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Abstract— Cultivation will change some of soil physical properties which determine the susceptibility to erosion. Therefore, the
properties must be paid much attention in cultivating soil for annual crop farming, such as for corn. A research about dynamics of
physical properties of Ultisol was conducted during corn cultivation in Ultisol Limau Manis, a wet tropical area. The objective of the
research was to determine the changing of the soil physical properties during corn cultivation. The soil was sampled before
cultivation, 1, 2, and 3 months of corn age, and 3 weeks after harvesting. Parameters analyzed were soil texture, bulk density, total
pore, aggregate stability, soil moisture, organic C, permeability. The result showed that there was a short term effect of corn growth
on some physical properties such as bulk density, total pore, aggregate stability, permeability, and organic matter content of the
Ultisol. The properties tended to improve during corn age 2 and 3 months, and then get down again after harvesting.
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Soil physical properties not only determine susceptibility
[. INTRODUCTION of the soil to erosion, but also affect soil chemical properties.
| High nutrient content in a soil will mean nothing if there is
not enough water available for plant growth. Furthermore,

since fertile soils are still available. This is due to the fact goq(_j balance between water and air in a soil W'”. also
that the soil has poor physico-chemical properties. Besidesf‘rj‘c'“t"?‘te plant root development, therefore, nutrients
having bad soil chemical properties [3] causing low plant con'galned In the_ soil can be uptake by plants.

growth performance, Ultisol has also poor soil physical T|Ilage practices and plant grO\_/vth are among fa_ctors
properties, while they play an important role in affecting soil affecting soil physical properties. Tillage will cause soils to

productivity. Yulnafatmawita [10],[7],[9] reported that this be looser, and exposed to raindrops. Plant canopy and root
Ultisol had very high clay content (>70%) but low SOM. development, on the other hand, can protect soils from being

This condition brings the soil into low aggregate stability degraded by external factors and eroded. Ghestem et al [2]

and slow infitration and permeability rate. Therefore, this stated th‘_'ﬂ root architecture an_d diverse consequently affect
soil is susceptible to erosion if it is cultivated, especially preferential flow. Yulnhafatmawita et al reported that amount

under high rainfall and sloping area such as in West Sumatr unoff _and 50'.' erod_ed decrea_sed as cormn grew [.10]‘
However, intensive land use change lately has caused th ynamics of soil phy5|_cal properties can be determined in a
Ultisol to be open and cultivated for annual crop farming. short time from cultivation of annual crops, such as corn.
This is caused by the fact that fertile soil has been changed
into non-agricultural use. Moreover, natural disasters have Il. MATERIAL AND METHODS
also increased the amount of marginal land. Therefore, This research was conducted at Ultisol in Limau Manis, a
Ultisol as a marginal land was started cultivating. Area of wet tropical area in West Sumatra Indonesia. A piece of
the Ultisol reached 45.8 million ha in Indonesia [6], in which land having 25% slope was planted with corn (Zea mays).
most of the Ultisols was uncultivated. Cultivation of the soil Soil samples were taken at 5 different times (before tillage, 2
especially for seasonal crops leads to alter the physicalweeks after tillage or at planting time, 6 weeks after planting,
properties. Yulnafatmawita [10] reported that amount of soil 10 weeks after planting, and 2 weeks after harvesting.
loss at Ultisol Limau Manis could higher than the tolerated Disturbed and undisturbed soil samples were taken on 0-20
erosion. cm depth for analyses for the physical properties.
Parameters analyzed were soil texture (sieve and pipette

Ultisol is considered as a marginal soil, an unfertile soi
which is not considered for crop production in agriculture
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method), hydraulic conductivity (constant head method), B. Soil Moisture Content

organic matter content (wet oxidation method), bulk density,  Fielq soil moisture content changed throughout of corn
total pore, and moisture content (gravimetric method). The cytivation. Soil moisture content was high enough during

data resulted were compared to soil criteria. the first 2 stages of corn growth, and then decreased at the
last three stages. Higher soil moisture content at the first
lll. RESULT AND DISCUSSION two stages was probably due to low water absorbed by crops,

A. Initial Soil Properties since the_zy were still young. While at the last th_ree stages,
i ) ) . lower soil moisture content could be caused by higher water

In general, Ultisol used in this research, under wet tropical 5p5orbed during maximum vegetative growth and as well as
climate, had bad soil characteristics. Physically, the soil wasqyring kernel filling. Furthermore, the soil moisture content
dominated by smallest particle or clay (83.20%) and very of yjtisol was much depent on the amount of rainfall
low SOM content (1.16%) (Table 1). It means that the soil oceived in the research area (Figure 1).
had low soil aggregate stability, unbalance between macro-
and micro-aggregate percentages, even though it hadC. Soil Bulk Density
medium percentage of total pore space (57%). The soil was As soil moisture content, soil bulk density value also
high micro-pores but low in macro-pores. Therefore, the yaried during corn cultivation. It tended to decrease as the
aeration and drainage of the soil was rather limited. second and the third stages of corn growth compared to the

High clay content combined with low SOM and high soil first stage. This was due to the fact that tillage causes soil
BD described that the soil had low infiltration rate. This will pecome porous. Then, it continued decreasing as crop
initiate run-off, especially the soil had relatively high soil growth until the fourth stage due to maximum root
moisture content (56%), which is more than half of the development and wider soil coverage by plant canopy. As
volume. Since the research area was located under supghe corn comes into maturity (stage 4) the soil bulk density
wet tropical region, the probability of erosion occurs was tended to be level off, and then increased after harvest time
high enough. back.

Low aggregate stability of this soil caused the soil very  ynlike the fact as reported by Yulnafatmawita et al that
susceptible to erosion, especially water erosion, since thesoC content was inversely related to soil bulk density[7],[9].
annual rainfall in the area approximately 5000 mm or more Thjs unusual result seems to be due to low canopy of crops
lyear) in this area. Water erosion becomes worse as the sofind decaying of some roots. Plant canopy protects soil

open such as for corn cultivation. surface from kinetic energy of rain drops to degrade the
TABEL . aggregate causing soil compaction. The more rainfall drops,
INITIAL SOIL PROPERTIES ORULTISOL LIMAU MANIS the more compacted soil leading in higher soil bulk density
under less plant canopy. As reported by Cavalieri et al, that
Parameter Value deterioration of soil structural quality led an increase in bulk
pH H,O 4.9 density [1].
Exch.-Al (me/100 g) 1.9 Like soil moisture content, soil bulk density seems to be
Soil moisture (g/g) 0.42 linearly related to the amount of rainfall received in the
Soil moisture (v/v) 0.48 research area (Figure 2). As reported by Kumar et al, that
Void ratio (e) 1.33

the dynamic soil properties were influenced by many factors

Degree of saturation (s) 0.85 .. .

Particle size distribution such as confining pressure, methods of loading, over

% sand 15.10 consolidation ratio, loading frequency, soil plasticity,

% silt 1.74 percentage of fines and soil type [4].

%clay 83.16 Furthermore, soil bulk density tended to inversely related

gg'(o;gﬁ%'c matter (%) ﬁg to soil organic carbon (Figure 3). Soil organic carbon

Totalgpore ) 057 ha\_/ing high s_oil_moisture causes sqil bulk density or dry

Hydraulic conductivity (cm/h) 0.26 weight of soil in each certain soil volume decreases.

Soil Dispersion Index Likewise, soil bulk density was also negatively correlated
BE 20 8-(2)2 with soil hydraulic conductivity (Figure 4).

Besides bad soil physical properties, the Ultisol also had
low level of soil chemical properties. It had acid reaction
(pH < 5.0) and high exchangeable Al. Acid will cause
limited nutrients available in soil, while Al is toxic for plant
growth. Therefore, this soil is known as marginal soil that
must be conserved for the use, especially for annual crop
farming, such as corn.
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Fig. 1-4: Dynamics of soil physical properties (1) soil moisture, (2) soil OC

vs soil bulk density (3), and soil hydraulic conductivity (4)

D. Soil Organic Carbon

the medium, in this case into soil. As reported by that
almost 5% to 21% of all photosynthetically fixed carbon was
transferred to the rhizosphere through root exudates [5]. The
exudates released by the roots correlates to the plant growth
activity.

As plants grow intensively, the roots also release more
OC. At the fourth or maturity stage, the SOC content slightly
decreased and then increased two weeks after harvesting.
Higher SOC at last stage of corn cultivation was probably
due to contribution of root decay after harvesting. Besides
root contribution, increasing SOC content could also due to
decomposition of weeds found on the plot before tilling the
soil.

Soil organic carbon content of the soil was not affected by
rainfall, but it affected percentage of total soil pore (Figure
6). Figure 9 showed that there was a positive-linear
correlation between SOC content and total soil pore. Sixty
nine percent (69%) of increasing total soil pore was due to
SOC content. This was due to the role of SOM in creating
and stabilizing soil aggregates. Aggregation process created
larger soil pores causing more space between aggregates,
and therefore, increasing SOM content decreased dry weight
per unit volume of the soil or the value of the bulk density.
As showed in Figure 10, 85% of soil bulk density was due to
SOM content.

Soil organic carbon also affected soil hydraulic
conductivity (Figure 7). Soil hydraulic conductivity followed
the SOC content from the beginning until the fourth stage.
However, at the last stage as corn had been harvested and the
soil became bare as well as the plant roots decayed, the soil
hydraulic conductivity decreased back.

E. Total Soil Pore

In general, total soil pore increased by the time of corn
growth, but it went down again as corn was harvested.
Increasing soil total pore at the second stage was due to soil
tillage before corn planted. Tillage causes the soil becomes
looser, or the soil volume becomes higher. Furthermore,
continous increase in total pore of the Ultisol at the thid and
the fourth stages was probably due to root mass and activity.
Higher root mass in the soil as it is profilition decreases soil
bulk density, in turn causing higher total soil pore.
Furthermore, the activity of the roots in their developments
such as breakthrough soil mass has caused the soil to be
looser. On the other hand, as root activity stoped and the
soil surface exposed to rain drops, the soil became more
compact, therefore, the total soil pore decreased.

Total pore of a soil was inversely related to the bulk
density of the soil (Figure 8). Since the soil OC content was
not so high, the value of the total soil pore was 96%
determined by the soil BD (Figure 11).

Soil organic carbon content of Ultisol increased during
corn cultivation (Figure 5). The sharpest increase was found
during the third stage. This was due to intensive activity of
crop growth either above or below ground. Therefore, it
contribute more organic C especially from root activity.
Plant roots during the growth will release organic acids to
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Fig. 5-6: Dynamics of soil physical properties (5) total soil pore vs SOC and

(6) SOC vs rainfall
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Fig. 7-8: Dynamics of soil physical properties

conductivity vs SOC, (8) total pore vs soil BD
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F. Soil Hydraulic Conductivity

The ability of soil to transmit water through its pores or
hydrailc conductivity values of Ultisol during corn
cultivation varied by time. The value increased from the
first to the second and the third stages sharply, and then
decreased back at the fourth stage, and continued decreasing
until the fifth stage. This increase was probably due to soil
cultivation.

Cultivating soil increased soil macro-pore percentage,
therefore, the water became easy to be transmitted through
the pore. However, since the soil had low SOC and high
clay content, the hydraulic conductivity of the Ultisol was
classified as low.

High clay with low soil OC content caused the Ultisol
easy to degrade, especially after being open and tilled for
annual crop farming. The condition was very susceptible to
raindrop impact on the soil surface. As reported by
Yulnafatmawita et al that amount of runoff and soil eroded
were the highest during the last month of corn growth
compared to the first and the second months [10].
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Fig. 9-11: Relationship between (9) total pore and SOM, (10) soil BD and

(7) soil hydraulic sOM, and (11) total pore and soil BD
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Except soil texture, soil physical properties fluctuated [3]
during corn growth in Ultisol under tropical area. This was
not only due to the cultivation process, tillage and root and
canopy development, but it was also affected by the rainfall
received in the area. As reported by Yulnafatmawita andI[4]
Adrinal that there were fluctuations in physical properties of
Ultisol during the cultivation causing changes in the amount
of runoff and soil loss in wet tropical area [7]. [5]

IV. CONCLUSIONS (6]

Based on the results above it could be concluded that
there was fluctuation in soil physical properties under corn 7
cultivation in wet tropical area for one planting season. Soil
moisture content was strongly correlated to rainfall amount.
Soil organic carbon content as well as total soil pore
generally increased by time. On the other hand, soil bulk &
density decreased by time except at last stage. Soil
hydraulic conductivity increased from the beginning until
the third stage and then decreased back from the third to the
fifth stages of corn growth. (9]
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