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ABSTRACT

uantification of the temporal variability of
soil properties is needed in order to under
stand the effects of cropping on soils. A
study was conducted to determine the short-
and Nag-term variability of selectedsoil properties
of two loessial soils in the Grand Prairie of Arkan-
sas. The surface 15cm of bath soils had a silt loam
texture. Four adjacent fieldswere used for the study
and included a prairie and three fieldsthat had been
cropped for 3, 14 and 32 years, respectively. The
statistical analyses indicated that the magnitude of
the soil properties varies with duration of cropping
(long-term variability), depth interval and sampling
time within a year (short-term variability). The
amount of variability was dependent on soil prop-
erty. Temporal changes such as increases in soil so-
lution pH up to an optimum pH are beneficial
whereas increases in bulk density and decreases in
Ksat, total porosity, total C content and the ability
to retain or store water generally are considered to
be detrimental for maximum crop production. The
variability of total C content in the soils could ad-
equately describe the variability of log Ksat, bulk
density, porosity and water retained at 10 kPa.

INTRODUCTION

Generally, tillage practices are used to provide
more favorable soil conditions for crop growth and
development. Moderate tillage facilitates root growth
by loosening surface and subsurface soil and im-
proves aeration and water infiltration of the soil pro-
file. On a short-term basis, tillage may be beneficial
to crop production and soil productivity (Baver et
al., 1973).0n the other hand, over many years fre-
guenttillage operations using moldboard plows, disk
or chisel or a combination of disk-chisel or disk cul-
tivators have been used within a growing season.
The cumulative effect of these frequent tillage op-
erationsand cropping leads to changes in soil physi-
cal, chemical and biological properties. As a result,
extensive tillage of the soil over long periods of time
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may have detrimental effects on crop establishment
and yield.

Temporal variability of soil properties is defined
as the changes in the magnitude of soil properties
with respect to time. The temporal changes of soil
properties can occur over long-term (more than a
year) or short-term (equal to or less than a year)
periods of time. Temporal variations in soil proper-
ties have been reported to be associated with total
porosity, bulk density and water retention (Gantzer
and Blake, 1978; Cassel, 1983), saturated hydraulic
conductivityand macroporosity (Carter, 1988). These
soil properties are dynamic even in prairies (never
cultivated) where factors such as freezing and thaw-
ing, root growth and exudates, wetting and drying
cycles, carbon turnover and biological activity may
strongly effect their magnitude. This temporal vari-
ability is called intrinsic variability (Low, 1972; Cassel
and Nelson, 1985; Scott and Wood, 1989). In culti-
vated fields, seasonal changes in soil properties can
be affected by tillage operations such as planting,
cultivating and chiseling and are related to wheel
traffic. This variability is called extrinsic variability
(Scottand Wood, 1989).

These published studies have demonstrated that
tillage affects both the magnitude and the variabil-
ity of soil properties. Therefore, the objectives of
this research were to determine and quantify the
temporal changesin selected soil physical and chemi-
cal, properties of a loessial soil due to short- and
long-term cropping. This work was conducted in an
area in which rice, soybeanand wheat are the domi-
nant cropping systems.

MATERIALSAND METHODS

The study was conducted on the Fred Seiden-
stricker Farm, which is located south of Hazen in
Prairie County, Arkansas. At the study site, the lati-
tude is 34° N, the longitude is 91.5" W, and the
average annual rainfall is 1338 mm. The soil is clas-
sified as a fine, montmorillonitic, thermic Typic
Albaqualfs or a fine-silty, mixed, thermic Typic
Glossaqualfs. The soil in the study location is an
association of Crowley and Calhoun series and has
poor 'internal drainage (SCS, 1981; Scott and Wood,



1989). The texture in the 0- to 0.15-m depth inter-
val is siltloam.

Four adjacent fields were sampled on an ap-
proximately monthly basis (Fig. 1).These fields in-
clude a prairie and three fields that had mostly been
in rotation of rice (Oryza sativa), soybean [Glycine
max (L.)Jand wheat (Triticum aestivum) for 3, 14
and 32 years, respectively. During the 1989 growing
season, the 3-years-in-cultivation field was fallowed
but was disked in June and November. Soybeans
were grown in the 14-year field from May to Octo-
ber 1989, and rice was grown in the 32-year field
from April to September 1989. Wheat was grown in
the 14- and 32-year fields from December 1989 un-
til May 1990.

Soil samples were collected at 15-m intervals
along a transect at depth intervals of 0 to 0.05 m
and 0.05 to 0.10 m before the crops were planted
during March 1989, during the growing season from
May to September 1989 and after the crops were
harvested on November 1989, December 1989, Janu-
ary 1990 and March 1990. Both undisturbed and
disturbed samples were collected at each sampling
time. Undisturbed soil samples were collected using
steel cores having a diameter of 0.06 m and a height
of 0.05 m. Soil physical properties determined on
these undisturbed cores included saturated hydrau-
lic conductivity (log Ksat), bulk density, soil poros-
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ity and soil water retention at pressures of 10, 20,
30, 50, 80, 100, 500 and 1500 kPa. Disturbed soil
samples were’collected at 30- and 45-m intervals
along the same transectand taken to the laboratory
for analysis of particle size distribution, particle den-
sity, total carbon (TC)and pH inwater and in CaCl,.

For each soil property, exploratory statisticswere
performed to characterize the data at each field and
depth interval. Computations were made of mea-
sures of central tendency and dispersion. Tests for
normality were determined, and normal probability
plots were constructed by field and depth interval
averaged over samplingtimes.

Two statistical approaches were considered in
order to quantify the temporal variability of the soil
due to cropping. When the fields, depth interval and
sampling times were fixed, the ANOVA was per-
formed using a split-split plot in time. The compu-
tations were carried out using SAS's GLM proce-
dure.

RESULTS AND DISCUSSION

Characterization of the Soil Properties

Selected properties of the soil profile in the prai-
rie and 32-year fieldswere determined. The results
for the first two depth intervals are presented in
Table 1and showthat the texture was silt loam, the

Seidenstricker Farm

Fig. 1.Pictoriai representation of the four fields sampled on the Seidenstrickerfarm at Hazen, Arkansas.
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TC content decreased with depth interval and time
in cropping, and the pH of the prairie was more
acid than that of the 32-year field. In general, the
color of the prairie was darker in the surface than
that of the 32-year field, a fact that can be attrib-
uted to its greater TC content. The particle density
of the surface 10 cm was 2.62 and 2.66 g/em? in the
prairie and 32-year field, respectively.

Table 1. Selected soil properties
of the prairie and 32-year field.

Field
Prairie 32-year field

$oil property 0-8cm 8-15cm 0-8 cm 8-15 cm
Particlesize distribution

% sand 16.8 16.4 14.0 15.8

% silt 67.3 67.4 70.2 68.6

% clay 15.9 15.2 15.8 15.6
Total carbon (g/kg) 21.3 12.6 11.2 7.6
pH (in water) 49 4.7 5.4 54
pH (in CaCl,) 4.6 4.4 5.1 5.2

Temporal Variability of Selected Soil
Properties

The ANOVA df each soil property involved three
level factors (main, sub and sub-sub): cropping du-
ration, depth interval and sampling time, respec-
tively. The short-term variability of Log Ksat, bulk
density and TC is shown in Fig. 2, 3 and 4, respec-
tively. For all three soil properties the main effects
of cropping time (field) and depth interval were
highly significant. Samplingtime was significant for
Ksat, highly significant for bulk density and non-
significant for TC. The interaction term of field x
depth interval was highly significant for bulk den-
sity and TC. These results show that both short-
and long-term variability are important consider-
ations in evaluating the effects of cropping on soil
properties.

Statistical Analyses

The means of each soil property for a given field
(croppingduration) at each depth interval were com-
puted for several soil properties taken over time.
These results are presented in Table 2 and were the
average of all of the samples taken from March 1989
to March 1990. In general, the lowest values of Ksat,
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Fig. 2. Short-term variability of the saturated hydraulic conductivity in the four fields.
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Fig. 3. Short-term variability of bulk density In the four fields.
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Table 2. Summary statistics for Ksat by years In cropping and depth interval.

Years in cropping

0 14 32
Soil property 1 2 1 2 1 2 1 2
Log Ksat(/ms x 105) 7.9 2.5 4.0 2.0 4.0 1.6 13 0.1
Bulk density(mg/m?) 1.07 1.22 1.13 1.19 1.27 1.35 1.31 1.40
Total carbon(g/kg) 28.1 14.3 15.2 13.7 10.9 10.4 114 105
porosity(m?/m3) 0.59 0.53 0.57 0.54 0.52 0.49 0.51 0.48
pH in CaCl, 43 4.1 5.2 5.1 5.4 5.5 5.1 5.2
10kPa water ret. 0.443 0.425 0.400 0.408 0.381 0.376 0.397 0.393
1500 kPa water ret. 0.075 0.084 0.078 0.081 0.070 0.078 0.077 0.086
'Depth interval 1 = 0-5 cm; depth interval 2 = 5-10cm.
TC and porosity were found in the 32-year field and LITERATURE CITED

in the 5- to 10-cm depth interval. The highest val-
ues of bulk density and pH in CaCl, were found in
the 32-year field. From a practical view, decreases
in Ksat may be beneficial in rice production but
harmful in soybean production.

The means of TC in the four fields and two
depth intervals were linearly regressed with the
means of the soil parameters given in Table 2. The
relationships are presented in Table 3. These re-
sults show that variations in TC alone could explain
most of the variations in log Ksat, bulk density, po-
rosity and 10 kPa water retention. The coefficients
of determination associated with the variations of
pH and water retained at 1500 kPa were low. Of
interest is the fact that positive slopeswere obtained
for the relationships between TC and the depen-
dent variables log Ksat, porosity and 10 kPa water
retained, and this indicates that as TC increased,
values of these parameters also increased. Negative
slopes were obtained between TC and bulk density
and pH in CaCl,. The close relationship between
TC and several of these soil properties suggests that
losses of TC due to cropping in these soils were
closely associated with the changes in the magni-
tude of the soil properties.

Table 3. Linear relationships between selected soil
properties and total carbon (TC) contentof the soil.

Dependent variable Intercept Slope R?

Log Ksat (x 10%) -2.245 0.361 0.778
Bulk density 1.465 -0.0156 0.670
Porosity 0.452 0.0054 0.704
pH in CaCl, 5.81 -0.058 0.443
10kPa WR 0.356 0.0032 0.731
1500 kPa WR 0.081 -0.0002 0.044
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