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Abstract: Pore characteristics were describe the quantity, size, distribution, continuity, and stability of the soil pores and are strongly
influenced by the amount of organic matter, the type and amount of clay, moisture, soil compaction, land management and land use.
Common land uses in Jeneponto Regency are Cultivated and follow. This research aims to know pore characteristic at different depths
on Cultivated field and a follow. Location, Thesoil sampling, is located respectively in Bajipamae, Punagaya Village, Bangkala
Subdistrict, Jeneponto Regency. Soil samples were taken at depths of 0-15, 15-30, 30-45, and 45-60 cm at three points for each type of
land used. Observation parameters include organic materials, texture, total pores, pore size distribution and pore stability. The results
showed no real effect between land use type and depth of soil to organic matter and sand distribution, significantly affect the distribution
of silt, and real interaction on the distribution of clay. Total soil porosity is significantly affected by the depth of soil. Land use and soil
depth have a significant effect on pore diameter <0.2 μ or micropore, and no significant effect on pores of > 28.8 μ, 8.6-28.8 μ, and 0.28.6 μ pore diameters and pore stability.
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1. Introduction
Soil porosity is defined as a functional space that connects
the body of the soil to its environment [1]. Soil pore plays an
essential role in determining the physical, chemical and
biological properties of the soil [2],[3],[4],[5],[6],[7].
Pore characteristics illustrate the amount, size, distribution,
continuity and stability of the soil pore [8]. Soil pore
characteristics play a significant role in determining the
movement of water in the soil and affecting the soil's ability
to retain water [8],[9]. As a system, each character will
affect each other. Any changes to one character will affect
the other. Changes to the pores will reduce the number, size,
and quantity of pores [10].
The soil pore system is strongly influenced by many factors
such as the amount of organic matter, type and amount of
clay, moisture, soil compaction and soil management
[11],[12], [13],14].

expanding and shrinking on clays such as Vertisol can cause
destruction and clay movements that cause clogged pores
[25], this is a phenomenon that can disrupt pore stability
because it reduces the size and number of pores. Thus in
addition to the amount of pore, other pore characters such as,
pore size distribution and pore stability are essential pore
characters observed.
Ulfiyah (2014) reported that based on the map delineation
results in Jeneponto, there is about 800 ha of dryland soil
that can be ascertained as vertisol [26]. Until now there is no
semi-detailedlevel soil map level so that the possibilities of
soil classified as grumusol and mediteranwere Vertisol.
Common land use types on Vertisol in Jeneponto are
seasonal cultivated and fallow fields. Given the pore nature
is strongly influenced by the land use system, the research to
determine the pore characteristics of the two types of land
use is considered necessary.

2. Methods
The shape and number of pores are strongly influenced by
soil clay content [15], [16]. Vertisol is a soil with high clay
content. The clay content of vertisol is over 30% in all
horizons, with montmorillonite being the dominant clay
mineral [17]. One of the essential properties of
montmorillonite is it is expanded and shrinking properties
associated with changes in groundwater content [18]. The
process of expanding and shrinking of the soil with high
clay content significantly affects the pore changes [19],[20].
The most common pore characterization is the pore size
distribution [21], [6],[22] . The distribution of pore size is
essential in understanding various processes in soil such as
the availability and movement of water in the soil [23], [2],
[24], [22]. Aydin et al. (2004) found that the process of

2.1. Soil
Soil sampling were located in BajipamaeandPunagaya
Village, Bangkala Subdistrict, Jeneponto Regency. A total of
24 soil samples were taken from Vertisoldeveloped on
limestone. The land where the soil sampling is selected from
two types of land usethat is cultivated (C) and fallow (F)
land. The two fields are located on the same stretch with a
slope of 0-8%. Soil sampling was done using a sample ring
at depths of 0-15, 15-30, 30-45, and 45-60 cm for porosity
analysis and pore size distribution. For sampling pore
stability analysis was done by intact aggregate sampling
technique. Sampling is done as many as 3 points which are
used as replication on each type of land used.
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2.2 Soil Analysis

3. Result and Discussion
Organic material is analyzed by a walkey and Black method,
soil texture was analyzed by hydrometer method. Porosity is
determined by the weight value of particle content and
weight by using a gravimetric method as follows: Number of
pores (% volume) = (1 BI / BJP) X 100%, where BI is bulk
density and BJP is particle density of 2.65 (Hillel, 1986)
[27]. Determination of pore size distribution using Pressure
Plate method of apparatus on pF 1, pF 2, pF 2.54 and pF 4.2
(Capillarity and pF curve equations) (Richard and Fireman,
1943) [27]. Pore diameter> 28.8 μ is the difference between
total pore and pF 2, pore diameter 8.6-28.8 μ (pF 2), pore
diameter 0.2-8.6 μ (pF 2.54-2), pore diameter <0.2 μ (pF
4.2) (de Bootd, 1972) [28]. The determination of pore
stability is based on the value of aggregate stability since the
pores are on the aggregate of the soil. The determination of
aggregate stability and aggregate size distribution follows
De Leenheer and De Boodt (1959) in De Boodt, De
Leenheer, and Kirkham (1961)[29]. Next set the aggregate
stability index.
2.3. Statistic Analysis
The result data were analyzed by using variance analysis and
followed by LSD at 5% level using STAR (Statistical Tool
for Agricultural Research)

Table 1: Descriptive statistic of soil properties and pore
characteristics
Soil properties and Pore
Characteristics
Organic matter (%)
Sand (%)
Silt (%)
Clay (%)
Porosity (%)
Pores Size Distribution (µ)
> 28.8
8.6-28.8
0.2-8.6
< 0.2
Pore Stability

Means
4.61
1.58
25.19
73.23
56.68

Parameter
St. Dev CV (%)
0.3242
6.83
0.4584 34.11
8.7
21.66
8.71
7.34
4.16
5.98

4.12
13.1
17.65
32.21
36.96

3.78
6.69
4.27
2.89
7.02

83.32
53.44
24.76
5.21
18.55

The results of statistical analysis in Table 1 show the
properties of the soil spread usually. The smallest coefficient
variance (CV) was found in pores < 2 μ diameter of 5.21%
and the most substantial CV for pore diameter> 28.8 μ was
83.32%. According to Juri et al., (1989) soil porosity has a
CV of about 10%, the diversity of water content at 15 bar
has a CV ranging from 15 to 50%, and soil properties
associated with water and gas movement can have CV >
100% [30].

Table 2: Distribution of Sand, Silt, and clay in cultivated and Fallow land at various depths of soil
Sifat Tanah
Depths
0-15 cm
15-30 cm
30-45 cm
45-60 cm

Organic Matter
C
F
4.495±0.25 4.346±0.27
4.410±0.24 4.870±0.04
4.845±0.10 4.676±0.24
4.730±0.10 4.493±0.09

Sand
C
F
1.500±0.29 1.667±0.33
1.500±0.29 1.667±0.33
1.500±0.29 1.667±0.33
1.500±0.29 1.667±0.33

Silt
Clay
C
F
C
F
10.500±2.02 28.333±1.45 88.00a±1.73 70.00a±1.15
16.500±4.91 29.667±1.67 82.00a±4.62 68.67a±1.33
28.500±1.44 34.333±2.40 70.00b±1.15 64.00a±2.65
27.000±0.58 26.667±6.17 71.50b±0.87 71.67a±6.36

Note : numbers followed by different letters are statistically different (P<0.05) C is cultivated and F is fallow
3.1. Organic Matter
The result of variance analysis in Table 2 shows that land
used type and depth of soil have no significant effect on the
amount of organic matter. Soil organic matter in the study
area about 4.61 %.Research Ristori et al. (1992) reported
that organic content of Vertisol in Tanzania was 2.9%, in
Texas around 2.17%, and Zimbabwe at 2.20% [31]. Dudal
(1965), reported that Vertisol growing in Africa has an
organic content ranging from 0,5-2% [32], in Mexico some
of Vertisol has an organic material content of 2.8% [33].
There is no difference in the status of organic matter either
on the ground or the ground used for maize cultivation. As
with other soil types, organic matter in vertisol is formed by
the effects of vegetation and land use and the effect of
temperature on tropical regions such as Indonesia[33]. Soil
under legumes vegetation usually have a relatively high
organic material and slowly decreases if it continues to be
used for cultivatedland [34]. The high content of organic
matter is caused by the limited use of land only once a year
and the soil that is consumed by vegetation. Loss and
replenishment of organic matter are influenced by land
management practices such as cropping, fertilizing and
planting systems with legumes and grasses [35].

In addition to limited land use, the process of expanding and
shrinking in vertisol can affect the process of mineralization
of organic materials and microbial development [24]. Clay
mineral in Vertisol increases the protection against organic
material due to the complex bonding between organic and
clay materials [36] and the traps of organic and microbial
matter in aggregates [37].
3.2.

Soil Texture

The variance analysis indicate that land used type and soil
depth do not affect the distribution of sand but affect silt
distribution (Table 3), and there is an interaction between
land used type and depth of soil to clay distribution.
Table 3: Effect Land Used Type and Level of Soil Depth on
silt Particle Distribution
Parameter

Silt (%)
Land Use

Cultivated
Fallow

20.62 b
29.75 a
Depths

0-15 cm
15-30 cm
30-45 cm
45-60 cm

19.42 c
23.08 bc
31.42 a
26.83 ab
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Note: numbers followed by different letters are statistically
different (P<0.05)
Based on LSD further test at 5%, it is seen that the
interaction of soil depth of the type of land used shows that
the clay distribution on cultivated land decreases withsoil
depth, whereas in the fallow land there is no difference of
clay content at a various depth of soil (Table 2). Comparison
of land used type interaction at soil depth level showed that
the real difference of clay content between fallow and
cultivation land occurred at soil depth of 0-15 and 0-30 cm,
and at 30-45 and 45-60 cm soil depth there was no
significant difference of clay content between cultivated and
fallow land (Fig 1).

Figure 1: Distribution of Clay on Cultivated Land and
Fallow at various depths of the Land
Note: numbers followed by different letters are
statistically different (P<0.05)

3.3. Pore Characteristics
3.3.1 Porosity
Table 4: Porosity and pore stability in cultivated and fallow
Land at various depths of soil
Porosity
Depths
C
F
0-15 cm 60.756 ±1.42 60.565±2.10
15-30 cm 55.093±2.29 53.020±3.42
30-45 cm 54.843±2.18 59.245±0.88
45-60 cm 52.956±0.00 56.980±1.31

Pores Stability
C
F
31.320±3.19 39.805±6.63
32.813±1.86 33.910±0.40
40.126±7.12 38.195±3.72
35.676±3.09 43.865±0.22

The result of variance analysis shows that there is no
significant difference of total porosity of soil in fallow and
cultivated land, the difference inded is found in soil depth
level where soil porosity decreases with increasing of soil
depth. The high porosity of the soil in the surface area is
caused by the input of good organic matter in the form of
maize crop residue embedded in the cultivated land and crop
residue that grow on the fallow field. The total porosity will
increase depending on the amount and type of compost
material added [38], [11], [16]. Garza et al. (2009) reported
that the addition of organic matter in the form of maize
residue could increase the total porosity in Vertisol soil [39].
3.3.2. Pore Size Distribution
The results of variance analysis showed no significant
difference for pore diameter> 28.8 μ, 8.6-28.8 μ, and 0.2-8.6
μ on cultivation area and fallow field, as well as soil depth
level. However the real difference is that on the micropore
(diameter of < 0.2 μ. Further LSD test results at 5%
indicated
that the cultivated area has a amount of
micropores of 33.67% and it is significantly different with
the fallow area which is about 30.75%. The level of soil
depth affects the number of micropores, where the
micropore increases with increasing soil depth. The soil pore
system is strongly influenced by soil organic matter, clay
content and type, moisture, compaction and soil
management[11], [12], [13], [14]. The result of the analysis
showed that there was no real difference of organic material
with increasing of soil depth, higher clay content at soil
surface did not causehigh amount of micropore on the
surface, this was caused by plant root activity at 0-15 cm
depth causing the aggregation process to increase the
number of micropores diameter.

Figure 2: Soil Porosity at various depths of soil
Note: numbers followed by different letters are statistically different (P<0.05)
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Table 5: Pore Size Distribution on Cultivated and Fallow Land at Various Depths of Soil
Depths
0-15 cm
15-30 cm
30-45 cm
45-60 cm

>28.8
C
5.000 ±3.06
3.333 ±0.88
5.333 ±2.40
2.333 ±0.33

F
2.000 ±0.00
1.500 ±0.29
9.500 ±3.75
4.000 ±1.15

Pore Size Distribution (µ)
8.6-28.8
0.2-8.6
C
F
C
F
18.000±4.51 10.000±1.15 19.000±5.69 21.500±1.44
10.000±4.18 16.333±2.89 15.667±3.33 15.500±1.44
9.000±6.39 11.333±0.58 19.667±0.33 16.500±1.44
15.500±6.49 14.667±0.29 18.333±0.88 15.000±0.58

3.3.3. Pore Stability
The results of variance analysis showed no effect of land
used type and soil depth on pore stability (Table 4). Soil
pore stability ranges from 28.33 to 51.28% and is classified
instability index class is not steady until somewhat steady. In
general, soil aggregate stability is determined by the amount
of organic matter as well as iron oxide in the soil. The
organic matter cycle is instrumental in influencing soil
aggregation through the process of humification, the activity
of soil microorganisms and exudates produced by soil
microorganisms [40], [41]. Studies show that there is a
contradiction of the role of organic matter in soil
aggregation. Whitbread et al. (1998) state that there is a
correlation between the amount of organic C and aggregate
formation in Vertisol (Gray Clay) [42], but there is no
correlation between organic C and aggregate formation in
Vertisol (Black Earth). Furthermore, Bravo-Garza and Bryan
(2010) reported that intensive land use correlated with
aggregate reduction and organic C loss, but no association
was found for the same parameters on uninterrupted land
[33].
The process of expanding and shrinking on smectite can
affect the process of mineralization of organic matter and
microbial activity[24]. Smectite improves the protection of
organic materials due to the complex bonding of organic and
clay materials [36] and the traps of organic and microbial
matter in aggregates [37]. Pore changes due to expanding
and contracting processes affect microbial activity that
ultimately affects the rate and yield of mineralization [43].
Provision of organic matter increases the formation of
macroaggregates (> 200 mm), but the process of expanding
and contracting effects macroaggregate formation and
stabilization [39].

4. Conclusion
The result of statistic analysis shows that there is no real
effect between land use type and depth of soil to organic
matter and sand distribution, real significant effect on silt
distribution, and real interaction on clay distribution. Total
soil porosity is significantly affected by soils depth. Land
use type
and soil depth have a significant effect
onmicropore(diameter <0.2 μ) and no significant effect on
pores of diameters > 28.8 μ, 8.6-28.8 μ, and 0.2-8.6 μ pore
diameters and pore stability.

References
[1] Lal, R. dan M. K. Shukla. 2004. Principles of soil
physics. Marcel Dekker, Inc.New York
[2] Pagliai, M., Vignozzi, N. and Pellegrini, S. 2004. Soil
structure and the effect of management practices.Soil
Till. Res. 79: 131-143.

<0.2
C
F
31.000 ±0.56 27.500±1.44
33.666 ±0.67 33.500±0.87
34.333 ±1.33 30.000±1.15
35.666 ±0.67 32.000±0.58

[3] Hajnos, M., Lipiec, J., Swieboda, R., SokoÃlowska, Z.
and Witkowska-Walczak, B. 2006. Complete
characterization of pore size distribution of tilled and
orchard loamy soil using water retention curve, mercury
porosimetry, nitrogen adsorption, and water desorption
methods. Geoderma. 135: 307-314
[4] Oorts, K., Bossuyt, H., Labreuche, J., Merckx, R. and
Nicolardot, B. 2007. Carbon and nitrogen stocks in
relation to organic matter fractions, aggregation and
pore size distribution in no-tillage and conventional
tillage in northern France. Eur. J. Soil Sci. 58: 248-259.
[5] Smucker, A. J. M., Park, E. J., Dorner, J. and Horn, R.
2007. Soil micropore development and contributions to
soluble carbon transport within macroaggregates.
Vadose Zone J. 6:282-290.
[6] Munkholm, L. J., Heck, R. J. and Deen, B. 2012. Soil
pore characteristics assessed from X-ray micro-CT
derived images and correlations to soil friability.
Geoderma. 181-182: 22-29.
[7] Sleutel, S., Bouckaert, L., Buchan, D., Van Loo, D.,
Cornelis, W.M. and Sanga, H. G. 2012. Manipulation of
the soil pore and microbial community structure in soil
mesocosm incubation studies. Soil Biol. Biochem. 45:
40-48.
[8] Kay, D. 1990. Rates of changes of soil structure under
different cropping systems. Adv. Soil Sci. 12:1-52.
[9] Hillel,
D.,
1980.
Fundamentals
of
Soil
Physics.Academic Press. New York
[10] Wahjunie, E.D., Haridjaja, O., Soedodo, H., Sudarsono.
2006.
Pergerakan
air
tanahpadaporiberbedadanpengaruhnyapadaketersediaan
air bagitanaman. Jurnal Tanah danIklim28 : 15-26
[11] Fox, D. M., Bryan, R. B. and Fox, C. A. 2004. Changes
in pore characteristics with depth for structural
crusts.Geoderma. 120: 109–120.
[12] Kutilek, M., Jendele, L. and Panayiotopoulos, K. P.
2006. The influence of uniaxial compression upon pore
size distribution in bi-modal soils.Soil Till. Res. 86: 2737.
[13] Wairiu, M. and Lal, R. 2006. Tillage and land use
effects on soil microporosity in Ohio, USA and
Kolombangara, Solomon Islands. Soil Till. Res. 88: 8084
[14] Chun, H. C., Gimenez, D. and Yoon, S. W. 2008.
Morphology, lacunarity and entropy of intra-aggregate
pores: Aggregate size and soil management effects.
Geoderma.146: 83-93
[15] Sheng Gao Lu, Zaffar, M, Dan-Ping Chen, Cheng-Feng
Wu. 2014. Porosity and pore size distribution of Ultisols
and correlations to soil iron oxides. Catena 123:79-87
[16] Zaffar, M., Gao, L.S. 2015. . Pore size distribution of
clayey soils and its correlation with soil organic matter.
Pedhospere 25: 240-249.

Volume 7 Issue 6, June 2018
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20182698

DOI: 10.21275/ART20182698

300

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296
[17] FAO. 1990. Soil Map The World,1 : 5.000.000.
Vol.1,Legend (Legend Sheet and Memoir), Paris.
[18] Saiyouri N, Tessier D, Hicher PY (2004) Experimental
study of swelling in unsaturated compacted clays. Clay
Mineral 39:469–479
[19] Balbino, L. C., Bruand, A., Brossard, M., Grimaldi, M.,
Hajnos, M. and Guimar~aes, M. F. 2002. Changes in
porosity and microaggregation in clayey Ferralsols of
the BrailianCerrado on clearing for pasture.Eur. J. Soil
Sci. 53: 219-230.
[20] Alaoui, A., Lipiec, J. and Gerke, H. H. 2011. A review
of the changes in the soil pore system due to soil
deformation: A hydrodynamic perspective. Soil Till.
Res. 115-116: 1-15
[21] Cameron, K. C. and Buchan, G. D. 2006. Porosity and
pore size distribution. In Lal, R. (ed.) Encyclopedia of
Soil Science.
[22] Strong, D.T., De Wever, H., Merckx, R., Recous, S.,
2004. Spatial location of carbon decomposition in the
soil pore system. Eur. J. Soil Sci. 55: 739–750
[23] Lipiec, J., Kus, J., Slowinska-Jurkiewicz, A.,
Nosalewicz, A., 2006. Soil porosity and water
infiltration as influenced by tillage methods. Soil
Tillage Res. 89, 210–220.
[24] Six, J., Paustian, K., Elliott, E.T., Combrink, C., 2000.
Soil structure and organic matter: I. Distribution of
aggregate-size classes and aggregate associated carbon.
Soil Sci. Soc. Am.J. 64: 681–689
[25] Aydin, M., T. Yano, dan S. Kilic. 2004. Dependence of
zeta potential and soil hydraulic conductivity on
adsorbed cation and aqueous phase properties. Soil
Sci.Soc. Am. J. 68:450-459.
[26] Ulfiyah, A., R. 2014. Karakteristik, Genesis
danKlasifikasi
Tanah
Vertisol
di
KabupatenJeneponto.Disertasi.
Program
PascaSarjanaUnhas
[27] Richards, L. A., and L. A. Fireman. 1943. Pressure plate
apparatus for measuring moisture sorption and
transmission by soils. Soil Sci. 56: 395-404.
[28] De Boodt, M. 1972. Soil Physics.International Training
Center for Post Graduate in Soil Scineces.State
University of Ghent, Belgia.
[29] De Boodt, M., De Leenheer, L., dan Kirkham, D. 1961.
Soil aggregate stability indexes and crop yield. Soil Sci.
91:138-146.
[30] Jury, W.A., Sposito, G., White, R.E., 1989. A transfer
function model of solute transport through soil. I.
Fundamental conceps. Water Resources Research.22 :
243-247
[31] Ristori, G.G., Sparvoli, E., de Nobili, M., D’Acqui,
L.P., 1992. Characterization of organic matter in
particle-size fractions of Vertisols.Geoderma, 54 : 295305
[32] Dudal, R. (1965); Dark Clay Soils of Tropical and
Subtropical Regions. Agric. Dev. Paper 83, FAO,
Rome, Italy.161 p.
[33] Bravo-Garza, M.R., Voroney, P., Bryan, R.B., 2010.
Soil properties along cultivation and fallow time
sequences on Vertisol in Northeastern Mexico. Soil
Science Sosiety of America Journal 69 : 473-481
[34] Gosh, P.K., Bandyopadhyay, K.K., Wanjari, R.H.,
Manna. M.C., Misra, A.K., Mohanty, M., Rao, A.S.,
2007. Legume Effect for Enhancing Productivity and

Nutrient Use-Efficiency in Major Cropping Systems–
An Indian Perspective: A Review, Journal of
Sustainable Agriculture, 30 (1) : 59-86
[35] Manna, M.C., Swarup, A., Wanjari, R.H., Ravankar, H.
N., Mishra, B., Saha, M.N., Singh, Y.V., Sahi, D.K.,
Sarap, P.A., 2005. Long-term Effect of Fertilizer and
Manure Application on Soil Organic Carbon Storage,
Soil Quality and Yield Sustainability under sub-humid
and Semi-arid Tropical India. Field Crops Res 93 : 264280.
[36] Ransom, B., Kim, D., Kastner, M., Wainwright, S.,
1998. organic matter preservation on continental Slope:
Importance of Mineralogy and Surface Area 62(8) :
1329-1345.
[37] Golchin, A., Oades, J.M., Skjemstad, J.O., Clarke, P.,
1994. Soil structure and carbon cycling. Australian
Journal of Soil Research 32 : 1034-1068.
[38] Marinari, S., Masciandaro, G., Ceccanti, B. and Grego,
S. 2000. Inﬂuence of organic and mineral fertilisers on
soil biological and physical properties.Bioresource
Technol. 72 : 9–17.
[39] Bravo-Graza. M.R., Bryan, R.B., Vorenay, P., 2009.
Influence of Wetting and Drying cycles and maize
residue addition on formation of water stable aggregates
in Vertisol. Geoderma151 : 150-156
[40] Chenu, C., Stotzky, G. 2002. Interactions between
microorganisms and soil particles. In: Huang, P.M.,
Bollag, J.M., Senesi, N. (Eds.), Interactions between
Soil Particles and Microorganisms. Impact on
Terrestrial Ecosystem, John Wiley & Sons Ltd.,
England, 4-29 pp.
[41] Puget, P., Chenu, C., Balesdent, J., 2000. Dynamics of
soil organic matter associated with particle-size
fractions of water-stable aggregates. European Journal
of Soil Science 51 : 595-605
[42] Whitbread, A.M., Lefroy, R.D.B., Blair, G.J., 1998. A
survey of the impact of Cropping on soil physical and
chemical properties in north western New South Wales.
Australian Journal of Soil Research 36 : 669-681
[43] Baldock, J.A., Skjemstad, J.O. 2000. Role of the soil
matrix and minerals in protecting natural organic
materials
against
biological
attack.
Organic
Geochemistry 31 : 697-710

Volume 7 Issue 6, June 2018
www.ijsr.net
Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20182698

DOI: 10.21275/ART20182698

301

