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ABSTRACT

The need to document further the changes in soil properties
from various cropping systems and the uniqueness of a long-
time cultivated field adjacent to buffalograss (Buchloe dacty-
loides) pasture prompted us to evaluate soil-property changes
of a Keith silt [oam (fine-silty, mixed, mesic, Aridic Argiustolls),
characteristic of that pasture and field. In the fall of 1973, we
broke the sod of the buffalograss pasture for analysis. Soil sam-
ples were obtained from the pasture (newly broken sod) and
the adjacent cultivated field. The wet aggregates from the
pasture were stabler as compared with the cultivated field for
both flash and vacuum wetting. However, the dry aggregates
from the cultivated field were slightly stabler than those from
the pasture. The average clod densities were 1.7 and 1.3 g
cm—3 from the tilled and pasture soils, respectively. The pas-
ture soil was also much more permeable. The constant infiltra-
tion rate (after 6 hours of infiltration) averaged 0.95 and 0.13
cm hr—1 for pasture and cultivated soils, respectively. Because
of the general deterioration of many of the physical properties
of its soil, the cultivated field will require special management
consideration.

Additional Index Words: tillage, soil structure, infiltration,
organic matter,

OIL’S PHYSICAL PROPERTIES generally deteriorate if a soil
S is intensively cultivated. Page and Willard (1946) found
cultivation resulted in a loss of pore space and a corre-
sponding increase in weight per unit-volume of soil. Other
workers (van Bavel and Schaller, 1950; Wilson and Brown-
ing, 1945) observed decreased aggregation of soil under
continuous corn. Olmstead (1946), who compared aggre-
gation of soil from virgin buffalograss pasture with that of
plots broken from virgin buffalograss (Buchloe dacty-
loides) prairie about 1902, found that in the surface-tilled
zone the tilled plots had lost approximately 80% of their
initial aggregation—a decrease sufficient to account for de-
creased crop yields. Harris et al. (1966) summarized their
review of “Dynamics of Soil Aggregation” by reporting that
a soil’'s aggregate status usually deteriorates rapidly if the
soil is repeatedly cropped with annuals that supply Iittle
organic matter to the soil, require extensive cuitivation, and
provide minimal vegetative cover.

However, not all continuous row-cropping systems have
deteriorated soil structure (Cary and Hayden, 1973.) Mid-
dleton (1952) reported tilling the soil at its most favorable
moisture content usually will improve (or change very lit-
tle) its structure because the aggregates formed from the
joining of individual particles then will tend to counter-
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balance those disrupted by implement action. Harris et al.
{1966) concluded grasses and perennial crops with exten-
sive root systems, a continuous supply of readily decom-
posable organic matter, and effective protective coverage
improve soil aggregation.

The change in soil properties from various cropping sys-
tems needs to be further documented. In this study, we
evaluated the changes in chemical and physical properties
of a Keith silt loam (fine-silty, mixed, mesic, Aridic Argius-
tolls) that may be attributable to cropping. The study was
possible because a field cultivated for many years is ad-
jacent to the buffalograss pasture being brought under
cultivation.

METHODS AND PROCEDURE

The newly broken sod, cultivated for a few years about the
turn of the century (from 1913 or 1914 until 1973), was in
native pasture continuously. The main plant species (and ap-
proximate percentages) in the pasture included: 55% buffalo-
grass, 20% western wheatgrass (dgropyron smithii), 17% red
three-awn (Aristida longiseta), 5% tall dropseed (Sporobolus),
1% little barley (Hordeum pusillum Nutt)), and 2% miscel-
laneous weeds—prairieconeflower (Ratibida Raf.), gumweed
(Grindelia 'Willd.), fetid marigold (Dyssodia papposa (Vent.)
Hitche.), and fireweed (Epilobium angustifolium 1.},

In the fall of 1973, the sod was chiseled 83 cm on center,
approXimately 20 cm deep. After chiseling, the soil was pre-
pared for plowing by disking twice—to level the area and break
up sod clumps—and then plowed 15 cm deep and left for the
winter. In early spring of 1974, a roller packer was used twice
to level and prepare a seedbed for spring barley, planted in
late February.

The cultivated field has been cropped for more than 60 years.
Early cropping sequence included forage sorghum (Sorghum
bicolor (L.) Moench.), wheat (Triticum aestivumm L.), and
wheat fallow. Starting in 1959 the sequence has been:

1967 —summer-fallow
1968—fallowed Lancer wheat
1969—summer-failow
1970—fallowed Shawnee wheat
1971—irrigated sugar beet
1972—nonirrigated spring barley
1973 —irrigated corn

1959—summer-fallow
1960—fallowed wheat

1961 —summer-faliow
1962—~fallowed wheat

1963 —summer-fallow
1964—~fallowed grain sorghum
1965-~summer-fallow
1966—~fallowed Scout wheat

Soils from the ficld with a long-time cropping history and
from the field previously in grass pasture will be referred to as
“tilled” and *‘sod.”

We obtained a composite (at least 10 subsamples) soil sam-
ple from both sod and tilled fields at 0- to 15-, 15- to 30-, and
30- to 60-cm depths. The samples were analyzed for chemical
properties at the Kansas State Univ. Soil Testing Laboratory.

After about 10 kg of soil obtained from the plow layer of the
cultivated and grassed sites were allowed to air-dry, we deter-
mined their dry-aggregate stability and size distribution by dry
sieving according to Chepil’s method (1951, 1952, 1958), using
a sieve described by Lyles et al. (1970).

To determine wet-aggregate stability (of soil wetted both by
vacuim and by direct immersion) of the 2.0- and 0.84-mm
size fraction obtained from the dry sieving, we used the method
described by Kemper (1965), except we used a 15.2-cm-diame-
ter sieve and a 30-g soil sample. Our mechanical sieving ma-
chine lowered and raised the sieve holder through a distance
of 2.7 em 25 X each minute.
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Table 1—Chemical properties of the sod and tilled Keith soils, fall 1973

Electrical
conductivity
Organic Exchange Exchangeable saturated
Depth N P K Zn Fe Cu Mn matter pH capacity sodium extract
cm ppm % megq/ 100 g % mmbhos/cm
Sed
0-15 1,210 14 613 0.72 1.4 0.5 20.6 - 3.0 7.5 13.7 2,22 0. 42
15-30 770 6 750 0.35 1.2 0.6 1.0 LS 7.9 13.6 2.21 0.30
30-60 800 13 838 0,31 6.4 0.6 8.2 L7 7.8 14.9 L71 0. 50
2 Tilled
0-15 810 28 688 0. 40 16.3 0.6 15, 8 1157/ 7.3 12.7 1.61 0. 55
15-30 780 19 688 0. 67 18.9 0.8 15,3 155 Tl 13.9 . 46 0.57
30-60 670 16 838 0.45 753 0.7 Dl 152 8.1 14.2 1.55 0. 50

Modulus of rupture on the < 0.84-mm aggregates obtained
from the dry sieving was determined by the method described
by Reeve (1965). - )

Six samples from the plow layer and from below the plow
layer (both field sites) were measured for hydraulic conductiv-
ity. The samples were obtained by pressing aluminum cylinders
(15.2- by 7.0-cm) into the soil until soil filled all but the top 2
cm of the clyinder. Then the cylinder was removed from the
soil and the soil trimmed from the bottom and taken to the labo-
ratory, where its saturated hydraulic conductivity was measured
by the falling-head method described by Klute (1965). After
measuring saturated hydraulic conductivity, the soil was oven-
dried and bulk density and particle-size distribution (Day,
1965) were determined.

On 10 April 1974, we evaluated the soil’s water-intake char-
acteristics, using five double-ring infiltrometers for each loca-
tion and the method described by Bertrand (1965).

RESULTS AND DISCUSSION

Analyses revealed many of the chemical properties of the
soil recently broken out of native grass pasture (sod) were
similar to those of soil of the adjacent cultivated field
(tilled) (Table 1). A few, however, reflected the difference
in management history. The higher phosphorous content
of the tilled soil was undoubtedly caused by phosphorus
added as fertilizer. The slightly higher electrical conductiv-
ity of the tilled soil likely resulted from a slight accumula-
tion of salt from irrigation water. Loss of organic matter and
nitrogen in cultivated grassland has been well documented
(Haas et al., 1957; Myers et al., 1943; Hobbs and Brown,
¥957).

Several physical properties of the sod and tilled soils are
compared in Table 2. When soil was wet, aggregates from
the sod soil were stabler than those from the tilled soil. Dif-
ference in wet-aggregate stability between sod and tilled soil
was greater in soils that had been flash wetted, or suddenly
immersed in water (aggregation ratios of 0.33 and 0.04 for
the sod and tilled, respectively), than in vacuum-wetted
soils (aggregation ratios of 0.80 and 0.73 for the sod and
tilled soils, respectively). Almost no tilled soil remained on
the sieve after flash wetting and sieving for 5 minutes. .

Wet'sieving of the soil simulates forces that operate in the
field to break down clods and aggregates. Immediately after

soil suggested that dense, unaggregated surface crusts likely
form on flooded tilled soils.

Modulus-of-rupture determinations also suggested the
more likelihood of surface crusting of the tilled than of the
sod soil. Mean modulus of rupture of 15 samples was
15,300 and 62,800 dynes cm—2 for sod and tilled surfaces,
respectively. The sod soil briquettes were fragile—11 of 15
broke in handling before force was applied; only 3 of 15 of
the tilled soil briquettes broke before force was applied.
The higher modulus of rupture for the tilled soil was signifi-
cant at the 1% level (Table 2).

The mechanical analysis showed more clay and sand and
less silt in the Ap of the tilled as compared with the sod soil.
The Keith soil is usually classified as a silt loam, but pro-
portions of sand, silt, and clay of the tilled soil would make
it a silty clay loam (Table 2). Both silt loams and silty clay
loams have sufficient clay and silt to form relatively stable
dry aggregates,

Analyses showed the sod and tilled soils had stable dry
aggregates with mean mechanical stabilities of 0.96 and
0.97, respectively, Mechanical stability of dry aggregates
is a good index of a soil’s ability to resist wind erosion; clods
> 0.84 mm are considered nonerodible (Chepil, 1950,
1958). Since tilled and sod soils tested had > 70% of aggre-
gates > 0.84 mm and a high degree of dry-aggregate sta-
bility, neither would likely present a serious wind-erosion
problem.

The Ap horizon of the tilled soil was slightly denser than
that of the sod (Table 2); the bulk densities of the Al2 hori-
zon of tilled and sod, however, were not significantly differ-
ent. The clods formed in the Ap horizon were much denser
in the tilled soil than in the sod 1.72 and 1.33 g/cm?,
respectively.

Electron micrographs of soil aggregates at low magnifica-
tion (52 X) showed more roots and cavities in the aggre-
gates from the sod soil than in those from the tilled soil
(Fig. 1A and 1B). But at high magnification (3,000 X),
the soils’ microstructure seemed less different (Fig. 2), with

Table 2—Soil properties of the sod and tilled soils

Mean Level of

cultivation, most soils contain an abundance of large pores. Property Unita god Tiied significance
1 3 H 3 Wet regate gtability

When the soil is wet under tension (simulated by vacuum ot aggregate < pimensionless 0, 80 0.73 0.0
3 i i 1 i Flash wetted Dimensionless  Q, 33 0,04 0. 01
wetting), the soil aggregates begin slaking and slump‘mig, pipnah wetled iabiltty Dimensiontess 033 0.4 .o
and thus filling many of the large pores. When the soil is Bulk density (Ap) g om™3 129 1.38 0, 10
. . Bulk density (A12) gem™? 1. 26 1.28 NS
initially dry, then wet suddenly as by flooding, the trapped Clod density g om™ 1.33 L71 0.01
. . . v . Saturated hydraulic conductivity cm hr™? 2,32 0,02 0.05
air in the aggregates causes miniature explosions and accel- Infiltration rate cmbrt 0% 018 00
Modul f 1t ds . .53 x 1 6.28x 1 0,01
erates aggregate breakdown. The more nearly complete Mioaulus of rupture yoesom © 1S3 25 o %
. i 5. 0.0
breakdown of aggregates from the tilled than from the sod o % Se2 o 001
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Fig. 1—Electron micrographs (52} of sod (A) and tilled
(B} soil from the Ap horizon.

the only apparent difference being the lines and coating
appearance of the sod soils. We do not know what sub-
stance caused the lines or the coating. Low and Stuart
(1974) found a similar difference between an old grassland
soil and an arable soil of the same soil series. They sug-
gested this as evidence of the presence of an adherent, pre-
sumably organic, matrix binding of the clay and other par-
ticles of the old grassland soil. .

Because of its greater porosity and less-dense aggreg™es,
the sod soil had higher and more variable saturated hy-
draulic conductivity and water infiltration rates than did the
tilled (Table 2 and Fig. 3). Average constant infiltration
rates after 6 hours of infiltration were 1.95 and 0.13 cm/hr
for the sod and tilled soils, respectively. One of the five
replications on the sod was extremely high (> 70 cm of
water had infiltrated in 6 hours). But discarding extreme

Fig. 2-—Electron micrographs (3,000 ) of sod (A) and tilled
{B) soil from the Ap horizon.

values, the average infiltration in the sod was still more than
seven times (0.95 vs. 0.13 cm/hr) greater than in the tilled
soil. Rauzi et al. (1968) reported for the second 30-minute
period of 1-hour infiltration tests on rangeland of Keith silt
loam in poor and excellent condition, water intake rates
were 2.41 and 8.56 cm/hr, respectively.

Water conservation and runoff from rainfall and snow-
melt are influenced by infiltration rate. If a rainstorm deliv-
ered 3.0 cm of water in a 6-hour period and the rain had
entered the soil, according to the data of Fig. 3, at the end
of the 6-hour period the sod and tilled soils would have
absorbed 3.0 and 1.1 cm of water, respectively. If the same
amount of rain had occurred in a 3-hour period, at the end
of 3 hours all 3.0 cm of water would have entered the sod
soil but only 0.72 ¢m in the tilled. In the less permeable soil,
much more water runs off the field and less is conserved.
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Fig. 3—Infiltration curves of sod and tilled Keith soil. The
data for the fastest and slowest infiltration into the sod are
not plotted, and only one curve is drawn through the data
for all five replications of infiltration into the tilled soil.

Because of its slow water-intake rate, tilled soil needs
special management for irrigation. Generally, soil with <
0.25 cm/hr infiltration rates are unsuited for irrigation agri-
culture (Thorne and Peterson, 1954).

Henderson and Haise (1967) suggest two general ap-
-proaches to the widespread problem of slow water intake:
(i) improve soil structure, or (ii) alter water-management
practices. To improve soil structure, they suggest adding soil
amendments, using appropriate tillage and crop sequences,
of sometimes adding organic matter and manure. Suggested
water-management practices included irrigating more fre-
quently, extending irrigation duration, increasing wetted
area, and altering flow characteristics. ’
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