surface. Date of 50%
emergence of soybeans was significantly delayed in the
Worthing soil compared to the Beadle soil in both years

(;Table 19)..

C. . Corn Leaf Area

There was no significant difference in the leaf
area of corn among the tillage treatments throughout the
whole growing season in both Beadle and Worthing soils in
1986 (Figure 18 and 19) and in the Worthing soil in 1987
(Figure2l). Corn leaf area was significantly higher under
moldboard plow treatment than under chisel plow and no-till
treatments for most part of the growing season in the
Beadle soil in 1987 (Figure 20). There was no significant
difference in leaf area between the moldboard plow and
ridge-till treatment during the first two measurements but
Boldboard, plow had significantly higher deaf.area than
ridge-till system in the later measurements.

The difference in corn growth response to tillage
systems between the two years in the Beadle soil may be due
to the difference in planting dates in those years.

Tillage plots were planted on May 20, in 1986 and on May 6,

in 1987.
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In general, corn after soybean plots had a higher
leaf area than the continuous corn plots (Figure 22 and
23PN Continuous corn and soybean-corn Beadle plots did not
show any significant difference in Leaf area in 1986
(Sampling Date:7-29-86). However, Worthing moldboard
plowed plots had significantly higher leaf area under
soybean-corn rotation than under continuous corn in 1986
(Table 21). Soybean-corn rotation plots also had
significantly higher leaf area than continuous-corn in the
Beadle soil in 1987 (Sampling Date-6—i9-87) under all
tillage treatments except in the ridge-till system. All
soybean-corn Worthing plots had higher leaf area values
(Sampling Date:6-19-87) than the continuous corn plots but
they were statistically significant only under the no=tilil

system (Table 21).

D : Silking (50%) and maturity (507%)

No significant difference in SOZ silking and 50%
maturity dates was observed either due to tillage
treatments or due to crcpping sequence 1in tﬂe Beadle soil
in both years (Table 20). The silking (50%) and maturity
(50%) dates were significantly delayed in the chisel plowed
(soybean-corn) Worthing plots compared to the moldboard
plow and nc-till plots in 1986. These plots also had the

lowest emergence in 1986. More micro depressions were
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Figure 18 Corn leaf area under different tillage treatments of Beadle
soil during 1986 growing season.
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Figure 19 Corn leaf area under different tillage treatments of
Worthing soil during 1986 growing season.
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Figure 20 Leaf area under different tillage treatments of Beadle soil
during 1987 growing season.
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Figure 21 Corn leaf area under different tillage treatments of
Worthing soil during 1987 growing season.
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Figure 22 Corn leaf area under continuous corn and soybean-cqrn
rotation in Beadle and Worthing soils (Date 7-29-86) .
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Figure 23 Corn leaf area under continuous corn and soybean-corn
rotation in Beadle and Worthing soils (Date 6-19-87).
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Table 21. Corn leaf area under different tillage

treatments in the Beadle and Worthing soils.

$oil Tillage Leaf area (cm? plant -1,
Date- 7- 29-86 Date- 6- 19-87
CIC SC CiC scC
Beadle MB 6433 a 6599 a 2089 ab 2775 d
CP 6212 a 6208 a 1515 ac 2305 de
RT 6232 a 6195 a 22% b4 2443 de-
NT 5970 a 6319 a 1386 ¢ 2090 e .
Worthing MB 3652 a 4603 b 600 f 24BN L
CP 3474 ac 3283 ¢ 774 gg | | "SI
RT 3378 ac 3566 c 1014 fg 1444 ¢
NT 3294 abc 3898 bec 1281 ¢ 1909 g

MB= moldboard plow CP= chisel plow

RT= ridge-till NT= no-till

Means with the same letter are not significantly different
@l . 05 level. This designation should be used only with

preplanned comparisions. Each mean is an average of 3

observations.
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observed in these plots which caused more ponding of water
and delayed corn development. However, in 1987, moldboard
plcwed plots showed a significant delay 1in silking (50%)
and maturity (50%) compared to other tillage treatments due

to the cloddy surface caused by late plowing (Table 20).

E. Grain Yield of Corn and Soybeans

There was no significant difference in grainm yield
of corn due to tillage systems in the first year of
experimentation (1986) in the Beadle soil (Table 22).
Similar results were observed in corn after soybean
rotation plots in the second year (1987). However,
moldboard plowed, continuous corn plots produced
significantly higher grain yield than other conservation
tillage systems in '1987 in the Beadle soil. No significant
difference in corn yield was observed between tillage
systems in the Worthing soil in 1987. Chisel plowed plots
flad significantly lower yield :tham all jotien ClaRaih Lots
in the Worthing soil in 1986 (Table 22). This was due ito
reduced emergence and corn growth in these plots because of
excessively wet conditions caused by ponding of water in
the micro depressions. The corn after soybean plots
yielded higher than continuous corn plots in both soils btut
they were not statistically significant except in the

Worthing no-till plots in 1987. (Table 22 and 23). Better
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yleld performance of conservation tillage systems under
corn after soybeans than under continuous corn might be due
to reduced residue cover from soybeans and improved soil
drying (Griffith and Mannering, 1985). Significant yield
reduction (as in the Beadle soil 1987) in the conservation
tillage systems compared to the moldboard plow system under
continuous corn might be due to the allelopathic effect of
decaying residue (Griffith and Mannering, 1985).

There was no significant difference .in soybean
yleld among tillage systems in both Béadle and Worthing
soils in 1987 (Table 24). Moldboard plowed Beadle plots
produced significantly higher soybean yield than chiseled
plots 1in 1986. However, there was no significant
difference in soybean yield between the three conservation
tillage systems and Between moldboard plow, ridge and
no-till systems. Moldboard plow and no-till treatments
produced significantly higher soybean yields than chiseled
plots in the Worthing soil in 1986. The lower soybean
yields in these plots compared to other plots (moldboard
and no-till) was due to more wetness, diseasé and salinity
problems in some replications of these plots. The disease
Phytophtora root and stem rot was quite prevalent in most
of the Worthing soybean plots in both years due to wet

conditions.
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Table 22. Grain yield of corn under different tillage

systems in the Beadle and Worthing soils.

Blodl Tillage Yield ( Mg ha~l)
1986 1987
cc sc 06" scC
Beadle MB 9.97 a  10.38._a4 J0.75 a5 Nieden
cp 9.35 a  10.56,8 .,9.00 b  -sndshel
RT 9.28 a. 10.05 ay x9.52 b los88pak
NT 9.59 a 9.85 ay 8.89 b OIS,
Worthing MB 3. 35we SrnbrZumc 6.66 d o 8 lasnd
cP 1.76 b 1.42 b 6.93 d 8.69 d
RT 2.63 ¢ 3.13.¢ 1ok piansint o
NT 2ud% c 3.l € o Tl ¢ e B

MB= Moldboard Plow CP= Chisel plow RT; ridge-till

NT= no-till CC= continuous corn SC= corn after soybean
Within the same year and soil, means with tﬁe same letter
Bibe not signifieamt at .05 lavel. This designation should
be used only with preplanned comparisions. Each mean is an

average of 3 observations.
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Table 23. Grain yield of corn under different crop

rotations in the Beadle and Worthing Soils.

Soil Rotation Yield (Mg ha"l)
1986 1987
Beadle GG 9. S9F¢a . 9" W514) Ja
SC ew. 2.1 a 9 m4ia
Worthing Gle 2.45 Db - ] 509 e

sC 2% 815 b 7, ke
CC= Continuous corn SC= corn atter soybeans
Means with the same letter are not sign{ficantly
different at .05 level. Each mean is an average of 12

observations.
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Table 24. Grain yield of soybean under different tillage

systems in the Beadle and Worthing soils.

Soil Tillage Soybean yield (Mg ha~l)
1986 1987

Beadle MB 3aklina aswih 2
CcP 2.99 b 2.92 a
RTI "y ¢ #3586 VSN S 851¢%a
NT 3¢l abvsp 2.99 a

Worthing MB 106 #cd $705 %e
CcP 0.30 e ' Ow®brci,
RT 0.67 de 1.63 c
NT 1.42 ¢ 119 1499%e

MB= moldboard plow CP= chisel plow

RT= ridge-till NT= no-ﬁill

Within the same soil and year means with the same letter
Bténot signi¥tcant -at  .05'level. AV This designation should

be used only with preplanned comparisions. Each mean is an

average of 3 observations.
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In all years, corn and soybean yields were
significantly higher in the Beadle soil than in the
Worthing soil (Tables 25 and 26). The extremely low yields
in the Worthing soil in 1986 were due to ponding water in
most of the plots during most of the growing season
(Efgures - 7 and 12).

Since well drained and poorly drained soils are
frequently located in the same field 1in eéstern South
Dakota, 1t 1Is essential to visualize the tillage and
cropping sequence effects on the avefage crop yleld from
the filield as a whole. Average corn and soybean yields for
a field comprised of different proportions of the Beadle
and Worthing soils (85:15, 80:20 and 75:25) were calculated
for different tillage treatments (Table 27). fhe
proportion of well And poorly drained soils in eastern
South Dakota was assumed to be in the above range.
Moldboard plowed field produced about 12%, 8.5%, and 10%
higher corn yield than chisel plow, ridge-till and no-till
fields respectively under continuous corn. However,
moldboard plowed fields had only atout 3%, i.3Z and 3%
higher yield than chisel plow, ridge-till and no-till
fields respectively for corn grown after soybeans.
Ridge-til1ll under corn-soybean rotation produced higher corn
yield than all other treatments except moldboard plow

treatment under cormn-soybean rotation. Soybean yields for
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Table 25. Grain yield of corn in the Beadle and Worthing
soils (averaged over different tillage systems

and crop rotations).

Soil Yield ( Mg ha~l)

1985 1986 1987
Beadle 8.20 a 9 L 8.9 ral. 9394 a
Worthing 7:36 e 24 67 1 Dy & T

Means with the same letter are not significantly at .05

level. Each mean is an average of 24 observations.

Table 26. Grain yield of soybean in Beadle and Worthing

soils (averaged over tillage ‘systems).

Soil Yield ( Mg ha~l)

1985 1986 1987
Beadle 2.84 a 3.15 a ) 3.05 a
Wworthing 2. 2,3 ' 0.86 b 1. 18 I8

Means with the same letter are not significant at .05

level. Each mean is an average of 12 observations.
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Table 27. Average corn and soybean yields (1986, 1987)
under different tillage treatments in a field
comprised of different proportions of Beadle and

Worthing soils.

Tillage Yield (Mg ha~1l)

B:W 85 : 15 30sk 28 wd | RIKEARS

MBiit 9B 6t 9elO% 2:95: <9.295% 904 #2rZ 28 B0N0.28NI0LNCRINEZ 2610
PPl e 8L 45al %84 2.61 78.21 9% 184} 2449 wFLSd  »8 . PPN 288
B s 81573 w062, 52482, Bafid ¢dsdd LEsdie CncintinbEntsl
DT . 8:57:29:871 2.81 -8.35 |9lSani. it S 0NN 2NN
MB=moldboard plow CP=chisel plow RI=ridge-tilk NT=No-t111
CC= continuous corn SC?‘cdrn after soybeans CS= Soybeans

B:W= ratio of Beadle to Worthing soils
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chisel plow, ridge-till and no-till fields were 11-167%,
4-7%Z and 4-7%Z lower respectively than for moldboard plowed

fields.

E. Economic Analysis

The production costs of corn and soybean crops
under different tillage systems were tabulated (Table 54).
The actual costs of fertilizer and seeds were used in the
calculation. Other costs such as herbicide, insecticide,
fuel and o011, machine repair and total fixed costs were
adopted from Allen (1985). Gross income from the
continuous corn and corn-soybean rotation plots were
calculated (Table 55). Actual selling price of corm and
soybeans were used for the gross income calculations. Net
return (to land, labor, capital and management) was

galculated by subtracting total.costs frem ghe grosss indvme

(Table 28).

Two years overall net return varied from $168 to
$224 per hectare in the Beadle soil while there was a loss
in the Worthing soil. The highest net retufn was obtailned
from the ridge-till plots under corn-soybean rotations and
the lowest net return was from the chisel plow continuous
corn plots of the Beadle soil. Cormn-soybean rotation plots
provided higher net return ($56.0 to $85.O)Athan the

continuous corn plots under all tillage treatments. The
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Table 28. Economics of growing continuous corm and
corn-soybean in rotation under different
tillage treatments of the BReadle and

Worthing soils.

‘'Tillage Total cost Gross income Net return
----------------------------- $/h @)y da pEIs ~ FERETA BN
cc C-SB ccC C-SB @ehn g C-SB

Beadle Soil

MB 84485 ®:281.43 " 1248 =505, 318 BEN6 7FN6SER2SIRON)
CP 207 F06 L XTIV 450.92 475.41+ 143524 1328.7%8
RT 3027367 24998 463,58 449309d: MEI22 245.94
NT 296 198 248 .14 =452 .70 " 54 726N FWIRSES N2 E 22 SN0I6
Worthing ‘ .
MB 344 .85 "®281'1431.240.92 228518 1L= 0SS -53.30
CP 310'7) » 6.8 =8:215') 8677 _229}37 183. M eAT9L 0D ;—68.38
RT 302.36°7249.98 7. 257.54 "2)4vel el ading 2 waeSnl
NT 496,98 11248 34#1250.,83 Fud40 .22 f46.{5 =8'50.2

MB=moldboard plow CP=chisel plow RT=ridge-till NT=no-till
CC= continuous corn C-SB= corm soybean rotation
Net Return = Net return to land, labor, capital and

management
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loss of dollars in the Worthing soil was partially cauéed
ty the low yield of corn and soybeans in 1986 due to
excessive wetness. The overall low net return in the
Beadle soil even with good yields during both years was due
to very low selling prices of corn and -soybeans. The
rotational yield fcr 1986 and 1987 results in a negative
return because of the low yields experienced in 1986. A
positive return would be possible with 1987 rotational
yields. Corn-soybean plots suffer lgss loss than
continuous corn plots under all tillage treatments of the
Worthing soils. Fewer losses were observed under no-till
and ridge-till systems compared to the chisel plow and
moldboard plow systems in the Worthing soil.

Net return from a field comprised of different
proportions of the ﬁeadle and Worthing éoils‘(85:15, 80:20
and 75:25) were calculated by using yleld data in Table 27
(Table 29). Corn-soybean rotation plots produéedlhigher
net return ($55 to $73 ha'l) than continuous corn plots
under all three soil proportions. Ridge—ti;l plots under
corn-soybean produced the highest profit compared to all

other treatments.
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Table 29. Net Return from growing continuous corn
and corn-soybean rotation (average of 1986
and 1987) under different tillage treatments
in a field comprised of different proportions

of the Beadle and Worthing soils.

Tillage Net profit ($ ha~1 year 1y
B:W 85 15 80 20 7'5 25
ccC C=8B cC C-SB cC C-SB
BIEW % % 26..91 “187.37 113.33 168.50 99 77’5, T L5 4M6™
Bes #1110 . 0'8 18749%,°9 5 99.00 165.35 87589520 ¢ 1 501,714
BSE ' 130.854 2103.76 120.05 189.67 1684 79", 1 7549
BRI - 11125 .44 - 189 .83 1 1 5% 86 1 7:8%91:9 NN 25T #6665

MB=moldboard ploﬁ CP=chisel plow RT=ridge—till NT=No-till
CC= continuous corn C-SB= corn soybean rotation

B:W= ratio of Beadle to Worthing soils
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SUMMARY AND CONCLUSIONS

The effects of tillage systems, well and poorly
drained soils and cropping sequence on soil properties and
crop development-grain yleld were investigated over a two
year period in Lake County, South Dakota. Two soils
included in this study were Beadle and Worthing series.
Beadle and Worthing soils differ in thelr properties
because of their position inm the landscape; The Beadle 1is
a well drained soil in the upland position that containsv
39% clay in the sub-soil and is calcareous below a depth of
0.52 m. It has medium to low permeability. The Worthing
soil on the other hand, is a poorly drained soil in the
footslope position fhat contains greater than 40% clay in
all horizons with low to very low permeability.

The surface ﬁorizon of the WOrthing soil contained
significantly lower hydraulic conductivity (K-sat) and a
significantly higher volumetric moisture (%6 . 6% Wi Jg, TR,
soll pH, available phosphorus and potassium than the Beadle
soil. The Worthing soil also had significanFly higher
surface electrical conductivity values than the Beadle soil
which varied from year to year depending on the depth to
water table. Higher water tables resulted in higher
surface electrical conductivity values.

Corn and soybean emergence and corn growth (as

indicated by leaf area) were significantly reduced
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(delayed) in the Worthing soil compared to the Beadle soil
because of the poorly drained conditions in the Worthing
soil. Significantly lower corn and soybean yields were
obtained from the Worthing soil compared to the Beadle
sodl;

Ridge-ti1ill and nc-till treatments produced
different physical properties than the moldboard anda chisel
plow treatments in the Beadle soil (comparing discriminant
functions in Table 8). However, therg few differences 1ﬁ
the physical propert;es of the WOrthing soil which could te
attributed to the tillage systems.

Surface residue cover increased as tillage
intensity decreased. Chiseled, ridged and no-till plots
contained about 5, 7 and 8 times respectively higher
surface residue covef than moldboard plowed plots. The
difference in surface residue cover is well reflected in
surface water storage and surface soil temperatﬁre in the
beadle soil. Surface volumetric water in the Beadle soil
increased as tillage intensity decreased with the highest
water in the no-till and the lowest in the moldboard plowed
plots. Surface water storage in both soils at silking was
ranked as no-till=ridge-till> chisel plow> moldboard plow
in 1987. Surface water storage in the Beadle soil at
silking was in the order of ridge-till)> chisel plow>

no-till> moldboard plow in 1986. No significant difference
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in water use (ET) was observed between tillage treatments
in both Beadle and Worthing soils.

Surface soil temperature was the lowest in ridge
and no-till, slightly higher for the chisel plow, and the
highest for the moldboard plow Beadle plots. No
significant difference in soil temperature was observed in
Worthing soil due to tillage treatments.

In both years, surface bulk density increased as
tillage intensity decreased. In-row/surface hydraulic
conductivity (K-sat) was significantly higher for the
moldboard and chisel plow plots thanm ridge-till and no-till
Beadle plots in 1986. Hydraulic conductivity for the
no-till and ridge-till Beadle plots increased in the second
year, possibly due to the formation of continuous root and
worm channels. |

Few differences in soil chemical properties due to
tillage systems were found within these soil. ,hoﬁever,
ridge-till and no-till systems significantly acidified the
Beadle soil surface compared to moldboard plpw and thisel
plow systems. No-till Beadle plots showed a 15% increase
in the surface (0-0.15 m) organic matter ccmpared to the
conventional plots. Ridging in the poorly drained Worthing
plots significantly increased surface (0-0.15 m) and
sub-soil (0.15-0.60) nitrate levels compared to chiseling

and no-till treatments possibly due to improved aeration
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and enhancement of the nitrification process in the ridge.
Ridge and no-till plots had higher available P levels than
moldboard plowed plots in both soils. No-till Worthing
plots contained significantly higher available P levels
than the conventional plots. A similar trend was observed
for available K in the Beadle soil.

No significant difference in corn development
(emergence, leaf area, silking and maturity dates) and
grain yield was observed in either soil in 1986 due to
tillage treatments. There was no sigﬁificant difference in
corn emergence due to tillage in the Beadle soil in 1987.
Moldboard plowed Beadle plots had significantly higher 1leaf
area than other tillage treatments for most of the growing
period and produced a significantly higher yield under the
continuous corn rotation. However, no significant
difference in corn yield was observed due to tillage under
corn after soybeans. Ridge-till Beadle plots under the
soybean-corn rotation produced higher corn yields than
other treatments (except moldboard plowed plots under
soybean-corn rotation). No significant decréase in *c&rop
emergence or grain yield was observed solely due to
conservation tillage systems in the poorly drained Worthing
sio 'l . Delayed plowing of the Worthing conventional plots
in 1987 caused a cloddy surface which may h;ve delayed corn

growth, silking and maturity compared to other tillage
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treatments. This indicates that after a wet year such as
1986, timely moldboard plowing could be a major problem in
a poorly drained soil such as Worthing. Conversely a
significant delay in soybean emergence of moldboard plowed
Beadle plots may be due to the low soil moisture of these
plots compared to other tillage plots in 1987.

Corn after soybean plots in general produced higher
leaf area and higher corn yield than continuous corn pl.oits.
The leaf area was significantly higher for cormn after
soybeans than continuous corn only under no-till treatment
in both soils in 1987. Corn after soybean yield was also
significantly higher than continuous corn yield only under
no-till in the Beadle soil in 1987.

As mentioned earlier, all conservation tillage
systems (especially ridge-till and no-till) stored higher
moisture than the conventional tillage in the surface layer
of a well drained soil. Since both 1986 and 1987 were
relatively wet years, the advantage of moisture
conservation was not reflected in grain yields. However,
greater amounts of soil moisture conserved under E i'digie=tdhii
or no-till systems could be advantageous during dry years.
The assumed disadvantages of the no-till and ridge-till
systems for poorly drained soils should have been maximized
during the wet years of 1986 and 1987. Howgver, these

systems performed as well or better on the Worthing soil
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indicating that ridge or no-till systems could be
considered for use in comparable landscapes. Conservation
tillage systems also have other additional advantages such
as erosion control.

Economic analysis showed a positive net returnm (to
land, labor, capital and management) in the Beadle soil and
loss in the Worthing soil. The corn-soybean rotation
produced higher net return than the continﬁous corn under
all tillage treatments. Ridge-till plots under
corn-soybean rotation produced the hiéhest net return of
all other treatment combinations in the Beadle soil. The
loss was the lowest in the no-till plots of the Worthing
soil under corn-soybean rotation.

Estimated corn yields for a field comprised of
different proportions of the Beadle and Worthing soils
(85:15, 80:20, 75:25) was higher for fidjesuupl
corn-soybean rotation plots than for all other plots except
moldboard plow plots with corn-soybean rotation. The net
return from such fields was also the highest for the
ridge-till plots under corn-soybean rotation;

Therefore, 1f I have to choose only one tillage
method for both poorly drained and well drained soils
located in the same field as in this research site, my
choice from two years experience with this prcject wculd be

a ridge-till with corn-soybean rotation. However, there is



soil properties are occurring
relatively short time period.
to be at a steady state after
'major relative effects of the
productivity of the different
systems however, are probably

data.
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a need for longer term tillage research to better describe
soil physical and soil chemical steady states of these

systems. This study indicates that some changes in the

due to tillage systems in a
Many of these are unlikely
two years of treatment. The

tillage systems on the

soils in the landscape

reflected in the current

Al
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APPENDIX A
PEDON DESCRIPTION "

. g wwdh waEine 3ilS
TR L .tﬂ-;nlﬂ_lll'{
BT Pl 5 ;-Hﬂﬂn*z

CHWD 4 o ol | il -..-hﬁ
a4 «ffasmgpe aiis lll-ﬂil' ‘L

Sad o RS - ) "

. | 7.4 b sninh ol

A wHEh "“"t'ﬂ'-..‘.,

i Exie mz%l‘ﬁ‘ ;"-Lﬂ e

Vomt

- cadtie shesha  Bewe I

e R

e e




Ap

Bt

Bkl

Bk?2

I

Appendix A Pedon Description

Pedon 1 - Beadle Tillage site.
0-22 cm; very dark gray (l0YR 3/1) moist and very dark
grayish brown (10YR 3/2) dry silty clay loam, moderate
fine granular structure; friable; common fine roots;
abrupt and smooth boundary.
22-52 cm; very dark grayish brown (10YR 3/2) moist and
dark grayish brown (10YR 4/2) dry silty clay loam; weak
medium prismatic structure papting to moderate medium
sub-angular blocky structure; firm; common fine roots;
clear and wavy boundary.
52-83 cm; olive brown (2.5Y 4/4) moist and brown
(10YR 5/3) dry silty clay loam; weak med;um»prismatic
structure parting to moderate medium sub-angular
blocky structﬁre; ficm; | few fiine dark,yellowish
(10YR 4/4) mottles; common and medium accumulations
of calcium carbonate; strong effervesceﬂt; hildly
alkaline; clear and wavy boundary.
83-113 cm; grayish brown (2.5Y 5/2) mqist and pale
brown (l10YR 6/3) dry loam; week medium prismatic
structure parting to moderate medium sub-angular blocky
structure; friable; common medium strong brown (7.5YR

4/6) mottles; common fine accumulation of calcium

carbonates; strong effervescent; mildly alkaline;

abrupt and wavy toundary.



113-130 cm;

light brownish gray (2.5Y 6/2) dry;

£ .

v

dry very fine sandy loam; structurelesg maigt .t
friable; strongly effervescent; mildly alka%ige o
, LA EVERSUI T ol
Described by: B.R. Khakural. ol
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grayish brown (2.5Y 5/2) moist and
and dark yellpwfsh

brown (10YR 4/4) moist and yellowish brown (IOX
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Pedon 2 - Worthing tillage site

0-18 cm; black (10 YR 2/1) moist and very dark gray
(10YR 3/1) dry silty clay; moderate fine granular
and moderate medium sub-angular blocky structure;
firm; common fine roots; abrupt and smooth boundary;
common white crust on pit faces when dry.

18-40 cm; black (10YR 2/1) moist and very dark gray
(10YR 3/1) dry silty clay; moderate medium prismatic
breaking to strong medium sub-angular blocky and
moderate medium fine angular blocky structure; very
firm; continuous black pressure faces on all ped
faces; few fine roots; clear and wavy boundary;
common white crust on pit faces when dry.

40-55 cm; Black (10 YR 2/1) moist and very dark

gray (l10YR 3/1) dry silty clay; moderate medium
prismatic structure breaking to moderate medium
sub-angular blocky and moderate fine angulgr blocky -
structure; very firm; continuous black pressure faces
on all ped faces; few fine roots; cleaf and wavy
boundary; many white crust on ped faces when dry.
55-81 em; Black (10YR 2/1) moist and very dark gray
(10YR 3/1) dry silty clay; weak medium prismatic
structure parting to moderate medium sub-angular

blocky structure; very firm; continuous black



Bt4

Bt5

pressure faces on all ped faces; clear and wavy
boundary; many white crust on pit faces when dry.
81-105 cm; black (10YR 2/1) moist and dark gray
(10YR 4/1) dry silty clay; weak medium prismatic
parting to moderate medium sub-angular blocky
structure; very firm; continuous black pressure
faces on all ped faces; clear and wavy boundary;
many white crust on pit faces up to 90 cm

when dry.

105- 130 cm; very dark gray (10 YR 3/1) moist and
dark gray (l10YR 4/1) dry silty clay; weak medium
prismatic parting to moderate medium sub-angular
blocky structure; very firm; continuous black

pressure faces on all ped faces.

Described by- B.R. Khakural

Date-8-4-1988.
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APPENDIX B
RESIDUE COVER, SOIL MOISTURE AND SOIL TEMPERATURE
-
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Table 30. Percent residue cover under different
tillage systems of the Beadle and
Worthing soils.

ST Ti1""%ase Percent residue cover
(C& SC CiS
1986
Beadle MB 7 . 7s'a 3. 385 6 .38 &
CP 44 . 0F b 21 . Thie 89 . 04 b
RT 84 .7 1b 22.7 ‘be. 8168 . 0Mde
NT 5308 39=98vd 6*0n.r8 e
Worthing MB 6.0 a £ 10, 8 6;0 a
CP 34.7 b 14. 74k 38.3 be
RT 50 B e 23 .38d 514 Si0fdc
NT %8 .08 ¢ 20 0 d 48 .0 ce
1987

Beadle MB 14.7 a 5'% 3Mka 1 35.74%,
CP 56.0 b 6% B} % S5e3. 7+-ib
RAT 65.3 b 501, QNG 57 . 31 #ble
NT 81 +'3=d 51 8e 8'51eY ad
Worthing MB 6.0 a 3.5 % 4,151 g,
CP 2 2 . i7Mb 10 .loyrabF | 52" B¥a
RT 24 .17 ibecL ¥ 20 .40: Ibicid 2(2 4788
NT N8BS 4 81... 33 ic 3'8 . /e

MB-moldboard plow CP- Chisel plow RT-ridge till NT-no-till
CC- continuous corn SC- corn after soybeams CS- soybeans
Within a soil and a year means with the same letter

are not significantly different at .05 level.
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Moisture storage ‘'under different tillage
treatments of the Beadle soil during 1986

Water storage (mm)

- ———— - - —— - ——— - ———— - - -

WIS T
118 ¢83
87.14

- —————————————— - ———— -

86.26
113.49
L2 (/5]
126.76

90.86

540.24

Sloss=St7
1 189 r3:2
1.310x527
1.3°L. 610

Tajbile 8d.
growing season.
Date Horizon Depth (m)
MB
5=2 1 Ap 0=10).°212 70.09
Bt 02250 52 1 N1OKN3S
Bkl 0. 5205831 0117896
Bk 2 0.583=1031 3 ¢ ] 16101540
C L1335 80.96
Total 498.76
61=21/7 Ap 0-0.22 82.972
Bt 022=0552 12378
Bkl 0,83121510 33" 1813 WN7
Bk2 03838151 N3 PNS S5 BN
< L Q1%8i=1 435 96.43
Total Sel= w4vG
6-25 Ap c-0.22 Be5re=0r2)
Bt 0 3225=0 §512- L BK249 .50 3
Bkl 0.52=10.83 | 1365196
Bk 2 0.83-1.13 136.66
© 1. 8= . 85 97 s 1V
Total 585.74
7-8 Ap 0-0.22 TLrsifi6
Bt 05.:2:2=10%, 5128 AIFZ80E585
Bkl ORI5I2=10%813"  WliSEIN55
Bk 2 0.83-1.13 134.83
C 1 R1ESi=RIS 315 96.87
Total 566.56
7-22 Ap 0-0.22 69 . 310
Bt 0.22-0.52 111.86
Bkl 0.52-0.83 125.66
Bk2 0.83-1.13 130.38
¢ 1. A83=1,. 35 LSl
513147 312

Total
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Table 31 (continued)

8-4 Ap 0-0.22 68 .42 74 .16 75.78 72472
Bt .0.22-0.52 105.94. 102,04 ' 10k 50 SLuNS

Bkl ' 0.52-0.83 421.79 116846 & 124898 Lusle: 25
Bk2-  0.83-1.13 426w12 ~* 12024 = =188 1 [ aanshis o

c 1,13-1.35 H@s 54 91.61 92.86 93.04

Total 515181 S03.51  S23L35 . Sz

8-21 Hp 0-0.22 78.01 75.90 75..40 82.37
Bt ©0.22-0.52 102.18 97.37 98.98  102.44

Bkil: ©.52-0.83 11%6.90  116.13  120.63 . 198,54

BR25 0.83-1.13 119.14 149.87  182.38 ' NaNLe

C 1. 13=1. 35 =~4duen 89.54 9}, 68 89~ 73

Total 505.92 496.31  S508.87 @ 488 83

§-2. ' Kp 0-0.22 73.43 76.91 75.30 9. %6
Bt: 0.22-9.57 90.8d 97 .41 99.62 98.75

Bl 0.52-0.83 117.46 116.59 & 135099 e

Bk2: 0.83-1.13 118.94 117.36 =@ 119 %0 Higias

c 1.13-1.35 :92,38 84.92 89.28 87.58

Total 501.52 489.30 501.84  498.29

PP ——————————— ARttt

MB-moldboard

plow CP-Chisel plow RT-Ridge till NT-No-till



178

Table 3. Moisture storage under different tillage
treatments of the Worthing soil during
1986 growing season.

Date Horizon Depth (m) Water storage (mm)
MB CP RT NT
D=2 Ap 0-0.18 84:=37 Bla 342 84.13 84.31
Bigly | 0.18-0.40  LOSK.. 26 109.45 102.43 104.17
B2 1107, 40-0/%55 Te3r1 5.3 76.86 619 % 51 7. 94
B3y O SBS10 48}l 130.07 1 3§1§. & 1.28%. 519 11§95, 748
Bittdy Of. 81k—15..05 1824352516 1§19, 8i8 1018548 104.38
Bit# 5 1§.1Qi =1, 315 154.20 149.85 144.75 130.74
Total 670.79 6.7.5u. 639.21 6 1i5i. 05
6-17 Ap 0= '8 % B A 8859 87.55 90.86
Btl - 0.18=-0.40 LLEl. 45 1553 513 11515, 89 1, 148k 83l
Bt2 0.40-0.55 74.18 79 7 b St 76.76
B3 0.9550 381 125,68 1 26 ., 813F 12§ 318 125.02
B4 0. 818=15.,015 11524257 1 IL18.,9i6 L1k, 3% (B (0)gp8
Bi&S 15, A==, 33 1364617 1 31967 1 37%..616 1'8ily. 919
Total 651.98 656.67 6 5 . 5.2 653.65
6-24 Ap O=10R188; 93 4. T 9:015:318 90.40 915 2819
Bituli 0 518=105340 FHESLESIO 114 383 1§l§2 §5i8 1518 363
Bit 2 - 0k 40=10. 355 7653148 75 .66 7 SkFls2 76.81
BE3 0455510 %81 14246 59, 1 126.56 42,6 25,7 125 544
Biti4 (0 481 §015 [BEL- KS : 1182 §OI3] L1 591 109.92
BtS 1 $@i5=1 §35 1136 463 139 528 137 .48 1312 a@S
Total 6,6:0 32,3 658.04 654.06 654.74
=18 Ap 0=0 718 8.7 5740 86.90 89.44 90.61
Btl 0.18-0.40 L2, 57 L1§24. 9ul! K. 613 416 . 8i0
Bt 2 =0.:4'0=10:55 75.14 7.5k, 5i4; 74.69 7 bieila8
B8 jim0:5555 0 48"l 125475 L2J6: %555 L2675 WS 125 0.3
Biti4:. 0n. 8I=11C05 IRINOEN 778 1 1225312, 112.01 109 15
BtS IR0 5 s 5) 158575319 140.06 1.3%7 4815 130", 06

Total 649.33 654.28 CISHL S 2 7/ 648.83
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Table 32. (continued)

7-22 Ap 0-0.18 92.00 90.05 88.78 897198
Btl 0.18-0.40 113.04 113.08 12170758 5F =S TS

Bt2 0.40-0.55 74.85 1511 74.56 SBVAT

Bt3 0.55-0.81 125.93 125.93 1.2°6% 38 - 1.2 3382

Bt4 0.81-1.05 111.96 111.36 101E20%3 NOZ=E5%

Bt5 1.05-1.35 138.05 140.77 138%°13 132848
Total 655.83 656.30 651.00 644.24

8-4 Ap 0-0.18 92.41 90.45 88.36 9285 I
Btl 0.18-0.40 112.15 11182°°9.3 gl 5(0) P77 IS5 5) 3
Bt2 0.40-0.55 74.49 75.04 7.4 0165 74.60
Bt3 0.55-0.81 125.72 19252981 132.5 225 124.22

Bt4 0.81-1.05 111.05 111.07 111.43 108.58

Bt5 1.05-1.35 137.10 140.46 1357 ep 385 IE3101% 882
Total 652.92 655.86 647 .24 643.91

8-21 Ap 0-0.18 92.65 91 . 75 87.5 88.78
Btl 0.18-0.40 113.27 113.05 108.85 1 ITI*CG°8

Bt2 0.40-0.55 74.40 74.80 7372310 74.00

Bt3 0.55-0.81 124.58 125.67 124.46 18283 PNS10

Bt4 0.81-1.05 110.71 111.16 110.64 107.59
Bt5 1.05-1.35 136.63 140.42 13167 82 1 SPEMIES
Total 652.24 656.85 640.95 636.57

9-2 Ap 0-0.18 92.81 92yl 86.26 8'9r =91
Btl 0.18-0.40 112.51 113.62 108.57 JWLE) & (05

Bt2 0.40-0.55 74.67 75951 734280 73.84

Bt3 0.55-0.81 126.00 126.75 I 21902319 122.66

Bt4 0.81-1.05 111.36 111.43 109.75 NOSEF9s7

Bt5 1.05-1.35 135.78 1 378 319 134.87 130+ 812

MB-moldboard plow CP-chisel plow RT-ridge‘till NT- no-till
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Table 33. Moisture storage under different tillage
treatments of the Beadle Soil during
1987 growing s season.
Date Horizon Depth (m) Moisture storage (mm)
MB CP RT NT
5-6 Ap 0-0.22 59.03 63.18 62.06 67 .43
Bt 0 $22-0.52 #8498 78.04 89.40 95§85
Bikel  (OF.5¥24-10/.1813. -146J2,.2510 89.98 HOPL 23815 10118925
Bk2 0.83-1.13 109.GC5 110MA = 3pL 1 NOL 3515 104.40
C 18.-1§3=4l5. 50 134 .50 113'28.,355 193161 . 315 1.248%.97.6
Total 490.01 470.86 S10j0}.5281 497.69
5-20 Ap 0-0.22 74.21 83.41 SY/AN65 8158 7.7
Bt 0.22:2F- 0552 191839245 15128 88,2 116.48 11 38.97.3
Bkl OFI5:2=01:, 813 JIn281 S48 1} 1’58516 115.82 116.07
Bk2 0..48:3=1 .13 119 .45 116.11 1i2:2550188 1.019i.27.8
c T R1E3= 1155101 § 818 48l 81.45 9:3. 183 79§99
Total 51186 ..789 50: 88 6N 5:3: 588810 5050836
5-28 Ap 0-0.22 84.18 88.19 SIOMIO8 9I0N5I0
Bt 0.22-0.52 119.74 WG 7/ 124082158 11 9k.joul
Bkl 0.52-0.83 124.66 11 9k92'2 1PIS9R.I8F3 12828357,
Bk 2 0.83-1.13 121.86 1 ISRt 15255:..05 113.54
C 18.8168i= 18.55.0 - | 48190 5749 85.54 94.87 8141 918
Total 51410 8285 5 2/988518 550.87 52983746
6-4 Ap 0-0.22 78.81 8I8¥E98 88.60 816111519
Bt 0 22250852 15146, 3318 115,06 | 141 8kK44 1 1578..05
Bkl 0L..572=0Ki8 3 158213 .5I5 118,685 " IL18K618 1.1698. 59
Bk 2 041813 1= 3 Me2hl, A9 1 19k :01lF L 249065 191§2%. 37,
C 18.01531=415.9510. §H9107 85 8i2v. 70 94.68 8i0L. .716x
Total 530.89 519.29 54504 S6Y. SV
6-11 Ap 0-0.22 84.17 86.26 89.88 91 460
Bt 0.22-0.52 118.02 1 10045188 1B RI0S 1 19K, .OWA
Bkl 0.52-0.83 123.32 112066 | 1-L7Za6:3 1 1495 34
Bk2 0.¢813i= 18:31'3 1A, 354 11, 38F  1.25%985 11g1§. 158
c 15.8¢3=1 .50 | i89..548 9L 32 981810 8i2:..69
Total 5316, 4510 504.14 542.69 523.84
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Table 33. (continued)

6-19 Ap 0-0.22 68.94 74.06 84.13 76.06
Bt 0.22-0.52 109.06 106937~ 115:3% (B H e
Bkl 0.52-0.83 120.09 1187585 216,29 116.69
Bk2 0.83-1.13 120.10 113.40 119.83 109.57
C 1.13-1.50 89.07 78.86 93.17 79.17
Total 507.26 484.21 528.73 492.60
6-29 Ap 0-0.22 62.94 61.30 75 0°2 67.19
Bt 0..22~0 .52 9€.9%6 9372513 107.81 163.'0%
Bk1 0,.52+40 .83 115,39 106,32 * 111.9% 113.39
Bk 2 0.483-1.18 LI7.59 110958 % 120,47 107 .47
C 1.03%=1.50 8. 37 75.87 92.58 & o
Total 482.22 447 .34 507.49 469.41
7-9 Ap 0-0.22 76.01 7919t L4997 Nk p Fh
Bt 0.22-0.52 101 .48 96.59 95.95 108.62
Bkl 0.52-0:.83 113:.9% 102.90 109.52 112,97
Bk2 0.83=-1.13 . 1Y6:84 108.82 118.88 105.64
C 1.13-1.50 86.62 97.39 92.24 75.93
Togal 494.58 484.89 494.03 485.48
7-23  Ap 0-0.22 71.78 70.17 78.06 71.06
Be  Q./2830. 52 2L0P 9 97.06 108.73 101.03
Bkl 0.52=8.83 ‘11561 104 .95 3 EEL08. L QR
Bk2 0.88-1.13 311858 11236 5 LA L iia24
(¢ 1.18~150 86.99 80.48 89.03 81.68
Total 502.93 464.03 500.30 475.72
7-31 Ap 0-0.22 60.93 5585 65.74 3797
Bt 0:.22-90;5% 92.36 77.40 97.06 87.13
Blel 0.5240.83 108,84 96.61 105.44 106.37
Bk2 0.83-1.13 122.62 105.79 118.00 103.24
& 1. I3= 50 87.82 72.65 91.56 82.71
Total 473.53 408.00 477.80 437.03
8-13 Ap 0-0.22 63.92 54,10 el 60.26
BE 0.22-0:52 90.75 70.77 87.93 80.90
Bkl 0.52-0.83 107.03 87.37 96.12 101.07
Bk2 0.83-1.13 114.09 102.20 116.55 99.32
C L. 13=1:59 79.41 71.56 92.29 73.01
Total 455.19 386.00 454.57 414.57
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Traghilia i3 3¢ (continued)

8i= 24l Ap Q=0 252 58.38 DI 61.49 610,53

Bl 01 202 = 0iSh2 8136 70.03 82.. 75 80.49
Bkl 0.52-0.83 104.46 82.75 90.56 98.58
Bli2: | (08 3 =il ST Se i s2 s OBl 104.19 ISAIEZE S0 AL

(0 1 R3Sl S0 82.49 71.69 9.0L. 57 ol 56

Total 444 .71 382.63 437.68 408.539
el Ap 0-0.22 S5 18 SIL G315 59.42 DI6)ED 2

Bt , 0.242+6.52 85 a5 WOV D19 TR w2 7 77 .14
Bkl . 0.52-0.83 9.7::9.2 7D 48,3 85.00 93081
BikeZ . 0 . 8i3i=l i3 s o] 08kn27 9225 5¢2. 109.81 912,818

c ) SRS S () 80.58 67.63 89.76 6/9/:1'9

Total 429.1 355.42 423.26 8190113

MB-moldboard plow CP-chisel plow RT-ridge till NT-no-till
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Table 34. Moisture storage under different tillage
treatments of the Worthing soil during 1987
growing season.

Date Horizon Depth (m) Moisture storage (mm)
MB GR RET NT
5-6 Ap 0-0.18 69.06 616:.15'5 66.58 70.56
Btl 0.18=0.40 'L S9k]1 8¥74 33812 818 522 90.34
Bt2 0.40-0.55 68.87 65.28 615,59 3 64.95
Bt3 0 255=i0/4#8 1 1°189. D89 K135, %75 8133 L2228 1O, 893
Bt4 0. 881 =1 .50i5 1019 &80 1105 Kl KOI3 %32 KO0 332
BtS 1 SOBS=PLZISI0. ZOS: 2818 206.46 o3, .57A3 148:18.. NO
Total 664.71 651 497 - 631.06 25, 170
5-20 Ap 0-0.18 72397 83.66 84.46 812 .67
Btl 0.18-0.40 97 &21 N@4 a3i7 103.96 919, 2912
Bt2 0.40-0".55 7 3wriita 72.89 71.49 G/ w2 2
Bt3 00550581 127 X669 126.82 k24 510:8 20 5§27
Bt4 0, 5888211, S@)5 | 1%1ES, 502 IS, A3i8 1582- 019 109 29:3
BtS I %05 =1 550 209334 211 326 209.69 202.47
TolGatl 695.07 214 £387 ZAQ85, 47, 5 682.48
5-27 Ap 0-0.18 79.60 88.36 87 446 85.98
Btl 0L B8 =10):4 0) FNO3.5315 Tz 3249 N7 &7 3 BO4 424
Bt2 0.40-0.55 FaDRAAYE) 78.59 a5 740); 318
Bt3 0I3981=0/58 1 ' 130 J45 u32 542 123.29 k24 5302
Bt4 O A8pRIL 805 VU175 22 11'8'90i12 114.96 112.69
Bt5S L §@531 350 211 460 2153963 213 506 207 507
Total n7 465 7-4,2°880 P25 K64 704.69
6-3 Ap 0-0.18 8. 63 85.86 86..24 . 84 . 32
Btl 0.18=0.40 102 58 Y07 .43 10§5.59 1Ok .46
Bt2 0.40-0.55 5 19245 ES¥.02:9) 78, 4 ¥ . 88
Bt 8 0.565=0%81 180 .42 1980548 7 126.64 128.27%
Bté4 0., 8 1=I,@8 1%7.20 WL 7 §39 i3 88 1kk.89
B&S I.05=W:50 210.38 203844 2028 7.7 205.06
Total ZL4.4% 729%77 LX¥7 626 693.88
6-11 Ap 0-0.18 81.68 88 Mo 87.561 8i6/. 8i8
Btl 0. 18=0.40" WES", 19 Il klgl3 107662 104 .81
Bit2 10%40=0". 55" 761 1 7'8... 59 7S 812 70k 153
BE3 0. 515=0. 3818 IWSI0L68 13 8L 1258 ST 5015 27452 101
Bt4 0'. 81 ="1500'S5 NJIe6r. 75 L8 &8 114 .18 A2 G
Bit'S 1 . @S=NF 'Si08 I2115..8'3 213550 200121 1810 205.41

Total 182 272 742.72 723.08 702.43



Table 34.

6-18 Ap
Bit-l

Bit 2

Bt3

Bt4

Bt5
Toltal

6-29 Ap
Btl

Bt2

Bt3

Bté

BtS5
Total

7-8 Ap
Btl

Bt2

Bt3

Bt4

BitlS
Total

=24 “Ap
Btl

Bt2

B3

Bt4

BitlS
Total

7-30 Ap
Btl

Bt2

B3

Bt4

BtS
Total

- O O O O - O O OO -0 O OO — O O OO

=0 0 &

(continued)

0-0.18

.18-0.40
H410=10 .55
B0 .88l
(88l =11 .10i5
AU 5.0

0-0.18
- 1181040
J4050" 3515
5515 =08 )L
881,505
o005 U6 50,

0-0.18
SI8=10) 4410
51050855
#919510 .18yl
283l H0D
NOBEMELSIO

0-0.18
.18-0.40
<4008, 5515
- SPE10..18)]
+ SUEMNHOIS
5 005 = 116 S

0-0.18

.18-0.40
< L0=0L 5515
<OR=OFF8IL
< SLL=PIROIS
~O0'5=NENSI0

75 -
100.
75 .
11249 .
.08
210.
708.

116

a3+
918 .
74.
10707488
=185, -
<59
.47

209
697

/18"
IL(0)7)%
7 o
1§248F
1515 .
26142 .
ol 5200

80.
104.
765,
172 Gl 5
ILIYST,
208.
714,

67.
©) St
7] 58
1216,
01, 30
205..
680.

96
85
82
78

69
68

08
23
26
3jl
00

789
67
283
50
288
14
5

S5
41
249
95
46
38
80

28
89
56
26
48
94
40

8 3%
140155
7 Sip
152:9).
1gl 6

212

253

80.
1,035

74

192" 7%
2 9 -

114
210

=130k

88 .

105

74.
128.
LalsS: .
212 s
T2\08

89.

111

76

11249

Ll Sk
208.
78l .

7 i
102.
74.
126.
114
208.
706.

48
78
18
58
40
518
61

57
24
429
il 2

.48
68

94
.49
30
79
85
819
76

89
.23
95
.30
12
70
19

44
44
202
66

919

89
03

84.
104.
73k
152 4s.
' 24
210.
7L (0

82.
102.
/1%

l 2 2

11 Iy,
251\ Ok.
701.

87.
105.

71

182 3.
el 2.
281 3i

7 ls2

84-
11065 ..
e B
24,
412
209.
709.

a9k
100.
70
12525
1110) 2
2075
691.

43
95
00
54
68
67
27

63
65
S5
.68
89
S
50

06
/3
.54
Sl
16
14
.93

94
32
05
88
8
02
553

64
28
78
03
92
79
44

78

69

leled

76.
96 .
67.
.30
109.
S
673.

120

80.
9195
68.
g2 14
IS0k
0.2,
6871,

82.
102.

A0k
201
109.
20728
689.

76.
96.
.00

68

120.
108.
200.
FOE

670

- Il
98.
3D
152581
.40
204.
686 .

84

07

83
39

68
189
61

66
30
73

47
00
04
IS
13
a2
521

9'5
40
66
14
61
28
03

112
07

50

64
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Table 34. (continued)

8-13 Ap 0-0.18 6,5% 213 79.96 73.46 R 72
Btl 0.18-0.40 92.69 102.11 9ISI6/8 9ISxli6
Bt2 0.40-0.55 73.80 USx2Z 70.05 67.23
Bit3 0.55-0.81 127.06 Sul2i7-. il 16213\ 02 16251 50.7
Bit4® 0.80-1.05 LIS .01 SRSk 1817255513 15101 Sl
Bit5 1.05i=1..501+2 1014255 syl 212 2 1O i7e4 205 15
Total 684.04 709.42 685.48 674.63
8-21 Ap 0=0 .18 65.56 7&3).: |0V 7050 ) 74.77
Bt Juws 051 8/=10ia3410ks1912..%512 96.60 94.06 94.16
Bit 2 W8 0r. 40101557 7851243 70 583 68.90 66.46
B't 3=107. 515=@Q 8Ll - 126k 4'1 g S1025%S10) 121 532 1194499
Btd 08 1=15:05 14 30115818 hadex88 MOI9E,. 772
BtS 1.05-=1.50 209 .21 M328f0rssH -210.82 203,.,2:2
Total 081.°22" | 463181522 649 J1.7 6/6/8 432
9I=3 Ap 0-0.18 64.17 70.84 29 6 72 398
Bit'] ARQR 1'8SGESAGI 2 G120 047 913 (641 91 .63 92 .:81
Bt2 0.40-0.55 72.44 6495577 67.49 66.24
B&3 |LO% SISEO:. 83l 248416 1.2 358101 LRG| B0 118.29
Bitt4, ERQMSIESAIEO-5MA] 22 6]0 1"1'25: 816 | §ll0I8" 430 108.01
BTT.S o IGIOISERRSION 20,558 818 209143 »2.06..5411 24071 815

Total 670.56 67 9355, HI6iES eS8 659.67

MB-moldboard plow CP-chisel plow RT-ridge till NT-no-till
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Table 35. Average weekly soil temperature under different
tillage systems in the Beadle and Worthing soils during
1986 growing season.

WAP Soil temperature at 0.01 m depth (°C)
MB CP RT NT
Max Min Mean Max Min. Mean Max. Min Mean Max Min Mean

Soil-Beadle

'y i 25540 NG 3 180 R 20134 1 1SS R ICES I OISR SSRGS 7. 29 . 119,54 165" 18 .0
4 4 23194 5 N6lg2T 0 11'9%9'e 21 39" 4 1i6TINNNNISOINOIE 2 IRNS R HISSTRONE 1i81Y6' T ‘2550, /1'6v¥er | 18%:%8
Sk 254600 189 4 2Z2m2.a 2356 i 'LBLIY ENZIZENERR ISEENIE - ISFIOM 2F.09F 246 . 191 21'.9
6% 2435 ¢ 1739w 2'1a32'a 2430 & 118 I 2VIEBINN22FOMN I ZANONN 2(0FN4% 22187 © 1A 29 F 20'.3
7.4 216;80 o 1GI50 5 2[Z55 25 0. 5 1'SESLNNS2SETIENSIPIRIYE (1WA S WIS - 2/41=31F 181N T 2 NG
8« 24158, 4 22040 222845 23152 20/ 3R 2REREES7RIENATE (NOFR0S " 2082 = 22,9 1PIEE 2 Wy
Soil-Worthing
3ty 2 LySm 'L3a8y L3Eoe 213, 165300 NERNEER 2IETCRI IISSKSEE - IE8EN8 = 22070 130 *. 19440
47 2046 ) lGa8y Vaa7m 2L.6 1529 RSS2 iRNGE SHSEIGR, 80 S™ 2291 % 1508 1980
S 29564 18E3. 2O 25¥56 | 20 0N 2IZNEFT ZISESERGIEEISIN= 2010 2[5 531 ¥ 19 D1 E . 2720 $2
6 22,9 169 NOEOIT 28L.:7 , 17037 RO "2SEGEEBIGISEE A0 2307 619" 2053
70 2418, 187 20%y8a 12'5. 24 18189 | 202810, §-2I5 OIS IR NN BN 0 12/§..3 ' 181.9  22.6
8. 26sly 2004s S AIMAE 25187, 20285 23TIOR S26F8E SOMEIS t0ggs 2,7 1 ¥ '2 lro® 2410

MB- moldboard plow CP- chisel plow RT- ridgetill NT- no-till
WAP= Week after planting
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19.6

Table 36. Average weekly soil temperature under different tillage
systems in Beadle and Worthing soils during 1987 growing
season. ’

WAP Soil temperature at 0.0l m depth (Y C)

MB CP RT
Max Min Mean Max. Min Mean Max Min. Mean Max
Soil-Readle
2% 23.6 MWEBIN6 IO 6' | 213.20 157 | SHORISES22PN0N BISTERL | W18i.i0s"122 . 3
3 19 4R IR BIES6) | 118107 | 1 2i55 SEIISTYCRER RO IERNRIRZRERZ 185 217 9 . 4
4 23.8 IS4 BPNOLN6) | 2206 | 16). 3 | 19ESL %21 2. Lm0l §'8 .ibx §21 .3
S 25.7" R6r28"200NEY 213177 156830 20RO IE2BIIEO M IS SR MRET S04, 14
6 2814 19NE S0 2'8. 2. 1:9.17  2GEION IS INORS IORNI SL 2l 25  277.. 3
7 27.3 8R38IN0 W2502°° 27 .3 12126 2:50) W66 i #2IF6" | 114 6M nd2'5 . 8
8 - 250" RZ0RESR $2i2d8s . #2161, 31 119558 = 2025 plNZas NI SR OO SEIBIRES R 2785,
9  22.8 gl 20830 22.5 | 17,546 220kpls S20INOIN SINZA8 Bh 1 IO 4 212 .10
10 24 .47 20046 "W225OF 2(4TH0] © 19,1 . S2E6F RS IURRINOR TS SRR 523 | )1
11 23..0° NSEASEN20LE60 1221810 18I, 31 | 208 7240 MR SESRINON. 128 2], 2
Soil-Worthing _
2. 21.00k SP6TRICN SN 6R $200.191 17,1 N9RRSEEN2RRES ENINSEA NGRS 149i 43
3 1.8..0." NE2ISGRERIISIN2s MIIBLT8 129" 1ISEIGESNIICH SINESINS ISR EoR2e)  IIL5E 09
4 22.1 156 8REBROISSE S0 391 17 . 4w (1977 SiiOks LR AVISINS SN6E 9w 2(0).x]
S 230 17-0L 20 #21830581 - 11810 » 21155 ORS8O BS E{ORE SIIOINOL me2 37 3
6% 1125 . 1 i 1'9 . 4INE22858 & 24685 | 1210z 7 ' 423k, 6.0 21616 BIIGIENIYY S2PNOL. 2267. O
7 25.177R1 .6 u 2NE™ 216776 213 4 T25/N0F =278 J0RISASING] W25\ ..l
8 23.5, DV9LISEEEAINN7 248 | 200.8 221560 P55 1IA0RSENE2E TN 25 1
9 22.8 Fi9.3 20N o 23159 [ 2(0,.0 §212'56F W2i2756) - BISEOI " 20 BR2)). . 5
10 23.9 20.3F320280] © $2580, «_20. 6 2208k WUGEE SAOFIE S22 5 12 24,46
10 22.4 19 .85 SS9 2010091 19,1 20l 5k 2850l SISGicdy | 2510828 2.0\, 7

MB- moldboard plow CP- chisel plow RT- ridge till NT- no-till

WAP-week after planting
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T albgliel | 87 - Moisture retention characteristics of

the Beadle and Worthing Soils.

Soil Horizon ov
MPa 0.033 0.100 0.3006 0.500 55 0)0)
Beadle Ap 0.451 0.409 )0 87 & 0.372 OI52 3.

Be 0.391 0.375 ©.29% 6.383 0.493
Blic ™ "H05357:8F 0 91518 L OrrZsRan 05 In7 788 HOR. S1N610
Bk 20385 Iv = 0%38i5ky Q] Yi4mar Q). pns ROBeli4r]

C. (0) 5 2255 S0 RS PA0C) B B(0) S IWEHIL (01 6 UL o (O HILOISE S

Worthing Ap 0.450 0.420 0.406 0.394 0,284
Bel OUHS4 0.4m4 0,362 Sosgee Mo seb
Bt2 0.457 0.434 0.376 0.363 0.270
Bt3 0.431 0.401 0.374 0.339 ”0;266
B4 LOEEE 0. 926 0.380.10W322 L. 252

Bt5 0.447 0.443 0.367 0.303 0.267




APPENDIX C.
SOIL CHEMICAL PROPERTIES AND TISSUE TEST RESULTS
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Table 38. Tillage and cropping sequence effects on
soil pH of the Beadle and Worthing soils.

Soil Tillage Soil pH Tillakgee=sS0oll
—————————————————————— mean Mean
GlE SC CS
1986
Beadle MBS 7.. 31 ale 7§ ki Sigalc. 7 -8l b &7 .2 3a
CRR SN EY. ac 7TSIKiC Ta 91/¢ 7. 8} &
REN' 46/ B 6-c O 0D | EubL W7 4a
NT, & 7as 2, i€d 1 6:08waibidh 16 Smibide 7", '0F (3

Horthing ik aibd & 7.8noidB7RbeG o0t & w@-b b
Cjp® ZVRN6 ‘a 75 oma 7 A 716} €
RV = 7.9 3 7 %6Ea RS e 7005 e
R A6 a Lorenlantll 2 7L 3V/Ea 756 uE
Mean 7.6 a Z0Ra 71164 18
1987
Beadle MBRE7.210) ie 6 .. 9 rble () 6Y.«8 a 6;..8 a
CP'» 1.3 de Zoeiara 7 e A 7es 5k B
RATESIAEYS d Bldad 6 420 61='3., "¢
N S1§ 56 '/d 6.4:d 6} 5 Qi i O HC
Mean GEt8 " a (WE=E 6. 47ma
Worthing Ry eV S 7= e /o Or % G5 b r §#%--6 : b
CIRRaEES 78 1a Tyl A ViR G Jec (S
RIS s M) -8 RO 7 J6igas: =75 b
N E7ANE. '3 7o i € 7ANEE S NS b

—————— - —————————— - ———————— - ——————————————————————

MB-moldboard plow CP-chisel plow RT-ridge till NT-no-till
CC- continuous corn SC- corn after soybeans CS- soybean
Within a year and soil means with the same letters are not
significantly different at .05 level.
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Table 39. Tillage and cropping sequence effects on soil
organic matter of Beadle and Worthing soils.

Soil Tillage %0M Tillage Soil
————————————————————————— mean Mean
(6,6 SC (C¢S
1986
Beadle MB 4.06 ac 3.77 % HI80 e 4.04 a 43314 1a
CPA_ 527 ab, 4. 37 Jble 4.17 be 4.27 a
R¥s 4y523vrabi 4 54 3) ibid 4, Y470 big 40318 a
NE™ 4L.36+7-"b 4. 57.08%b 4.63 bce 4. 16¥Wk a
Mean 4.31 a 41.980" 3 4343199
Worthing MB 4.30 a 4.40 a 4481.7_sa 4.29 a 4.24 a
CB™NG S22 13 4.20 a 3.93 a 4%, 598 ia
RIT  41.°20F%a 4.60 a (h 1 BT RS 4., 819" a
NI 4. J208Faby  3r4Sl10a1h (4, 7 4y.,186] 'a
Mean 4.24 a 4 255 "a 45, 23% 7a
1987 ,
Beadle MIB.  381.5'3! ‘aic 3 8§/ gRWi8la Bia 79 a 3.90 a
CIERN3L 2931 3.87 #a 330 ) S 3.68 a
REE « 4.81.6 b 3.705ab 4 N00ha'b 2.9 a
NT 4.00 abd 4.46 d AN2U%a d 824 a
Mean 3.73 a 3.98 a 3998 va
Worthing MB 4.43 a 495,01 #a 4.33 a 4.42 a 4.19 a
CP* @&.03 a 8 97,13 Gyl ma 42105 a
RéE- | 485408 'a (% Al ) 45853 =3 .al
NiB* SS9 3%kaib:- . 4 80 7FEab 818 00 o) 8..913 a

MB- moldboard plow CP- chisel plow

RT- ridge till NT- no-till

CC- continuous corn SC- corn after soyteans CS- soybeans
Within a year and soil means with the same letters are
not significantly different at .05 level.
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Table 40. Surface (0-.15 m) nitrate nitrogen levels 1in
different tillage treatments of the Beadle
and Worthing soils.

Soil Tillage NO3~ (kg ha~l) Tillage Soil
““““““““““““““ mean mean
) sc cs
1986

Beadle MBY 1Pl 443 ®a 9, 5°1F3 Wa 81517 Wa ©) s 7/ud y BE: L3 HIF8) @&

&8 1ytdgva o288l Js5.42%4 #1897 4

RT 170" PMe/97% 17.0™ 16.93 4

NT =I'F743 ® 1Y 98 "2 IS=FY 8 "18:77 3

23.03 ab 22.28 a

Worthing MB 23.,99. a 20.0 a 25.14 a
CE  318i429"7a 17878 @ _TISOERF an “ BIRgE4 T a
RT ~al98842k a 48L.6% b E2418 8] 3F _at WG OF b
N'T Fs7%87.0F a 187%, 78 (3 SBISE.F2I0F A\ - We7ES8GY .3
Mean 19.84 a 267 . 1010 a2 ORI a!
1987
Beadle MB Wa¥8E S249' ab¥ 2474492 ‘af BAeSEAR20. b #2708 316 I57=#49], .a

Worthing MIB & #]%2s, 15561 “aht §1°74,57 OF dal* = . [F8RT2H9

MB-moldboard plow CP-chisel plow RT-ridge till NT-no-till
CC- continuous corn SC- corn after soybeans CS- soybeans
Within a year and soil means with the same letter are not
significantly different at .05 level.
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Table 41. Subsoil (.15-.60 m) nitrate N levels under
different tillage treatments of the Beadle
and Worthing soils.

Soil  Tillage NO3~ N (kg ha~l) Tillage Soil
---------------------- mean mean
CccC SC CS
1986
Beadle MB 8.86 ac 5.71 ac 3%994 ¢ 9.7 a 6465
CP 6.29 a 8.00 a &1 00N a 1955612 fa
RT 7.42 a 12.00 b 5% 71" ae 16798 %
NT 4.58 a 6.86 a 47, 5'8H arel . W4, 29N e
Mean 6.27 a 7.28 b SIGIi™ a
Worthing **
1987
Beadle MB 9.72 ab 13.71 a 9.13 b 1 OF:85ia 891816
CP 12.00 a 6.86 b 7.42 Db 8§.76 a
RT 7.42 b 6.86 b 6.29 b 6.86 a
NT Sme7l b 7.42 b 6.86 b 7.04 a
Mean §.71 a 8.00 a 7 Bv/-1%p'a
Worthing MB 6.86 8.00 a 7.42 7.42 8 28

a a a
CP 4.58 a 6.86 a 8.00 a a
RT 13.14 b 9.72 ab 13.71 b 12.18 b
NT 6.29 a 7.42 a 7.42.a a

Mean 7.71 a 8.00 a 9.13 a

MB-moldboard plow CP-chisel plow RT-ridge ,till NT-no-till
CC- continuous corn SC- corn after soybeans CS- soybeans
Within a year and soil means with the same letters are not
significantly different at .05 level.

*%* Worthing soil was extreemly wet in fall of 1986 and
no subsoil samples were taken. '
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Table 42. Tillage and cropping sequence effects on
soil available phosphorus in the Beadle and
Worthing soils.

Soil Tillage P (kg ha~1l) Tillage Soil
------------------------ mean mean
cc sC cs
1986
Beadle MB 17.14 a ¥9'. 42 a 15.99 a ] 7885} a 17.46 a
CP 13,20 a ‘15,99 a EMB M1 aANL4E28 a
BT 22.84'%a 15.99 a '“85 409 44 8.29 a
NT 18.29 a Vi Lrg) Lo i ) 20.00 a 9% S8R =g

Worthing MIB  509k.98k a 326,910 40.75 a 56.13 b

Beadle MB 2317 3 28] 29 @

Worthing MB 65.12 54 M7\l i6(0M 36 a _ 70035 b

MB- moldboard plow CP- chisel plow

RT- ridge till NT- no-till

CC- conyinuous corn SC- corn after soybeans CS- soybeans
Within a year and soil means with the same letters are not’
significantly different at .G5 level.
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Table 43. Tillage and cropping sequence effects on
available potassium in the Beadle and
Worthing soils.

Soil Tillage K (kg ha~l) Tillage Soil
--------------------- mean mean
cc $€ cs
1986
Beadle MB 483 a 408 a 400 a 430 a 476 a

CP Si3lema 4813 galb'm 42 3} _a 469 ab
RTE 45 liwa 468 ab 460 a 460 ab
NT 513 §wab 536 gb 566 at 5145, b

Mean 501 a 466 a 462 a
Worthing MB 768 a 801 a 785 avy %15=wb
CP N6 Ea 751 ma
RT 620 b 663 a 848
NT 666 ab 765 a

Mean 704 ab 1702 668 b

1987
Beadle MB 428 a S Al SN OERRh e 48187 bt 24 5,3, s a
CP 389 pa 406 ab - 466 ab 4240 ga kv
RT 488 a 409 a 397 a 43F]" ca
NT 488 ab 557 b 597 vb DIV =3
Mean 448 a 437 a 473 a
Worthing MB 714 a 703 a 731 a GRIRE LAl 65w 'b
Cp 648 a 72593 643 a 392 a
RT 564 ab 540 b 623 ab 81816 a
NT 588 a 748 a 740 a 374 a

MB- moldboard plow CP- chisel plow

RT- ridge till NT- no-till

CC- continuous corn SC- corn after soybeans CS- soybeans
Within a year and soil means with the same letter are not
significantly different at .05 level.
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Table 44. Available zinc levels under different tillage
treatments of the Beadle and Worthing soils.

Soll Tillage Zp (kg ha~l) Tillage Soil
————————————————————————— mean mean
cc S1¢ CS
1986
Beadle MB 4.78 a 1 1855 a 3.82 a 4w, O& L@ = 14318131 (@
CR: - 3159100 a 6.44 ab 3. 05w "a NS il P 6
RS ¥ 7 88831 a @iy, albl H6RESS a M GE 3181 a
NT® 3,60 a 8. M b 22167 7a 426% ra
Mean 5.03 a Oie 4l A 4R0I8" a
Worthing MB 3.08 a 25164 1a 2eAdial 2185 an 3150181 b
CiByg " 352213 25 9I6/va ke 2s3k=a B 280 81 | a
RTY * 324, a 3%, 318L7a B Ola At S Ee319" ¥a
NFEs T8, 8L al 2.90 a BE GI0L say” =okt 27 1a

MB-moldboard plow CP-chisel plow RTI-ridge till NT-no-till
CC- continuous corn SC- corn after soybeans CS- soybeans
Within a soil means with the same letter are not
significantly different at .05 level. ;
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Table 45. Electrical conductivity measurements in
different tillage treatments of the Beadle
and Worthing soils.

Soil Tillage EC (mmho cm-l) Tillage Soil
————————————————————————— mean mean
cC 5G €S
1986
Beadle MBr410: 63 La 0.63 a 070" a W0lw66 a '0.69 a
CPi 4@.70 a O 617 va Ok 778 a OF75) L@
R¥L_ 510 610 a 0.67 a 00 a0 (055664 a
Nl &40 7 0 & 0.80 a (0) SH7A 74 Ol 760 _a
Mean 0.65 a Oley/i2. a 0.72 a
Worthing MB 5.10 a 3k, IIOX b SE8I01 dbe_ 4010 b. 3,98 b
GiBL a4, 20 Lalb w24 18/0n b G VE8N e )5S Jlasto)
RT3 . 6131 6013k a SEr3SINb el 485581 b
NTpa Bi. 40 ib 3287 b 3% 3% b 35 1 b
Mean 4.08 b 3,98 b Se 184 b
1987
Beadle M B 0. 816 Ja 0;.50 a Ok 38 ~a OF40F av s 0,41 a
CP yunOi«47. a 0.53 a 0.67 a Q. 516} a
R TSl 547 'a 0.40 a OESI0k va 10FSI9% a
NG, Ja@r. 317 ‘a O=27 % a U278 sal 103101 13
Mean 0.41 a O 43 'a 0.39 a
Worthing MB 5.13 a 347 e k=818 el LI 4 M) AL, 20584
GiP- 44 : lO™ac 45’50 1ath 3g 27 #icy 3196, b
RIT: "4 7617 —a 4. 93 a Sk 1917 ¥ SY RIS Ih
NT 4.06 ab 2:9'3 bl Gte ST RNAICH SR RSy
Mean 4.49. a 3.96 b (OSBRI

Within a year and soil means with the .same letter are

not significantly different at .05 level.

MB-moldboard plow CP-chisel plow RT-ridge till NT-no-till
CC- continuous corn SC- corn after soyteans CS- soybeans



Table 46.

Plot No.

105

25

27

31

Worthing tillage plots

0-10
10-50
50-100
100-150
150-200
- 0-10
10-50
50-100
100-150
150-200
0-10
10-50
50-100
100-150
150-200
0-10
10-50
50-100
100-150
150-200
0-10

10-50.

50-100
100-150
150-200

0-10
10-50

50-100
100-150
150-200

0-10
10-50

50-100
100-150
150-200

— N

Depth (mm) EC (mmho/cm)

Electrical conductivity measurements of

Remarks

Wilted plant

Wilted plant

Normal

Normal

Normal

Normql

plant

plant

plant

plant

Wilted plant

197
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Table 47. Tissue test results of Beadle and Worthing tillage plots.

Tillage Percent N Percent P Percent K Zn (ppm)

MB 2.96 a 3.04 a 0.15a O0.16 a 1.70 a 1.80 a 21.30 a 21.30 a
CP 2.86 a 3.0l a 0.l14a 0.15a 1.50 b 1.60 b 20.67 a 20.33 a
RT 2.96 a 2.95 a 0.14 a 0.15a 1.60 ab 1.60 b 23.67 a 24.67 a
NT 3.04 a 2.89 a 0.15a 0.16 a 1.64 a 1.74 a 24.67 a 23.00 a
Worthing soil
MB 2.84 a 2.87 a 0.22 a 0.22 a 1.44 a 1.47 a 23.00 a 22.67 a
CP 2.14 b 2.19b 0.21 a 0.26 b 1.44 a 1.46 a 17.33 b 18.67 b
RT 2.14 bec 2.52 ¢ 0.24 a 0.24 b 1.40 a 1.46 a 20.67 bec 22.67 ac
NT 2.00 b 2.72 a 0.246 a 0.31 ¢ 1.32 a 1.42 a 18.33 ab 22.33 ab
1987
Beadle soil
MB 3.25 a 3.17 a 0.24 a 0.24 a 1.66 a 1.66 a 24.00 a 20.33 a
CP 3.01 a 3.06 a 0.20b 0.22 ¢ 1.48 b 1.50 b 20.67 a 24.67 a
RT 3.18 a 3.06 a 0.26 d 0.26 d 1.58 a 1.60 ab 33.33 b 24.00 a
NT - 3.13 a 3.23 a 0.26 d 0.25 ad 1.68 a 1.70 a 22.00 a. 23.33 a
Worthing soil
MB 3.22 a 3.22 a 0.22 b '0.23 ¢ 1.70ra 1.86 b 35.33 b 32.00 b
CP 2.76 a 2.66 bc 0.20 a 0.20 a 1.56 a 1.68 a 28.67 b 20.67 a
RT 3.01 a 2.43 b 0.246 c 0.25c 1.58 a 1.70 a 27.00 b 25.67 ab
NT 2.83 a 73.07 a 10.23 bc 0523 b 1572 sap N 1976F @by 3[0¥46/7 "ab’ 274 .38 ‘a
Table 47. (continued)
Tillage Ca (%) Mg (%) S (%) Fe (ppm) Mn (ppm) Cu (ppm)
GC sC ccC SsC cc SC ©E Sie CE@ Sic ClC SIC

MB .52a .52a .3la .32a .l6a .18a "20a 178b 78 7a" 70.3a 28.3a 26.7a

CP .58a .58a .36a .39a .20a .2la 120a 120a 76.3a 89.3c 23.3a 24.7a

RT .52a .55a .34a .36a .13b .17ab 117a 123a 65.3b 75.0a 23.0a 24.0a

NT .54a .56a .33a .35a .19a .18a 133a 137ab 66.0b 68.3ab 22.3ab 21.7b
Worthing soil

MB .48a .55a .33ac .26a .42a .30b 118a 1ll3ac 64.0a 60.0a 21.Ca 24.0a

CP .53a .56ab .26a .24a .33bc .37c 90a 150bc 48.7b 42.0b 18.3ab 18.7b

RT .5la .50a .43b .3la .43a .47a 86a 107a 57.3a 58.7a 16.3a 14.0b

NT .47a .62b. .36bc .30a .45a .48a 94a 108a .48.3b 66.7a 17.3ab 17.7b

MB- moldboard plow CP- chisel plcw RT- ridge till NT- notill

CC- continuous corn SC- corn after soybeans

Within a soil means followed by the same letter are .not significantly

different at .05 level.
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Table 48. Multivariate analysis of tillage effects cn
surface physical properties of the Beadle

and Worthing Soils.

F values from Individual ANOVA MANOVA Test Roy~ s

Maximum Root

Dependent Bd K-sat ev Temp. F(upperbound)
Variables
Source

T VLB F 2.5 B e 11.9

s 1.0 769" (8660 mil® 9§08k, 3

S*T 0.5 2. 8 25 3 o 0] 75
S*T*Y 1.0 s o1 0. 1" 9.9

T- tillage Bd- Bulk density

S- soil K-sat- saturated hydraulic conductivity
Y= year O@v- surface volumetric moisture

Temp.- surface soil temperature
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Table 49. Multivariate analysis of tillage effects on
surface chemical properties of Beadle and

Worthing solls.

F values from individual ANOVA MANOVA Test Roy~s

Maximum Root

Dependent pH 0.M. N P K F(upperbound)
Variable
Source
T 6.3 0.9 3.8% 2.5 1.0 6.4
s 29.1%*%**% 5 0 1.5 58.1%*¥** 4. grxxx 13 4
S*T 3. 1% 1,740.8 0ud 2,1 2.5
S*T*xY 0.1 0.2 1.9 1.1 02 116
N- nitrate nitrogen T- tillage
P- Bray“s available P S- §oil
K- available K Y- year

OM- organic matter
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Table 50. Multivariate analysis of tillage effects on corn
growth parameters and yield of the Beadle and

Worthing soils.

F Values from Individual ANOVA MANOVA Test Roy~s

Maximum Root

Dependent PEM LA DFS Yield F(upperbound)
Variables
Source

T 1.0 1.4 1.8 2.4 8.7

s 16.0" 'H01.0™" 208 . BRTENILGE T F8. 5

S*T 0l 84 1.9 17 QL8 2.6
S*T*Y Ok V/. 2.3 3.3 ¥sl 4.6
PEM- Percent emergence T- @4¥edhe
LA- Leaf afea S- solil

DFS- Days to 50% silking Y- Year




APPENDIX E
PLANT POPULATION DATA AND 1985 YIELD
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Table S51. Corn plant population under different
tillage treatments in the Beadle and
Worthing soils. ]

Seil Tillage -------- Plants ha~! (in 1000)--
1986 1987
ce SC cC 5.6
Beadle MB 60.9 a 60 .-28a 63.1 a 64.5 a
CP 62.3%a 55.9%a 63.1 a 60.2 a
RT 60.9a 59~ 68a 58.8 a 64.5 a
NT, 57 .8B%a 61.6 a 60.9 a 65.2 a
Worthing MB . 33.,8¢ ¢ 33 ..B¥e 58.0 ab 56.6 b
CP ' 20.8*c 7 9% 613).48I" a 5748 b
RT 40.d7%¢ 38 ..0Me SPlL . 6] b SI9L45 b
NiT | 3884 e 31 .58k 61.6 ab 58.8 b

BM- moldboard plow CP- chisel plow
RT- 'Tidigre T410 INT= ho=icidid
CC- continuous corn SC- corn after soybeans
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Table 52. Soybean plant population under different
tillage treatments in Beadle and Worthing

soil.

Sgiil Tillage Plants/ha (in 1000)

1986 1,9:817

Beadle MB 204.9 256.7
CP 187.1 278.8
RT /013855 282.3
NT 212.8 25855 1

Worthing MB 177 .4 174.1
CP 1i5RmE3 236.4
RT 174.8 p) Si) & &
NT 267 20 224.3

BM- moldboard plow CP- chisel plow

RIT- rii'digle sciit]s] UINVT-2Sntor=ic 181Nt

Within a year means are not significantly different
at § 505" lilke viell .
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Table 53. Corn and soybean yields for the Beadle and
Worthing tillage plots in 1985 with the same
conventional tillage in all the plots.

Soil Tillage Corn Yield Scybean Yield
-------- (Mg ha™ ' )===--ececeeue-
cc Sic
Beadle MB 9.009 ac 8.274 c 2.7 78 a
CP 8.068 bd 7.822 be 2.735 a
RT 7.604 b 8.108 be 2.864 a
NT 8.3162 cd s 8404 e 2.983 a
Worthing MB 7.066 a 6.730 a 2.273 a
CP 7.176 a 6.804 a 2.096 a
RT 7.181 a 8.297 b 2,0'318) a
NT 7.577 ab. 8 .297b 2). 513/6! a

CC- continuous corn plots SC- rotation plots

MB- moldboard plow CP- Chisel Plow in 1986, 1987

RT- Ridge Till in 1986, 1987 NT- no-till in 1986, 19&87.
Means with the same letter are not significantly
different at .05 level.




APPENDIX F
PRODUCTION COST AND GROSS INCOME
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Table 54. Production Cost of corn and soybeans
under different tillage practices.

Iddidde  &F R RESSS- - 31083 Closinitg ($)————————-
MB CP RYB NT
Corn
Fertilizer 7Ly ) Lomad/-5) 7 TS TA6W TS
Seed 50658 50459 50 459 510/, 519
Herbicide 19528 19,28 294370 391534
Insecticide 212'82'4 28 .91 8/1 423 38156
Fuel and oil 24.66 17, 25 "3 il 5 9.02
Machine repalir 8614460 21.40 1"9 W13 1h6%83
Interest on capital 51.17 43.34 39.49 315..16'3
Machine deprec., 49739 39.86 34.72 298518
Taxes and Ins.
Labor charge 1482 1 10 .30 7599 5.68
Total SIGYEY 2R3t S5 eES10) 7613 M WSO Dl 315w 20916, 5918
Soybeans
Fertilifer - = & -
Seed 23%a@0 2800Q 2300 21800
Herbicide AR 41.85 512.. 818 63.90
Insecticide 3 13834 2\0m:2°1 28%45 2I6W6:9
Fuel and oil 22.41 14.83 1N 9R 9.02
Machine repair 812.:2 5 OIS 16.48 14.01
Interest on capital 43.42 34.64 324155, 29 .65
Machine deprec., 42.92 33.16 8I0/% 316 257/ 59316,
taxes, 1ins. i
Labor charge LS50 2 9.04 5T 1316 5.68
1o tal 218.014 195.66 197..59 19930

Average cost/year 281.43 2.51546:7 249.98 248.14
for corn-soybean :
rotation plots
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Table 55. Gross income from the Beadle and Wcrthing soils.

Tillage Gross income ($/ha)
1986 1F9I87 Average
Cl@ 56 CS CcC SC CS CC C-SB

Beadle soil
MB 432:20 449.32851%,.7 2 592. 76 S¥VLr-95 479.53 51.2.48 505 38
CP 405.16 457.64 448.73 496.68 543.84 451.42 450.92 475.41
RT 402.17 435.00 458.78 524.98 598.50 488.49 463.58 495.92
NT 415 ./0,0] 31818022 4N a07 4Sl0% 8I9 1151688815131 416,20k 213 “415\20.710 47020591
Worthing soil
MB 1459270 iSIGES7Z5SRIISI9 4517 38I68 57" Far3tas. 1012 15621 .16 20410, 92 228.. 13
CP 76.40 61.40  44.24 382,34 479.42 148.11 229.37 183.29
RT 11 31.79/8MMIESISERS N 10 0:8, SHOMETNO! WBI6ORIL 1 2511 .20 " 257 .54 214.24
NT 8'81. 514 PINA7SN6ISNR2E1 83 <9517 ([4lli8i 152 4181072 14618 419, 2510 . 831 2:4i0r 1 2
MB-moldboard plow CP-chisel plow RT-ridge till NT-no-till
CC- continuous corn SC- corn after soybeans CS-soybeans
C-SB- corn- soybean rotation
Selling price of corn was $ 1.10/bushel in 1986 and
$ 1.40 /bushel in 1987.
Selling price of soybeans was $ 4.37/bushel in 1986 and
$ 4.50/bushel in 1987




APPENDIX G
PRECIPITATION EVENTS (1986 AND 1987)
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Figure 24. Precipitation events over 1 cm at the research
farm, 1986.
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