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Abstract

Supriyadi, S., P. Purwanto, A. Sarijan, Y. Mekiuw, R. Ustiatik and R. R. Prahesti, 2017. The assessment of soil quality
at paddy fields in Merauke, Indonesia. Bulg. J. Agric. Sci., 23 (3): 443448

Indonesia’s agricultural land has potentials to be expanded. To achieve a food security in Papua, Indonesia’s government
has been promoting a program namely Merauke Integrated Food and Energy Estate (MIFEE). The objective of this study is
to determine soil quality on several paddy fields in Merauke District, Papua. Soil samples were gathered from 9 old paddy
fields and 1 new paddy field (as the control). This study used the Principal Component Analysis (PCA) to determine the most
appropriate indicator to form minimum data set (MDS). MDS was taken to calculate the Soil Quality Index (SQI). Some soil
properties were used as indicators which were consist of soil pH, organic carbon (OC), bulk density (BD), particulate organic
matter (POM), Available-N (Av-N) and it represented 89.3% of the variability of data. The results showed that all SQI in the
study sites were lower than location 10/the control site (3.470), except for location 3 which has the same SQI level. In fact,
land use changes from natural into paddy fields or other agriculture lands may degrade soil and land functions. Therefore, the
action requires more efforts to maintain the soil function.

Key words: minimum data set; paddy field; principal component analysis; soil quality; soil quality index
Abbreviations: MIFEE — Merauke Integrated Food and Energy Estate; PCA — Principal Component Analysis; SQI
— Soil Quality Index; MDS — Minimum Data Set; OC — Organic Carbon; BD — Bulk Density; POM — Particulate
Organic Matter

Introduction

Rice is main food for most Indonesian citizen. Rice avail-
ability has big impact on food safety. In Indonesia, it de-
pends on rice import. In 2015 (January-December), the to-
tal of rice imports has reached 1,222 million tons (Santoso,
2015) which is higher than in 2014 approximately 0.815 mil-
lion tons (Statistics Indonesia, 2014). It was mostly caused
by the conversion of agricultural land. Winoto (2005) stated
that the annual rate of paddy field conversion has reached

*Corresponding author: supriyadi.tanah.fpuns@gmail.com

187 720 ha, 56 000 ha in Java and 132 000 ha in other islands
(Irawan, 2005), 58.68% of paddy fields are converted to non-
agricultural activities and to non-rice production activities.
Therefore, the government was forced to maintain the food
security through the opening of new paddy fields.
Furthermore, the paddy soil has easily declined of soil
fertility and soil quality (soil degradation), particularly
which used continuously. Some researcher stated that the
characteristics of rice cultivation are consist of (1) puddling
during land preparation, (2) the provision of water-logging
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and drying during plant maintenance. The land preparation
may lead to the destruction of soil aggregates, which leads
to soil particles and its other physical properties destruction
(Hardjowigeno, 2009) in (Sudaryanto, 2009).

According to Agus and Wahyunto (2003), Sutono et
al. (2003) and Kundarto et al. (2003), paddy fields has the
ability to control erosion and sedimentation; however, soil
puddling may degrade soil particle and it affects to the soil
physical properties, such as water retention, bulk density and
soil permeability (Sharma and De Datta, 1985). Subagyono
et al. (2001) stated that the puddling may increase the soil
bulk density, increasing the run-off water and decreasing soil
quality.

Practically, soil quality is not measureable; however,
some indicators are possible to measure quantitatively. Vari-
ous definitions of the indicators are indicated within the lit-
erature, it suggests an emphasis on measuring and monitor-
ing soil properties that may affect soil’s ability to perform
its proper function. The United States Department of Agri-
culture has defined the indicators of soil quality in terms of
its measurable physical, chemical, and biological properties
to monitor soil changes. In general, the values of indicators
are taken to determine the soil’s ability to fulfill its functions
(Anda, 2002).

In fact, the Soil Quality Index (SQI) has recognized as
a tool to determine an adaptive soil resource management
(Karlen et al., 2001). In particular, this study attempts to in-
vestigate any condition which has a correlation between the
indicators and soil quality status of old and new paddy fields
through the SQI. The results were expected as a reference for
other regions with similar conditions, it includes land man-
agement recommendations which has potential soil quality
maintenance.

Materials and Methods

Study site and soil sample determination

This study was conducted in laboratory and field. Field
study was conducted in Merauke District, Papua. The study
site was located in tropical region (137°-141° E and 6°00’-
9°00’ S). It has monsoon climate zone with warm tempera-
ture (25°-29°C). It has also abundant sun light during the
dry season and substantial rainfall during the wet season.
The average of annual precipitation is approximately 1.513
mm. The slope ranges between 0-45%. The analysis of soil
physical, soil chemical and soil biological properties were
conducted on Laboratory of Soil Biology and Biotechnology
(Faculty of Agriculture), Central Laboratory of Mathematics
and Sciences in the Universitas Sebelas Maret, Surakarta and

the Faculty of Agriculture in Musamus University, Merauke.
This study was conducted on September to November 2015.
The soil samples were taken purposively (purposive sam-
pling) in different area and soil type.

Materials and tools

The materials and tools were used in the field analysis
consist of soil auger, clinometer, pH stick, distilled water,
and other chemicals for soil judgement. The materials con-
sist of disturbed and undisturbed soil from 0~20 cm depth.
Samples were taken from four different points and mixed.
Vegetations and stones were removed from the sample.

Laboratory and data analysis

Soil bulk density (BD — clod method), soil aggregated
stability (SAS — dry and wet sieving method), soil poros-
ity (SP —ratio of BD and particle density method). Soil pH
was determined in 1:2.5 soil-water suspension and mea-
sured using a pH-meter, Cation Exchange Capacity (CEC
— the ammonium chloride-ammonium acetate method),
organic carbon (OC — Walkey and Black method), avail-
able-N (Av-N — Kjeldahl method), Available-P (Av-P —
Bray I method), Available-K (Av-K — Flamephotometer),
electrical conductivity (EC — Conductometer), particulate
organic matter (POM — the size fraction method) (Grego-
rich et al. 2006), and soil respiration (qCO, — titrimetric
method).

The results of data were analyzed by Pearson Correlation
and Principal Component Analysis (PCA). Soil quality was
assessed by SQI (scoring of selected variables). The scores
are between the interval of 0.1~1.0. The high score indicates
that the soil has high quality. SQI formula was based on An-
drews et al.(2004) and Qi at al. (2009) with modification as
follows:

2\ wixsi

SOl =———,
n

where: SQI — soil quality index, W, — the assigned weight
of each indicator, which is gained from selected PC, Si —
the score of the indicator, n — the number of variables in the
refined minimum data set (MDS), SQI — classification was
based on Cantu et al. (2007) to determine soil quality status
in the study site.

Result and Discussion

Soil indicator analysis

Soil indicators consist of physical, chemical and bio-
logical properties of soil. It is used to assess and evaluate
of soil quality (Rahmanipour et al., 2014). Table 1 sum-
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Table 1

Result of soil properties analysis at different paddy field locations in Merauke district, Papua

SL» Av-NY | Av-PY | Av-K9 | pH | BD9(gr. | POM? | OC?® (%) | SPM (%) | SAS? ECY SR (mg. CECY

(ppm) | (ppm) | (pmm) cm?) (%) (%) (dS.m™") | CO /cnv/day) | (cmolkg™)

1 4243 5540 31.25 53 1.32 14.18 2.8 35 54 0.16 0.63 24.78
2 12.73 9132 77.75 5.8 1.33 21.74 2.2 37 50 0.51 0.61 34.30
3 18.77 8547 5539 5.8 1.33 20.86 2.1 41 42 0.19 0.47 30.58
4 5.93 56.55 45.83 4.9 1.22 27.44 2.0 36 53 0.19 0.50 22.52
5 724 5191 3398 53 1.18 24.65 2.5 32 47 0.17 0.43 32.82
6 4.21 5231 13186 5.6 1.31 14.63 2.2 43 41 0.12 0.52 34.30
7 9.64 4260 4431 4.9 1.57 19.63 2.7 38 49 0.16 0.62 30.58
8 449 4601 11336 52 1.64 14.07 2.5 32 46 0.22 0.51 22.52
9 942  48.03 68.35 5.0 1.20 20.96 2.8 39 48 0.15 0.44 34.87
control 10.80 42.52 122.69 5.5 1.15 26.46 2.9 51 49 0.09 0.67 36.56

9 sample location, ® Available-N, © Available-P,¥ Available-K, @ bulk density,  particulate organic matter, & organic carbon,  soil porosity, ? soil aggregate

stability,  electrical conductivity, ¥ soil respiration, " cation exchange capacity

marizes the current condition of all soil indicators which
were measured. The result indicated that BD in Loca-
tion (5), (9) and Control were lower than 1.2 [g.cm™], it
is categorized as an optimal value (Wander et al., 2002).
Low BD indicates as good condition, it means that soil
has good soil pore, root penetration, water and air circula-
tion and soil aggregates (Macci et al., 2012; Mondal et al.,
2015). According to Wander et al. (2002), the optimum
of SP ranges between 40-60%, it was in Location (3), (5)
and Control.

Based on the Indonesian Agency for Agricultural Re-
search and Development (2006), SAS in Location (1) was
slightly solid (54%) and Location (6) was inadequately
solid. On the other hand, based on the Indonesian Soil Re-
search Institute (2005), soil pH was acid (<5.5); OC was
moderate (2-3%); Av-N was high in Location (1), moder-
ate in Location (2), (3), (7), (9) and Control, and low in
the rests; CEC was 30.18 in all locations and considered as
high (25-40 cmol.kg"); EC was very low in all locations
(<0.1 dS.m™"); and Av-K was moderate in Location (1) and
(5) (20-40 ppm), high in Location (3), (4) and (7) (40-60
ppm), and very high in the rests (>60 ppm). According
to Wander et al. (2002), Av-P in all locations were high
(>15 ppm), while soil respirations were also high (>0.132
mg CO,.gr"). High soil respiration rate indicates that bio-
logical activities occur at higher and faster pace than the
decomposition of organic matters (Supriyadi et al., 2012),
and it is able to supply of plant nutrients (Lu et al., 2015).
It can be maintained by organic and mineral fertilizer with
10 t/ha of manure or with equivalent amount of mineral
fertilizers for long time period (Kosolapova et al., 2016).
The soil properties in cultivated soils are generally lower
than in the native grassland (Kilic et al., 2011).

The correlation of soil quality indicators

Soil quality indicators were analyzed by Pearson Cor-
relation Analysis to determine the relationship among vari-
ables (Li et al., 2013) and it presents on Table 2. The re-
sult shows that there were correlations among variables i.e.
pH-Av-P (0.694), OC-Av-P (-0.637), EC-Av-P (0.742) and
Av-Mg— CEC (0.764). Negative correlation indicates that
the indicators negatively affect each other, if an indicator in-
creases then the other will decrease. On the other hand, posi-
tive correlation indicates that the indicators are correlating in
a line. soil pH in the study site was is between 4.9-5.8 lower
than the minimum range of optimum pH for the availability
of P, it leads to a positive correlation between pH and Av-
P(Rastija et al., 2010).

Furthermore, liming and other activity to increase soil
pH has positive influence on soil Av-P (Rahman et al.,
2002). CEC and Av-Mg has positive correlation, Mg is one
of the main bases to determine CEC, high Mg will increase
CEC and vice versa (Rayment and Higginson, 1992; CUCE,
2007). Positive correlations between Av-P and EC are gener-
ally present in sodic soils due to the presence of sodium car-
bonate that is form soluble sodium phosphates and improves
the status of dissolved P (FAO, 1988).

Minimum data set and soil quality index calculation

PCA method is a data reduction tool to select some of
potential indicators in the study site (Qi et al., 2009)a wide
variety of methods are used to evaluate soil quality using
vastly different indicators. A universally accepted method
of soil quality evaluation would assist agriculture manag-
ers, scientists, and policy makers to better understand the
soil quality conditions of various agricultural systems. This
study analyzes the soil quality of Zhangjiagang County, a
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Table 2

Result of soil quality correlation analysis at paddy fields in Merauke

Var' | Av-NY | Av-PY | Av-K9 | pH | BD® | POM? | OC® | SP" | SAS" | EC? | SRY | CEC’ | Av-Nam | Av-Ca”
AP 0.221

AK -0.462  -0.179

pH 0.133  0.694*  0.355

BD -0.059 -0.081  0.095 -0.186

POM -0.323  0.077 -0.223 -0.064 -0.630

oC 0312 -0.637* -0.013 -0.387 -0.002 -0.124

SP -0.071 -0.106  0.526  0.328 -0.405 0281 0.219

SAS 0390 -0.151 -0.492 -0.515 -0.151 0.297 0314 -0.220

EC 0.007 0.742* 0.083 0372 0.182 0.030 -0422 -0.355 0.184

SR 0.405 -0.052 0.161 0.138 0.159 -0.065 0391 0432 0413 0.134

CEC -0.225  0.093 0315 0432 -0473 0265 0221 0617 -0.373 -0.003  0.069

Av-Na  -0.033 0456 -0231 0425 -0.022 -0.109 -0.272 -0.156 -0.437 0316 -0.207 0.496

Av-Ca -0277 0.197 0177 0482 -0.060 0.279 0.070 0.123 -0.212 0376  0.205 0.592  0.495

Av- 0371 -0.065 0.065 0309 -0.546 0.107 0.603 0586 -0.001 -0.211 0356 0.764* 0.240 0361
Mgo)

» sample location,® Available-N, © Available-P, ¥ Available-K, © bulk density, ? particulate organic matter, & organic carbon, M soil porosity, ” soil aggregate
stability, ¥ electrical conductivity, ¥ soil respiration, " cation exchange capacity, ™ Available-Na, ™ Available-Ca, ® Available-Mg, *significant at 0.05

rapidly developing region of China (n=431. PCA can gen-
erate data in PC (principal component) or a major compo-
nent. PC is linear combination of different variables that
represents the maximum variance of data set. It indicates
that data set represents soil quality in the entire study site.
PC which has eigenvalues equal or higher than 1 was taken
as MDS, in every selected PC was chosen one indicator
with the highest value. The value was taken as weight-
ing index (Wi). PCs which eligible as data set were PC1
to PCS5 (eigen values >1), and it represented 89.3% of the
data variability. Some selected indicators consist of pH (r
=0.469), OC (r = 0.429), BD (r = 0.408), POM (r = 0.496)
and Av-N (r = 0.505), and it presents on Table 3. The results
of PCA analysis were used to calculate SQI, and it presents
on Table 4.

SQI in the control location (new paddy field) was used
to determine the long term effect of paddy field on soil qual-
ity. The results exhibited in Table 4 indicate that soil on the
control location has higher SQI (0.33) than the other, except
for Location (3). It was caused by soil type and tillage meth-
ods. The soil type in Location (3) is Histosols which is com-
posed mainly of organic materials and contains more than
20% organic matter (FAO). It has also very good scores in
particulate organic matter (POM) and bulk density (BD), and
has moderate score in organic matter (OC) content. Farmer
in Location (3) has added manure as crop nutrient source
besides the inorganic fertilizers, and has returned some of
crop residues to the land.

On the other hand, the results indicate that long term
paddy field utilization may decrease soil quality. Subagyono
et al. (2001) stated that the puddling has potential to increase
soil bulk density and run-off, and decrease soil quality. It
requires an effort to prevent soil quality degradation e.g.
changing of cultivation method, improving the status of se-

Table 3
Determination of MDS using PCA

Eigenvalue 29612 26993 20951 18921 10 642
Proportion ~ 0.247 0225  0.175 0.158 0.089
Cumulative 0.247 0.472 0.646 0.804 0.893
Variabel PC112 PC2 PC3 PC4 PC5
Av-N¥ -0.210  -0.082  -0.369  -0.383 0.505
Av-PY 0.278 -0.469  -0.248  -0.070  0.082
Av-K9 0330 0215 0312 -0.232 -0.317
pH 0.469 -0.180  -0.118 -0.263 0.185
BD? -0.201  -0.187  0.408 -0.355 -0.273
POM® 0.119 0.106  -0.371  0.498 -0.290
org-C? -0.238 0429  -0.107 -0.225 0.089
Spe) 0.332 0.409  -0.164  -0.138 -0.056
SASM -0.387  0.009  -0.435  0.038 -0.322
ECY 0.114 -0.452  -0.193  -0.114 -0.425
SRY -0.045  0.159  -0.313  -0.517 -0.381
CECV 0.405 0.259 -0.152  0.012 0.068

YAvailable-N, ® Available-P, © Available-K, 9 bulk density, © particulate
organic matter, ? organic carbon, # soil porosity, " soil aggregate stability,
electrical conductivity, ¥ soil respiration, ¥cation exchange capacity, "
principal component
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Table 4
Soil quality class of each study location in Merauke district, Papua Indonesia
PCA Location
(Wi)" 1 2 3 4 | 5 | 6 7 8 9 [ control
Sio
pH 0.469 0.75 0.75 0.75 0.50 0.75 0.75 0.50 0.75 0.50 0.75
org-C9 0.429 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
1(\:33))8 BD® 0.408 0.75 0.75 0.75 0.75 0.75 0.75 0.50 0.10 0.75 0.75
POMP 0.498 0.50 1.00 1.00 1.00 1.00 0.50 0.75 0.50 1.00 1.00
Av-N# 0.505 1.00 0.50 0.75 0.50 0.50 0.10 0.50 0.10 0.50 0.75
SQmM 0.33 0.32 0.35 0.30 0.32 0.33 0.26 0.18 0.30 0.35
Scale* Li) L M L L L L \Y L M
Class* 4 4 3 4 4 4 4 5 4 3

9 the assigned weight of each indicator,” number of selected MDS, ¢ the indicator score, 9 organic carbon, ®bulk density, ? particulate organic matter, ©

Available-N, " soil quality, ? low, ) moderate, ¥ very low

lected MDS through adding of organic matters (crop resi-
dues or organic fertilizer).

Soil organic matter (SOM) has reported as the most criti-
cal indicator of soil quality and agronomic sustainability due
to its impact on other physical, chemical and biological indi-
cators of soil quality (Reeves, 1997). Gopalakrishnan et al.
(2013) stated that applying organic fertilizers in various SRI-
organic and SRI-organic + inorganic treatments has potential
to enhance the population of indigenous bacteria (Lal et al.,
2000). Organic farming can generate better soil fertility sta-
tus (N, P, K, and OC %), compared to chemical fertilizers.
It is able to enhance microbial activity, increasing the rates
of carbon and nitrogen mineralization and soluble carbon
content (Sharma and Singh, 2004; Singh, 2004). Moreover,
other soil quality indicators linked to SOM e.g. the avail-
able of water capacity for plants (Hudson, 1994) in (Reeves,
1997), infiltration (Pikul and Zuzel,1994) in (Reeves, 1997),
aggregated formation and stability (Boyle et al., 1989), bulk
density (Thomas et al., 1995) in (Reeves, 1997), soil strength
(Ekwue and Stone, 1995) in (Reeves, 1997), CEC (Chen et
al., 1992; Riffaldi et al., 1994) in (Reeves, 1997), soil en-
zymes (Dick, 1984) in (Reeves, 1997) and invertebrate bio-
indicators (earthworm) (Hendrix et al., 1992) in (Reeves,
1997).

Conclusion

The result showed that MDS was consist of 5 indicators
and represented 89.3% of the variability of data, i.e. pH,
organic matter, bulk density, particulate organic matter and
Available-N. SQI in old paddy fields was classified as Class
4 (low). Meanwhile, SQI in control location and Location 3
has high value (0.35). Thus, long term utilization of paddy
field was able to decrease soil quality. To maintain and sus-

tain the productivity of paddy fields, conservation farming is
required e.g. adding of organic matter to improve the physi-
cal, chemical and biological properties of soil.

Acknowledgments

This study wass supported by the Ministry of Higher
Education, Republic of Indonesia, and Universitas Sebelas
Maret, Surakarta.

References

Agus, F. and Wahyunto, 2003. Evaluation of flood mitigation
function of several land use systems in selected areas of West
Java, Indonesia. Paper presented at Japan/OECD Expert Meet-
ing on Land Conservation Indicators, 13-15 May, 2003, Kyoto,
Japan.

Anda, M, 2002. Selection of standard soil quality indicators. Pub-
lication of Indonesian Agency for Agricultural Research and
Develoment, 24: 1-2 (ID).

Andrews, S. S., D. L. Karlen and C. A. Cambardella, 2004. The
soil management assessment framework: A quantitative soil
quality evaluation method. Soil Science, 68: 1945-1962 (US).

Cantu, M. P., A. Becker, J. C. Bedano and H. F. Schiavo, 2007.
Evaluation of soil quality by using indicators and indices. Ct
Suelo, 25: 173-178 (Arg).

Cornell University Cooperative Extension (CUCE), 2007. Cat-
ion exchange capacity (CEC). Agronomy Fact Sheet Series.
Department of Crop and Soil Sciences, College of Agriculture
and Life Sciences, Cornell University.

Food and Agriculture Organization (FAO), 1988. Salt-affected
soils and their management. Food and Agriculture Organiza-
tion of the United Nation, Rome.

Food and Agriculture Organization (FAO), 2016. References
soil groups — Organic Soil — Histosols. Food and Agriculture
Organization of the United Nation.
http://www.cals.uidaho.edu/soilorders/histosols.htm. (Accessed
on 19 January 2016)



448  Supriyadi Supriyadi; Purwanto Purwanto, Abdullah Sarijan; Yosehi Mekiuw, Reni Ustiatik; Renita Ratna Prahesti

Gopalakrishnan, S. et al, 2013. Assessment of different methods
of rice (Oryzasativa. L) cultivation affecting growth parame-
ters, soil chemical, biological, and microbiological properties,
water saving, and grain yield in rice-rice system. Paddy Water
Environ., doi:10.1007/s10333-013-0362-6.

Gregorich, E. G., M. H. Beare, U. F. McKim and J. O. Skjems-
tad, 2006. Chemical and biological characteristics of physical-
ly uncomplexed organic matter. Soil Science Society of America
Journal, 70: 975-985 (US).

Indonesian Agency for Agricultural Research and Develop-
ment, 2006. Soil Physic Analysis Method. Agriculture Depart-
ment, Bogor (1d).

Indonesian Soil Research Institute, 2005. Soil Chemical, Crop,
Water and Fertilizer Analysis. Agriculture Department, Bogor
ad).

Irawan, B., A. Friyatno, A. Supriyatna, I. S. Anugrah, N. A.
Kitom, B. Rachman and B. Wiryono, 2005. Formulation
institutional model conversion of agricultural land. Socio-Eco-
nomic Research Centre, Bogor (1d).

Karlen, D. L., S. S. Andrews and J. W. Doran, 2001. Soil qual-
ity: Current concepts and applications. J Agron, 74: 1-40 (Adv).

Kilic, K., S. Kilic and R. Kocyigit, 2012. Assessment of spatial
variability of soil properties in areas under different land use.
Agricultural Science, 18 : 722-732.

Kosolapova, S., V. Yamaltdinova, E. Mitrofanova, D. Fomin
and I Teterlev, 2016. Biological activity of soil depending on
fertilizer systems. Bulg. J. of Agric. Sci., 22 (6): 921-926 (Bg)

Kundarto M., F. Agus, A. Maas and B.H Sunarminto, 2002. Wa-
ter balance, soil erosion, and lateral transport of N, P, K in rice
field system of Kalibabon catchment, in Semarang. Paper pre-
sented at Preliminary Seminar of Multifunctionality of Paddy
Field, Bogor 2, October 2002 (Id).

Li, P., T. Zhang, X. Wang and D. Yu, 2013.Development of bio-
logical soil quality indicator system for subtropical China. Soi/
and Tillage Research, 126: 112-118 (Ch).

Lu, P. et al., 2015. Effects of application of corn straw on soil mi-
crobial community structure during the maize growing season.
Journal of Basic Microbiology, 55: 22-32 (Ch).

Macci, C., S. Doni, E. Peruzzi, G. Masciandaro, C. Mennone
and B. Ceccanti, 2012. Almond tree and organic fertilization
for soil quality improvement in southern Italy. Journal of Envi-
ronmental Management, 95: 215-222 (It).

Mondal, S., R. D. Singh, A. K. Patra and B. S. Dwivedi, 2015.
Changes in soil quality in response to short-term application of
municipal sewage sludge in a typichaplustept under cowpea-
wheat cropping system. Environmental Nanotechnology, Moni-
toring and Management, 4: 37-41 (Cz).

Qi, Y. et al., 2009. Evaluating soil quality indices in an agricultural
region of Jiangsu Province, China. Geoderma, 149: 325-334 (Ch).

Rahman, M. A., C. A. Meisner, J. M. Duxbury, J. Lauren and A.

B. S. Hossain, 2002. Yield response and change in soil nutrient
availability by application of lime, fertilizer and micronutrients
in acidic soil in a ricewheat cropping system. 17" WCSS, 14-
21 August 2002, Thailand, Symposium No. 05, Paper 773: 1-7
(Th).

Rahmanipour, F., R. Marzaioli, H. A. Bahrami, Z. Fereidouni
and S. R. Bandarabadi, 2014. Assessment of soil quality in-
dices in agricultural lands of Qazvin Province, Iran. Ecological
Indicators, 40: 19-26 (Ir).

Rastija, M., V. Kovacevic, D. Rastija, P. Ragalyi and L. Andric,
2010. Liming impact on soil chemical properties. In: S. Maric
and Z. Loncaric (Eds.) Proceedings of the 45" Croatian & 5™
International Symposium on Agriculture, 15-19 February 2010,
Opatija, Croatia, pp. 124-127 (Cr).

Rayment, G. E. and F. R. Higginson, 1992. Electrical conduc-
tivity. In: Australian Laboratory Handbook of Soil and Water
Chemical Methods, Inkata Press: Melbourne (Au).

Reeves, D. W., 1997. The role of soil organic matter in maintaining
soil quality in continuous cropping systems. Soil and Tillage
Research, 43: 131-167 (Us).

Santoso, D. A., 2015. One year of food sovereignty (In Indonesia).
Kompas, Jakarta (I1d).

Sharma, P. K. and S. K. De Datta, 1985. Effects of puddling on
soil physical properties and processes. In: Soil and Rice. IRRI,
Los Banos, Philipines, pp. 217-234 (Ph).

Statistics Indonesia, 2014. Rice import of 2014.

www.bps.go.id (Accessed on 19 January 2016)

Subagyono, K., A. Abdurachman and S. Nata, 2001. Effects of
puddling various soil types by harrows on physical properties
of new developed irrigated rice areas in Indonesia. In: Proceed-
ing of the Meeting of Indonesian Student Association, Tokyo,
Japan.

Sudaryanto, R., 2009. Rice-field cultivation continuously was ac-
celerated soil weathering. Soil Sciences, 6: 35-42 (1d).

Supriyadi, Sudaryanto and S. Hartati, 2014. The dynamics
population of the heterotrophic and nitrifying bacteria on agro-
forestry system in Keduang Sub Watershed in Bengawan Solo
Hulu Region. In: The 5" International Seminar of Indonesian
Society for Microbiology (ISISM) (Id).

Sutono, S., S. H. Tala’ohu, O. Sopandi and F. Agus, 2003. Ero-
sion in several land use systems in Citarum River Basin. In:
Prosiding Seminar Nasional Multifungsidan Konversi Lahan
Pertanian. Pusat Penelitiandan Pengembangan Tanah danA-
groklimat, Bogor, pp. 113-133 (Id).

Wander et al., 2002. Soil quality: science and process. Agronomy
Journal, 94: 23-31 (Us)

Winoto, J, 2005. The control policy of agricultural land conserva-
tion and implementation. Seminar of The Management of Land
Conservation and Timeless Agricultural Land Achievement.
December 13, Jakarta (Id).

Received December, 29, 2016, accepted for printing May, 3, 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


