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ABSTRACT

Measuring soil charecteridtics differences due to land converson and farming management is needed in order
to undergand the effects of cultivation on soils. A study was performed to determine the effects of cultivation
on grasdand and cropping duration on sdected properties of dfisols collected from Arkansas, USA. The
aurface 15 cm of soils had a gt loam texture.  Four adjacent fields were used for the study and included a
virgin grasdand and three cultivated fidds that had been cropped for, 3, 14 and 32 years, respectivdly. The
satigtical analyses indicated that the magnitude of the soil properties varies with duration of cropping and
depth interva. The amount of changes was dependent on soil property. The results indicated that soil color
in the virgin grasdand had vaues of hue of 10 YR and 75 YR and in cultivaed fidd had vaues of hue 10
YR. The virgin grasdand had a higher clay percentage as compared to the 32-year of cultivated fidd.
However, these differences in clay content were found primarily at the deeper depth. The average prdfile
content of C was 808 g kg for the virgin grasdand and 548 g kg™ for cultivated soil. The pH in the virgin
grasdand was admost one unit lower than that of the 32-year cultivated fidld. In generd, the vdues of paticle
density increased as the cropping duration increased. The changes such as increases in soil solution pH up to
optimum pH are beneficid whereas decreases in totd C content and clay content generdly conddered to be
detrimental for maximum crop production.
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ABSTRAK

Kuantifikes dfat-gfat  tanah akibat proses konvers lahan dan pengolahan tanah diperlukan untuk memahami
pengaruh  &ktivites pengelolaan lahan terhadep karakterigtik — tanah. Penditian ini dilaksanakan untuk
menentukan pengaruh konvers lahan rumput ke lahan pertanian sarta efek lamanya Stim budidaya tanaman
dengan olah tanah konvensond terhadap bebergpa sfa-dfa terpilin tanah dfisol yang diambil dari wilayah
Arkansas, USA. Sampd taneh diambil dai keddaman 0-15 cm dan memiliki teksur lempung-debuan.
Tanah dari empat tipe lahan tdah diguneken dalam percobaan ini yang terdiri dari sdu lahan rumput (virgin
grassland) bdum penah dibuka untuk budidaya, dan tiga lahan yang sedang ddam aktivites budidaya
dengan pengolahan tanah konvensond sdama 3, 14 dan 32 tahun. Tanamen yang dibudidayakan addah
padi, kedda dan gandum. Andids datistik menunjukken bahwa nila sfat-sfat tanah bervarias tergantung
dai masa dimulanya ssim pengolahan tanah konvensond dan keddaman pengambilan sampd tenah.  Hasl
penditian memberikan gambaran bahwa warna taneh pada lahan rumput memiliki nila hue sebesar 10YR dan
75 YR dan lahanrlahen yang diolah mempunya nila hue 10YR. Tanah rumput mengandung konsentras liat
lebih tinggi dibandingkan lahan-lahan yang diolah, terutama pada profil yang lebih ddam. Kandungan C
ratarata pada lahan rumput addah 808 g kg', sedangkan pada lahan budidaya addah sebesar 548 g kg'.
Lahen rumput memiliki nila pH satu unit lebih rendeh dibandingken lahan yang tdah diolsh dan
dibudidayakean sdama 32 tahun. Secara umum  nila  kergpatan jenis tansh meningka seiring  dengan
bertambahnya dures dgim pengolahan tanah. Perubahan dfat-dgfat tanah seperti peningkatan pH  hingga
mencapai  optimum tergolong menguntungkan, tetapi adanya penurunan kandungan C dan liat termesuk Sfat
yang merugikan dalam proses budidaya tanaman

Kata kunci : karbon, kergpatan jenistanah, liat, pH, warnatanah
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INTRODUCTION

In agriculture practices, land management
are including land converson, preparation of
seed-beds and rootbeds, incorporation of
amendments, control of weeds and pest, en
hancement of infiltration and control of erosion
(Schaver and Johnson, 1985). Many types of
s0il management, such as tillage are often used
to accomplish these purposes. The soil may be
loosened, granulated, compacted, crushed, in-
verted, sheared, shattered, etc., all of which
affect the environmental condition of soil.

On a short-term bass, tillage may be
beneficiad to crop production and soil pro-
ductivity (Baver et al., 1973). However, the
cumulative effect of these frequent tillage
operation and cropping over an extended time
interva lead to changes in soil physica, che-
mica and biologica properties and may have
detrimental effects on crop establishment and
yield (Handayani and Coyne, 1995; Handayani,
1996).

Soil properties is dfined as the magnitude
of soil characteristicss. The changes in soil
properties can occur over long-term (more than
a year) or short-term equal or less than a year)
periods of time. Variation of soil properties as
affected by tillage practices have been reported
to be associated with total C, bulk density, total
porosity and water retention (Cassel, 1983),
saturated hydraulic conductivity (Scott et al.,
1994) and macroporosity (Carter, 1988).
Changes in soil properties can be affected by ti-
Ilage operations to convert the virgin land into
cultivated fields and to prepare the growth me-
dia, such as planting, cultivating and chisgling.
The magnitude of soil properties are dso dyna-
mic in virgin grassands (never cultivated) whe-
re root growth, drying and wetting cycles, exu-
dates, carbon turnover and biologicd activity
may strongly effect the magnitude of soil pro-
perties.

These published studies have demonstrated
that tillage affects the magnitude of soil proper-
ties. Therefore, the objective of this research
was to determine the changes in selected soil
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properties due to grasdand conversion and
tillage duration, especidly in dfisol. This study
was unique because it involved rice, soybean
and wheat as the dominant cropping systems
using conventiond tillage practice for at least 3
years

METODOLOGY

The soil samples was collected from the
Fred Seiden-stricker Farm, which is located
south of Hazen in Prairie Country, Arkansss,
USA. The latitude is 34°N, the longitude is
91.5° W, and the average annual rainfdl is 1338
mm. The soil is classified as an dfisols and the
texture in the G to 0.15-m depth intervd is st
loam. The soil in the sudy location is an asso-
ciation of Crowley and Cahoun series and has
poor interna drainage (SCS, 1981; Scott and
Wood, 1989). Four adjacent fields were sam+
pled a prairie and three fields that had mostly
been in rotation of rice (Oryza sativa), soybean
[Glycine max. (L)] and wheat (Triticum
aestivum ) for 3, 14 and 32 years, respectively.
Soil samples were collected a 15-m intervals
aong atransect at depth intervals of 0to 0.05 m
and 0.05 to 0.10 m before the crops were
planted. Disturbed soil samples were collected
and teken to the laboratory for anaysis of
particle size distribution, particle dengty, total
carbon (TC) and pH in water and in CaCl,.
Particle density was determined on disturbed
soil cores using the pycnometer method
according to Blake and Hartor (1986). Particle
size digtribution was measured using the micro-
pipette method according to Miller and Miller
(1987). Tota carbon content was analyzed by
the dry combustion method (Scott and Wood,
1989). Soil pH in water was determined at a
soil : solution ratio of 1. 2.5, and pH in Ca Cl,
was determined by adding 0.1 mL of 1 M
CaCl,.

Statistical approach was considered in or-
der to quantify variability of the soil properties
due to tillage duration. The ANOVA was per-
formed using a split-plot, since the fields and
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depth interval were fixed. The computations
were carried out usng SAS's GLM procedure.

RESULTS AND DISCUSSION

Soil properties, such totd C, pH and soil
texture of the soil profile in the virgin and 32
year field were analyzed to a depth of 0.77 m.
The results are presented in Tables 1 and 2. This
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soil has low chroma (darker) dominant
throughout the upper soil to a depth of 0.75 m
or more, and high vaues (lighter) in the plow
layer. Values of chroma of 3 or more indicates
that the soil is saturated with water for short
periods. The soil pH tends to be very strongly
acid to dightly acid in the 0 to 1.40 m depth
interval.

Table 1. Color, particle size distribution and textural class of the grassand and

cultivated soil profiles.

Clay Sand qlt

Depth (m) Color % % % Textura class
Grasdand
0-0.08 10YR 4/2 15.9 16.8 67.3 Silt loam
0.08-0.15 10YR 4/2 15.2 16.4 68.4 Silt loam
0.15-0.23 10YR 4/3 17.3 15.2 67.5 Silt l[oam
0.23-0.31 10YR 5/3 22.5 134 64.1 Silt loam
0.31-0.38 10YR 5/3 27.1 10.2 62.7 Silt loam
0.38-0.46 10YR 5/4 29.0 10.2 60.8 Silty clay loam
0.46-0.54 10YR 5/3 30.1 11.2 58.7 Silty clay loam
0.54-0.61 10YR 6/6 29.8 9.6 60.6 Silty clay loam
0.61-0.69 75 YR 5/6 28.8 104 60.8 Silty clay loam
0.69-0.77 75 YR 5/6 34.3 9.8 55.9 Silty clay loam
Cultivated field (32 year)
0-0.08 10YR 4/3 15.8 14.0 70.2 Silt loam
0.08-0.15 10YR 4/3 15.6 15.8 68.6 Silt loam
0.15-0.23 10YR 4/3 19.3 18.6 62.1 Silt loam
0.23-0.31 10YR 4/2 20.6 184 61.0 Silt loam
0.31-0.38 10YR 5/2 21.7 175 60.8 Silt loam
0.38-0.46 10YR 5/2 21.6 19.7 58.7 Silt loam
0.46-0.54 10YR 5/2 18.3 16.0 65.7 Silt loam
0.54-0.61 10YR 4/2 23.4 18.2 58.4 Silt loam
0.61-0.69 10YR 4/2 21.7 19.1 59.2 Silt loam
0.69-0.77 10YR 5/2 20.6 18.1 61.3 Silt loam

The results of the profile characterization
indicated that soil color in the grasdand had
vaues of hue of 10YR and 7.5YR. in the O to
0.61 m depth interval the hues were yelowish
red and grayish brown (10YR). The soil color
was redder and lighter below 0.61 m (7.5YR).
Hues redder than 10Y R are due to the red parent
materias that remain red after citrate-dithionite
extraction (Soil Survey Staff, 1975). In the
grasdand, the soil colors were lighter as depth

of profile increased. Soil color in the profile
depends upon water regime in the profile. The
results from the particle size andys's indicated
that the textural class of the profile was st
loam except for the grassdand, the profile mean
values of clay, sand and silt were 25.0 £ 6.8%,
12.3 + 29% and gt in the 32-year field were
200 £ 25%, 175 + 1.8% and 62.6 * 4.1%,
respectively.
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Table 2. Totd carbon and pH in water and salt of the grassdand and 32
year of cultivated soil profiles

Tota Carbon g

PH

Depth (m) kg fo)  caoy P
Grasdand
0-0.08 21.34 4.86 4.63 -0.23
0.08-0.15 12.61 4.66 4.38 -0.28
0.15-0.23 10.28 4.66 4.32 -0.34
0.23-0.31 754 4.69 4.36 -0.33
0.31-0.38 6.31 491 4.28 -0.63
0.38-0.46 5.65 501 4.30 -0.71
0.46-0.54 5.48 5.02 4.26 -0.76
054-0.61 4.30 5.15 4.36 -0.79
0.61-0.69 3.67 5.28 4.36 -0.92
0.69-0.77 3.66 547 452 -0.95
Cultivated field
(32 year)
0-0.08 11.22 5.35 511 -0.24
0.08-0.15 755 5.40 5.17 -0.23
0.15-0.23 6.17 547 5.17 -0.30
0.23-0.31 5.13 552 5.20 -0.32
0.31-0.38 4.47 5.60 5.19 -041
0.38-0.46 4.13 571 5.25 -0.46
0.46-054 4.08 5.75 5.29 -0.46
0.54-0.61 4.09 5.78 5.29 -0.49
0.61-0.69 4.00 5.82 531 -0.51
0.69-0.77 4.00 591 5.38 -053

The grassland had a higher clay percentage
as compared to the 32-year field. However,
these differences in clay content were primarily
found at the deeper depths. From the textura
analysis and color it appeared that these two soil
profiles were from different soil series (SCS,
1981). However, since the study was conducted
only on the O to 0.10 m depth intervd, it isim-
portant to note that there was no statistical dif-
ference on the paticle size distribution and
especialy in the clay content. Jenny (1941)
noted that the dteration in the particle size dis-
tribution might aso bring about soil compaction
that hampers air and water circulation as well as
tillage operation.

In general, total carbon content (C) de-
creased with increasing depth in the profile.
Between the 0.61 and 0.77 m depths, tota

carbon contents of both fields were similar. The
average profile content of C was 8.08 g kg ~ for
the grassland prairie and 5.48 g kg ~* for the
cultivated fields. The changes in carbon content
near the surface were brought about primarily
by those activities associated with rice, soybean
and whegt cropping.

The loss of totd carbon due to tillage
practices found in this study was about 50% in
the 0 to 0.8 m depth interval. This percentage of
lost C was similar to the rates of loss of organic
matter in the same location of 56% at the O to
0.05 m depth interval after 30 years in cul-
tivation (Scott and Wood, 1989). Baesdent et
al.(1988) and Handayani (1996) reported that an
initid rapid loss of carbon in a grasdand occur-
red due to the presence of an easly minera-
lizable component was dependent upon the type
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of cultivation and the clay fraction which con-
tained both the most stable and some labile car-
bon. According to Handayani & Coyne (1995),
changes in soil temperature and water regimes
during cropping have a magor effect on the
changes in organic carbon content

These data showed that the average soil pH
of the profile in water and in CaCl, was 5.00 +
0.26 and 4.38 £ 0.11 in the grassland prairie and
5.63 + 0.19 and 5.37 £ 0.08 in the 32-year field,
respectively. The pH in the prairie was amost
one unit lower than that of the 32-year field.
The average DpH was —0.59 + 0.27 in the prai-
rieand —0.39 = 0.11 in the 32-year field. These
differences might be due to the different
amounts of organic matter and clay in the pro-
file

According to the SCS (1981), these soils
were developed under well-distributed, high
rainfall conditions. Therefore, the ground water
may be deep most of the year but the B horizon
has low hydraulic conductivity which restricts
the downward movement of water and extends
the period of saturation. Consequently, these
conditions created an acid virgin sal. The
higher pH in cultivated soils might be due to the
flood irrigation of rice and soybean which in
this area contains appreciable amounts of Ca
(COs), and perhaps to some additions of lime.
This compound precipitates as a result of dow
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flow rates, higher soil and air temperatures and
the presence of atmospheric CO, (Scott and
Wood, 1989; Grossman and Pringle, 1987). In
addition, precipitation of Ca and Mg from rice
irrigation water pumped from the quartenary
aquifer incressed soil pH especidly in areas
near the field water inlet. These results can be
contrasted with these of La et al. (1990) who
reported that continuous no-till production of
corn and soybean for 12 years in northwest
Ohio caused a decline by 0.2 unit in pH
measured in 1 : 1 soil : water suspension of G
0.10 m layer. In comparison, 2 years of no-till
following 10 years of plow-till decreased pH by
about 0.05 unit in 0-0.10 m layer. Handayani
(2001) reported that the pH vaues of the
cultivated Muara Bangkahulu and Bentiring
soils from South Sumatra were higher than the
adjacent grassland or secondary forest areas
due to the gpplication of limestone.

The results of particle density among the
four fields are presented in Table 3 and showed
fairly constant values in both depth intervals.
The particle dendity of the soil refers to the
density of the solids and is expressed as the
ration of the mass to the volume of the solids.
These values exclude the pore space between
the soil particles, consequently; no inferences
can be made of the soil structure

Table 3. Particle density of the four different cropping duration on Alfisols .

Duration of tillage practice Depth
0-0.05 0.05-0.10
_____ m —_————
O-year 262+ 0.01 262 +0.02
3-year 261+ 0.01 261+ 0.05
14-year 2.66 + 0.03 2.66 £ 0.04
32-year 2.66 + 0.02 2.66 + 0.02

The ANOVA shows that there was a highly
sgnificant effect of cropping duration of
particle density. The values of particle density
generdly increased as the cropping duration
increased. It appeared that there was a
sgnificant different of the mean of particle
densty after 3 years in cultivation. Slightly

lower values of particle density were found in
the grassland prairie ( 2.62 Mg m®) and 3year
fidd ( 2.61 Mg m®) and probably was due to the
presence of organic matter (Scott and Wood,
1989). As soil organic matter decreases with
duration of cultivation, the values of particle
density remained fairly constant
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CONCLUSIONS

Soil properties are dtered by land mana-
gement, however changes in magnitude differ
among them. The results indicated that soil co-
lor in the grasdand had values of hue of 10 YR
and 7.5 YR and in cultivated field had values of
hue 10 YR. The grassdand had a higher clay
percentage as compared to the 32-year of cul-
tivated field. However, these differencesin clay
content were found primarily a the deeper
depth. The average profile content of C was
8.08 g kg™ for the grasdand and 5.48 g kg™ for
cultivated soil. The pH in the grassand was
amogt one unit lower than that of the 32-year
cultivated field. In generd, the values of par-
ticle density increased as the cropping duration
increased.
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