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ABSTRACT
Alternate methods of residue management for reduced tillage un-

der irrigation and in double cropping systems are constantly being
sought. One method that is becoming increasingly popular is residue
burning. Knowing how to best manage crop residues to maintain
desirable soil physical properties for decreasing erosion and increas-
ing crop yields in these cropping systems is a problem. This study
was conducted to determining the influence of several methods of
residue management for winter wheat (Triticum aestivum L.) and
grain sorghum [Sorghum bicolor (L.) Moench] on physical proper-
ties of Richfield silty clay loam (fine, montmorillonitic, mesic Aridic
Argiustolls). Residue management treatments were: residue removed
by burning, residue removed by baling and hauling, incorporation
of the residue produced during the immediate past cropping season,
and incorporation of twice the amount of residue produced by the
crop. Most of the soil physical properties measured were not influ-
enced by either grain sorghum or wheat residue management treat-
ments; however, they differed between crops. The soil aggregates
from the sorghum plots were smaller, more fragile, less dense, less
stable dry, and more stable wet than the aggregates from the wheat
plots. The pore size distribution of the soil from the Ap horizon of
the sorghum plots was more conducive to water infiltration. The
saturated hydraulic conductivity was several times greater in the soil
cores obtained from the sorghum plots than those obtained fro the
wheat plots.

Additional Index Words: Richfield, Argiustoll, wheat, grain
sorghum, wind erosion, soil aggregates, bulk density, organic matter,
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IINTENSIVE CROPPING of native grassland soils gen-
erally decreases organic matter content and causes

an associated degradation of soil physical properties
(Dormaar, 1979; Hobbs and Brown, 1957; Olmstead,
1946; Skidmore et al, 1975). The physical deteriora-
tion often associated with a decline in organic matter
content is manifested by a decline in wet aggregate
stability, an increase in bulk and clod densities, an
increase in modulus of rupture, and a decline in large
pore space. Harris et al. (1966) summarized their re-
view of Dynamics of Soil Aggregation by stating that
a soil's aggregate status usually deteriorates rapidly if
the soil is repeatedly cropped with annuals that supply
little organic matter to the soil, require extensive cul-
tivation, and provide minimal vegetative cover. How-
ever, not all continuous row-cropping systems have
deteriorated soil structure (Gary and Hayden, 1974).

Appropriate management of crop residues retards
degradation of soil physical properties and sometimes
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improves the soil. Shipley and Regier (1977) found
that after 12 yr (on irrigated plots) organic matter in-
creased and the soil was less compact where wheat
(Triticum aestivium L.) straw was incorporated than
where straw was baled or burned. Organic matter in-
crease from incorporating crop residue was also re-
ported by Hooker et al. (1982). Black (1973) observed
a progressive decrease in erodible soil fractions as res-
idue levels increased. In a study comparing the effects
of burning vs. incorporating wheat straw at two lo-
cations in Saskatchewan, Biederbeck et al. (1980) found
that the hydraulic conductivity of the top 15 cm of
the soil from burned plots at Melfort was significantly
lower (P <0.10) than that of the soil from chopped-
straw plots (6.9 compared to 2.8 MHI/S), but there was
not difference between the two treatments at Indian
Head where the average conductivity was 3.2 jum/s.
On the other hand, bulk densities were no different
between the two treatments at Melfort (avg 1.06 Mg/
m3) but were significantly greater (P <0.05) in the
burned plots at Indian Head (1.17 compared to 1.05
Mg/m3).

After 36 yr of cropping to winter wheat, Unger (1982)
found modulus of rupture inversely related to organic
matter concentration, but no tillage method or crop-
ping system had an overriding influence on soil phys-
ical properties. Delayed stubble-mulch tillage in-
creased wet aggregate stability n a wheat-fallow system
of another study (Unger, 1969).

The purpose of this study was to determine selected
physical properties of Richfield silty clay loam (fine,
montmorillonitic, mesic Aridic Agriustolls) as influ-
enced by management of residues from winter wheat
(Triticum aestivum L.) and grain sorghum [Sorghum
bicolor (L.) Moench] crops.

MATERIALS AND METHODS
Experiments were established in 1969 at the Garden City

Experiment Station in southwest Kansas on a relatively uni-
form Richfield silty clay loam (Hooker et al. 1982). Mean
annual precipitation and temperature at Garden City are
477 mm and 12.4°C, respectively. Garden City Experiment
Station is located in the southern portion of Central High
Tableland within major land resource area (MLRA 72), where
winter wheat (1700 kha), corn (Zea mays L.) (460 kha), and
grain sorghum (205 kha) are major crops (Skidmore et al.,
1979). Residue treatments on hard red winter wheat and
grain sorghum plots were: (i) incorporation of the residue
produced during the immediate past cropping season, (ii)
incorporation of twice the amount of residue produced by
the crop, (iii) residue removed by baling and hauling, and
(iv) residue removed by burning. Residues were incorpo-
rated by tillage, which generally consisted of disking im-
mediately after treatment application, plowing, then disking
again, and harrowing. The four residue management treat-
ments (incorporated, 2 X-incorporated, removed, and burned
residue) were assigned randomly and completely within each
of four blocks planted to sorghum. This was repeated with
four adjacent blocks planted to wheat. Residue treatments
were applied annually, within 30 d (one month) after har-
vest, to plots 12.2 by 12.2 m. Winter wheat was planted in
late September each year and grain sorghum was planted in
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early June. Both crops were irrigated two to four times dur-
ing the growing season with a gravity flood/furrow system.

Soil samples were collected in the spring of 1983 for de-
termination of physical properties. Wheat was emerging from
winter dormancy, about 10-cm tall, and the sorghum plots
were bare. Five 5-kg samples of soil were taken from the top
5 cm of the Ap horizon with a flat shovel from each treat-
ment plot. These samples were used for determination of
aggregate size distribution, dry and wet aggregate stabilities,
and aggregate density.

A double cylinder, hammer-driven soil core sampler was
used to obtain five soil-core samples (86 by 60 mm) from
the Ap horizon of each treatment plot. The soil cores were
trimmed flush with both ends of the retaining cylinder, thus
removing any surface crust. These samples were used for
low tension water release characteristics and saturated hy-
draulic conductivity determinations. Bulk and clot density
values were determined by the methods of Blake (1965),
except that kerosene was used as the known density liquid
in the clod density measurements.

Dry aggregate stabilities were determined by repeated
sieving using the method of Chepil (1962) and the improved
rotary sieve (Lyles et al., 1970). The data from the first siev-
ing were used to determine geometric mean diameter and
log standard deviation for aggregate size distributions (Gard-
ner, 1956; Kemper and Chepil, 1965) and wind erodibility
index (Woodruff and Siddoway, 1965). Energy-based dry ag-
gregate stabilities and rupture stress were determined by
methods described by Skidmore and Powers (1982), with
the apparatus of Boyd et al. (1983). Wet aggregate stabilities
were determined by the method of Kemper (1965), except
we used a 152-mm-diam sieve and a 30-g soil sample. Our
mechanical sieving machine lowered and raised the sieve
holder through a distance of 27 mm 25 times each min.

Soil water release curves were determined using hanging
water column (Vomocil, 1965) and pressure cell (Klute,
1965b) techniques. Saturated hydraulic conductivities were
measured using the falling-head method of Klute (1965a).

The data were analyzed using analysis of variance to test
for crop, residue management, and crop management inter-
action effects. When F-tests (0.01 level) showed significant
difference, least significant differences (LSD) were calculated

at the 0.01 level for crop effects and 0.05 level for residue
management effects.

RESULTS AND DISCUSSION
Most of the soil physical properties measured in this

study were not influenced by either wheat or grain
sorghum residue management treatments (Tables 1
and 2). Residue incorporation, removal, burning, or
incorporation of added residues seemed to have very
little influence on aggregate size distribution, dry ag-
gregate stability, wet aggregate stability, bulk density,
or aggregate density.

The dry aggregate size distribution as expressed by
geometric mean diameter (GMD) did not differ sig-
nificantly among treatments within a crop. However,
the average GMD for the wheat residue treatments
(2.86 mm) was more than twice as large as the average
GMD for sorghum residue treatments (Table 3). It
follows that a much larger fraction of the aggregates
fro the wheat plots were in the nonwind-erodible size
range (>0.84 mm) than the aggregates from the
sorghum plots (70.1 compared with 47.1%).

In a wheat-fallow rotation, Siddoway (1963) found
that the proportion of nonwind-erodible aggregates was
greater when the straw residue was returned to the soil
than when it was burned or partially removed. The
increase in aggregation attributed to the residue was
higher when the residue was left on the surface than
when it was plowed under. In this study, residues were
incorporated into the soil soon after harvest.

Adding additional residue increased the soil organic
matter content relative to the residue-removed plots
in both grain sorghum and wheat during the 13-y du-
ration of this experiment. The organic matter concen-
tration of the soil from wheat plots avg 19.6 and 17.9
g/kg in the 2 X-incorporated plots and for the residue-

Table 1. Physical properties of Richfield silty clay loam as influenced by wheat residue management.
Soil property

Residue
management
treatment

Incorporated
2X-incorporated
Removed
Burned
LSD (0.05)

Aggre-
gates

> 0.84 mm

%
69.5
71.3
69.5
70.0
NS

Wind
erodibility

index

Mg/(ha/yr)
27
25
27
27
NS

Dry aggregate
stability

J/m1

22.8
17.1
17.1
15.0
4.4

Wet
aggregate
stability

Bulk
density

Aggregate
density

———— % ———— ——— Mg/m' ———
89.7
89.2
88.9
87.8
NS

36.1
45.6
37.7
39.1
NS

1.19
1.25
1.29
1.18
NS

1.65
1.65
1.64
1.62
NS

Rupture
stress

kPa
383
299
298
266

71

Aggregate
size

distri-
bution

GMD, mm
2.82
2.86
2.82
2.93
NS

Organic
matter
content

g/kg
18.9
19.6
17.5
18.2
1.3

Saturated
hydraulic
conduc-
tivity
laala
6.9
6.6
6.8
6.3
NS

Table 2. Physical properties of Richfield silty clay loam as influenced by grain sorghum residue management.
Soil property

Residue
management
treatment

Incorporated
2X-incorporated
Removed
Burned
LSD (0.05)

Aggre-
gates

> 0.84 mm

%
47.3
48.0
46.3
47.9
NS

Wind
erodibility

index
Mg/(ha/yr)

101
101
105
96

NS

Dry aggregate
stability

J/m' ————
10.2 83.1
10.6 85.1
12.8 82.7
12.6 83.7
NS NS

Wet
aggregate
stability

% ————
55.4
53.9
49.1
51.6
NS

Bulk
density
Mg/m'

1.02
1.06
1.05
1.07
NS

Rupture
stress
kPa
195
201
238
230
NS

Aggregate
size

distri-
bution

GMD, mm
1.14
1.18
1.12
1.26
NS

Organic
matter
content

g/kg
20.7
22.4
19.4
20.4
1.2

Saturated
hydraulic
conduc-
tivity
/im/s
64
55
42
36
25
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Table 3. Physical properties as influenced by growing grain sorghum or wheat on Richfield silty clay loam.
Soil property

Crop

Wheat
Sorghum
LSD (0.01)

Aggre-
gates

>0.84mm

%
70.1
47.1
2.6

Wind
credibility

index
Mg/fha/yr)

27
101
17

Dry aggregate
stability

Jim' —————
18.0 88.9
11.6 83.7
3.5 1.6

Wet
aggregate
stability

% ————
39.6
52.5
7.1

Bulkf
density
Mg/m"

1.23
1.05
0.07

Rupture
stress
kPa
312
216
52

Aggregate
size

distri-
bution

GRID, mm
2.86
1.18
0.23

Organic
matter
content

g/kg
18.6
20.7
0.9

Saturated
hydraulic
conduc-
tivity
lanla

6.7
49.4
14.4

t At water content of field sampling, 0.24 and 0.28 m'/m' for samples obtained from wheat and sorghum plots, respectively.

removed and burned plots, respectively. Similarly for
the grain sorghum plots the organic matter concentra-
tion was 22.4 and 19.9 g/kg for 2 X-incorporated and
residue-removed and burned plots, respectively. Also
the organic matter concentration of the soil from the
sorghum plots (20.7 g/kg) was significantly higher than
the organic matter concentration (18.6 g/kg) or the soil
from the wheat plots. With average grain yields of
7815 and 4153 kg/ha, for sorghum and what respec-
tively (Hooker et al., 1982), the amount of residue
produced by the grain sorghum crop was greater than
the amount produced by wheat crop. Amounts of res-
idue remaining after grain harvest of sorghum and
winter wheat are approximately 1.0 and 1.7 times the
amount of grain harvested, respectively (Larson et al.,
1978). A higher organic matter concentration of soils
when crop residues are incorporated compared with
soils where residue is removed by burning or hauling
away has been observed frequently (Dormaar et al.,
1979; Rasmussen et al., 1980; Shipley and Regier, 1977;
Unger et al., 1973).

Because of the strong influence of organic matter on
soil physical conditions, one expects detectable differ-
ences of soil physical properties with differences of
organic matter content. However, the small differ-
ences in organic matter content developed in the brief
period of this study did not cause major difference in
the physical properties among treatments within a
crop. Also the concentration of organic matter being
near 20 g/kg is approaching the range where Kemper
and Koch (1966) found aggregate status less sensitive
to organic matter concentration.

Although residue management treatments within a
crop generally did not influence soil physical proper-
ties, soil physical properties differed in all categories
between crops (Table 3). The soil aggregates from the
sorghum plots that had higher organic matter content
were smaller, more fragile, less dense, less stable (dry),
and more stable (wet) than the aggregates from the
wheat plots. Armbrust et al. (1982) also found that
aggregates from winter wheat plots were less erodible,
and more stable (dry) than were aggregates from
sorghum plots.

The difference in soil organic matter concentration
between wheat and sorghum plots does not adequately
account for the differences in soil physical properties.
The difference in soil organic matter concentration be-
tween wheat and sorghum plots was about the same
as the difference in soil organic matter concentration
between 2X and residue removed plots. Obviously,
other mechanisms are operative: differences in activ-
ity of soil microorganisms, water and temperature re-

gimes, and residue decomposition rates and products
as influenced by modified cropping are all important.

The longer time interval between incorporating res-
idues and soil sampling may account for some of the
differences of soil physical properties between sorghum
and wheat plots. Several researchers (Chepil, 1955;
McCalla, 1945; Miller and Kemper, 1962; Siddoway,
1963) have observed that the influence of incorporat-
ing crop residues is of short duration and is not as
effective as leaving the residue on the surface where
it decomposes less rapidly and continues to replenish
the cementing products for a much longer period. Ad-
ditionally, a good stand of wheat in the fall provided
over-winter protection of the surface soil against rain-
drop impact and freeze drying. Both of these actions
reduce GMD of soil aggregates and increased wind
erodibility index of the soil on the more unprotected
sorghum plots (Table 3). Freeze drying can be espe-
cially destructive of soil aggregates (Skidmore, 1975).

The saturated hydraulic conductivity was seven
times greater in the soil cores taken from the sorghum
plots than in cores from the wheat plots. The com-
parison of water release characteristics shows a dis-
tinct difference in soil structure between the sorghum
and wheat plots favorable to water infiltration in the
soil of the sorghum plots (Fig. 1). No significant dif-
ferences in the water release characteristics were found
among residue management treatments within a crop.

SOIL WATER CONTENT, m3/m3
0.1 0.2 0.3 QA 0.5 0.6

- -100

Fig. 1. Soil water characteristic. Length of horizontal line gives 95%
confidence interval for 16 observations.
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Table 4. Fractional soil volume of pores with equivalent
diameters in the indicated ranges and corresponding

soil water metric potentials.

Equivalent pore diameterf, >im

<0.2 0.2 to 30 30 to 300 >300
Soil water ma trie potential, J/kg

Crop -1500 -1500 to-10 -10to-l >1

Wheat
Sorghum

0.13
0.13

0.31
0.21

0.11
0.12

0.04
0.17

tThe equivalent pore diameter (EPD) in micrometers of largest water-
filled pore was calculated from EPD' = — 4y cos 0/^@w where i/- is metric
potential of soil water (J/kg), y is surface tension of water against air
(N/m), ew is density of water (kg/in"), and 8 is contact angle and assumed
to be zero.

Average total porosities for the soils in the sorghum
and wheat plots were 0.63 and 0.59 m3/m3, respec-
tively, at —10-J/kg water potential. Volumetric water
content at —1500-J/kg matric potential was 0.13 m3/
m3 in both cases.

A large portion of the pores of the soil from the
sorghum plots empty at high water potential and low
soil-water suction, whereas a large portion of the pores
in the soil from the wheat plots empty in the field
capacity range of water potential between —10 and
-30 J/kg.
. At water potentials of —10 J/kg, corresponding
equivalent pore diameter (EPD) was 30 /irii, and air-
filled pore space was 0.29 and 0.15 m3/m3 for the soil
from the sorghum and wheat plots, respectively (Fig.
1, Table 4). Pores that are empty of water at those
high potentials are usually referred to as macro or
transmission pores (Greenland, 1977;Luxmoore, 1981;
Brewer, 1964). The change in water content between
— 10 and —30 J/kg was larger in the soil from the
wheat plots than that from the sorghum plots (0.16
compared with 0.07 m3/m3). A soil with the pore size
distribution like the soil in the sorghum plots would
be expected to readily admit water, have adequate O2
diffusion, and allow rapid root development. Russell
(1978) maintains that a good seedbed is characterized
by a system of continuous pores wider than 200 /*m
stretching from the surface to the depth of rooting.
Greenland (1979) suggested that at least 10% of the
soil volume needs to consist of pores >50 pm to allow
water to drain freely through the soil. Also, at least
10% needs to be in the 0.5-to SO-^m range, as it is
these pores that store the water used by the plant. Soil
porosity distributions from both wheat and sorghum
plots meet these minimum criteria suggested by
Greenland.

Results of this study surprised us. A greater influ-
ence of the residue management treatments on soil
physical properties and less influence by the crop was
expected. Incorporation of the residue soon after grain
harvest tended to minimize the differences among
treatments within a crop. A larger difference among
residue management treatments would have been
found under a reduced tillage system that left residues
on the surface. Residues need to be left on the surface
anyway to protect the soil against wind and water ero-
sion. The high credibility index and absence of cover
of the soil from the sorghum plots made them sus-
ceptible to wind erosion.

Higher infiltration and more stable aggregates (wet)
of the soil from the sorghum plots are generally as-
sociated with a more desirable tilth. The extent to
which this effect would have on crop yields is uncer-
tain. However, it is known that crop rotation often
increases crop yields. To better understand the influ-
ence of crop and residue management on soil prop-
erties, samples must be collected temporally as well
as spatially with present treatments and then rotate
crops; growing sorghum where wheat is now, grow
wheat where sorghum is grown, keep residue manage-
ment treatments matched. We also need to know more
about the decomposition rates of crop roots and res-
idues as influenced by C/N ratios, Specific surface area
exposed to soil water potential, temperature, micro-
organisms, etc., and how organic matter decomposi-
tion products influence soil properties.
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