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Abstract

The high demand of rice is fulfilled by intensification, particularly with the use of chemical
fertilizer that allegedly causes land and environmental problems in a long term. As public awareness
of environmental health rises, more rice fields are managed organically and semi-organically, but
there are still many that manage rice fields inorganically. Assessment of soil quality of the three
types of rice field management is important to prove that organic rice fields have better soil quality
than semi-organic and inorganic rice fields, as well as to evaluate soil conditions on the location.
This research was conducted in Girimarto, Wonogiri, Indonesia, using a descriptive explorative method
with a survey approach on three points of each management system of rice fields, which are organic,
semi-organic and inorganic rice fields. Statistical analysis was performed by Pearson correlation
analysis and principal component analysis (PCA) to determine the indicators affecting soil quality,
which are called the minimum data set (MDS). There were selected indicators in this research, including
total microbes, base saturation, cation exchangeable capacity and organic carbon. Based on the results
of the study, organic rice fields have the best soil quality with a score of soil quality index (SQI) of 2.3,
compared to semi-organic rice field SQI (2.2) and inorganic rice field SQI (1.7). The results indicate
that organic management contributes to better soil quality and environment.
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INTRODUCTION

Rice is the main staple food for the people
in Indonesia. The need of rice is increasing
every year, encouraging farmers to make an effort
to increase rice production by intensification.
Intensification is implemented by using chemical
fertilizers in the fields but prolonged use of
fertilizers has caused environmental problems
(Supriyadi et al., 2017). Increased agricultural,
fishery and livestock activities to meet the needs
of life contaminate water, air and soil (Haryuni
et al., 2020). Supriyadi et al. (2017) stated that
continuous use of rice fields can cause a decrease
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in soil fertility and quality (land degradation).
Moreover, massive continuous use of inorganic
fertilizers has a negative impact on the
environment and productivity of agricultural
land (Supartha et al., 2012). The use of excessive
chemical fertilizers can decrease soil quality in
the future (Dewanto et al., 2013). The increasing
intensity of fertilizer use has made agricultural
intensification have a negative impact on the
ecosystem. The wuse of chemical fertilizers
always has an impact on biological fertility and
the physical condition of the soil. In comparison
with chemical based intensive inorganic farming,
organic farming have advantageous effects on
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the various aspects of environment, such as soil,
water and biodiversity, as well as human health
(Maharjan et al., 2017).

Soil quality is defined as the capacity of
particular types of soil to function, within
the boundaries of ecosystems that are maintained
or managed naturally, to support animal
plants and products, keep or improve water and
air quality, and support human health and
shelter (Cherubin et al., 2016). Soil quality
and environmental health can decrease due to
the continuous use of inorganic fertilizers or
chemical fertilizers. Inorganic fertilizers that
are given to the soil in the long term can affect
the physical and chemical properties of the soil,
such as damage to soil structure, decreased levels
of organic matter in the soil and environmental
pollution (Isnaini, 2005).

Organic farming systems are one way to
overcome land degradation and improve soil
quality. An organically management of rice
fields contributes to better soil quality than
inorganic ones (Supriyadi et al., 2018). Girimarto
Sub-district in Wonogiri Regency, Central Java
Province of Indonesia, is one of the areas
having an organic farming system in rice fields
to produce rice. Assessment and comparison
of soil quality in organic, semi-organic and
inorganic rice fields are important to identify
and prove that organic land management
contributes to the soil quality.

Most soils in Indonesia generally have low
C-organic content due to high temperatures and
low decomposition rates, as well as low organic
matter returns. These problems can be overcome
by implementing an organic rice system, one
of which is by utilizing organic fertilizer (Mujiyo
et al., 2015). Organic farming contributes to
environment healthier because it reduces the use
of synthetic chemicals. Organic materials used
for agriculture with organic processing are
obtained from agricultural residues. The organic
materials can come from agricultural waste,
green manure, weeds and livestock manure
(Anshori et al., 2016).

Decreasing levels of soil organic matters
can be due to excessive tillage, which is not
kept in balance by organic fertilizer application.
Organic matter content is also influenced by
aerobic/anaerobic atmosphere in the land.
Mineralization of organic matter is easier to occur
on dry rice fields with an aerobic atmosphere
compared to rice fields with anaerobic

atmosphere. Clay content also affects the soil
organic matter content. Soils with high clay
content mostly contain higher organic matter
compared to soils with low clay content
(Tangketasik et al., 2014)

Soil management with conventional, organic
and low input systems increases soil microbial
biomass by the presence of high organic material
inputs in conventional farming system and
low inputs (Prihastuti, 2011). Rice planted with
organic farming system is proven to produce
higher yields than rice planted with inorganic
(conventional) farming system. This can be seen
when physiologically mature rice and organic rice
remain having more green yellow seeds (17.6%)
than rice planted with inorganic processing
systems (15.2%) (Priadi et al., 2017). Thus, it can
be said that organic farming can create a healthy
environment (Anshori et al., 2016). Organic
farming uses natural resources to improve
land productivity and avoid the use of chemicals.
This type of farming can increase productivity
and soil health.

The addition of organic matter can improve
the quality of soil properties. If soil organic
matter decreases, it can cause an increase in soil
weight and a decrease in soil porosity. Organic
matter can change the biological properties of
soil by intensifying soil microbial populations.
Increased microbial population causes soil
dynamics to improve and become naturally
healthy. The ability to change the biological
properties of the soil in a positive direction
can increase microbial populations that benefit
plants and make plants grow healthy (Prihastuti,
2011). The soil degradation potency in Girimarto
is low, which is generally related to soil quality
(Mujiyo et al., 2016).

This research is to assess the soil quality
related to the three types of rice fields
management essential to prove that organic
rice fields have better soil quality than semi-
organic and inorganic rice fields, as well as to
evaluate soil condition in the areas. Periodic
soil quality assessment is required to show
the capacity of soil to function effectively at
present and in the future or as the capacity of
a soil to function within ecosystem boundaries
to sustain biological productivity, maintain
environmental quality and promote plant and
animal health, such as the criteria for sustainable
agriculture presented by the FAO. These criteria
are meeting present and future needs of food,
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providing jobs in agriculture, maintaining and
increasing the productivity of natural resources
and making the agricultural sector more resilient
(Chen, 1999).

MATERIALS AND METHOD

Fields survey

This research was carried out in Girimarto
Sub-district, Wonogiri Regency, Central Java
Province of Indonesia, from September to
November 2018. The research location is situated

at 7°46'11.90" South Latitude and 111°4'54.51"
East Longitude. The soil ordo is Inceptisol. Based
on climate type according to Schmidt Ferguson
(1961), Girimarto has a type C climate (rather
wet). Girimarto Sub-district is geographically
positioned at the foot of Mount Lawu, with
altitudes ranging from 470-700 masl (meters
above sea level). Purposive sampling technique
was applied based on the types of land
management, including organic, semi-organic and
inorganic management (Figure 1).

Ta0E T2 e TTAoE TTsoE TSSE TeWE

e

J /
% Jeporo
/ Balepanjang

L.,

AT40E

Kab. Karanganyar

11230E 11320 H10°E 1150E 'SS0E 11640

SOIL SCIENCE DEPARTMENT
FACULTY OF AGRICULTURE
SEBELAS MARET UNIVERSITY
2018
MAP OF SOIL QUALITY
IN GIRIMARTO SUB-DISTRIC
WONOGIRI REGENCY
INDONESIA

45‘ 1:71.552

Legend 7

@  SAMPLING POINT

i [— VILLAGE BOUNDARIES

STREET
RIVER
IRRIGATION RICE FIELDS

ANNUAL RAIN RICE FIELDS

SOURCE :

PETA RUPA BUMI INDONESIA

BY:
;\ INTAN LESTARI PRIMA VERA (H0215021)

11 T0E 18E MGIE

Sampling location was based on the overlay
among the land map of the soil type, the map of
the administration, the map of the distribution
of host rock and the map of land use. Soil samples
at each research point were taken in a composite
manner (Supriyadi et al., 2015), both soil samples
for observation of soil biological properties,
soil chemistry and soil physics. Samples were
obtained at a depth of 0-20 cm from the ground.
In each type of rice field, samples were taken
at three points with three replications to represent
soil conditions in the area.

Laboratory analysis

Analysis of soil physical, chemical and
biological properties were carried out at
the Laboratory of the Faculty of Agriculture,

Figure 1. Map of soil quality in Girimarto Sub-district, Wonogiri, Indonesia

Universitas Sebelas Maret, Surakarta, Indonesia.
The analysis of those properties is presented
in Table 1.

Data analysis

The results of the laboratory analysis of soil
quality indicators were examined using Minitab
software 18. Correlation of soil quality indicators
was studied using the Pearson correlation analysis
and then continued with the principle component
analysis (PCA) to determine the indicators
selected as the minimum data sets (MDS).
Calculation of soil quality was performed by
summing the indicator scores that had been
multiplied by the weight index. Assessment of soil
quality using soil quality index or SQI (Liu et al.,
2014) applied the following formula:
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n
SQI = z Wi X Si
i=1

Description:
Wi = Weighting factor
Si = The indicator score for variable

After the results of data analysis were
obtained, the soil quality index of organic rice
fields was compared with the quality index of
semi-organic and inorganic rice fields to prove
that organically managed rice fields have better
soil quality.

Table 1. Soil physical, chemical and biological properties analyzed in this study

Parameter Analytical method References
Bulk density Pycnometer (Soil Research Institute, 2009)
pH Electrometric (Soil Research Institute, 2009)
Available P Olsen method (Soil Research Institute, 2009)
Soil organic carbon Walkey and black (Soil Research Institute, 2009)
Total N Kjeldahl (Soil Research Institute, 2009)
CEC Ammonium acetate method (Soil Research Institute, 2009)

Base saturation
Exchangeable Al
gCO; Verstraete

Total microbes Total plate count

Carbon microbial
biomass

Ammonium acetate extraction
Potassium chloride extraction

Fumigation and extraction

(Soil Research Institute, 2009)

(Soil Research Institute, 2009)

(Center for Research and Development
Agricultural Land Resources, 2007)
(Center for Research and Development
Agricultural Land Resources, 2007)
(Center for Research and Development
Agricultural Land Resources, 2007)

Note: CEC = cation exchangeable capacity; qCO, = soil respiration

RESULTS AND DISCUSSION

Physical, chemical and biological indicators
were used to evaluate soil quality. Chemical
indicators can give information about the balance
between soil solution and exchange sites.
Physical indicators provide information about
soil hydrologic characteristics, such as water
entry and retention that influence availability
to plants. Biological indicators inform about
the organisms that form the soil food web

responsible for the decomposition of organic
matter and nutrient cycling (Sparling, 2020).
Table 2 demonstrates the results of laboratory
analysis on each type of rice field management
that supports the assessment of soil quality.
The outcomes of this study signify that
the parameters of organic rice have a higher
value than those of semi-organic and inorganic
rice fields, except bulk density, CEC, base
saturation, exchangeable Al and carbon microbial
biomass.

Table 2. Average value of each soil quality parameter on three organic rice management systems

Parameter Organic Semi-organic inorganic
Bulk density (g cm™®) 2.1 2.2 2.3
pH 6.3 6.1 6.0
Available P (ppm) 14.2 11.2 10.0
Available K 27.4 21.2 15.8
Soil Organic Carbon (%) 2.0 1.9 1.4
Total N (%) 0.4 0.3 0.3
CEC (cmol kg™) 13.2 13.7 12.6
Base Saturation (%) 26.8 27.0 22.8
Exchangeable Al 2.8 2.4 3.1
qCO; (Ibs CO.-C/a/d) 2.7 1.2 1.3
Total microbes (CFU) 3x10"6 1.8x10"6 10x10"5
CMB 27.9 30.4 10.7

Note: CEC = cation exchangeable capacity; qCO2 = soil respiration; CMB = carbon microbial biomass.
The presented data are the average values of three replication
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The pH of organic rice fields is 6.3, whereas
the pH in semi-organic rice fields and inorganic
6.0 are 6.1 and 6.0, respectively. Organic rice
fields have a more neutral pH. Organic rice
has a higher pH and this value is close to
neutral because of the addition of organic matter.
Cyio (2008) states that an increase in pH
value is due to the contribution of organic
matter, which releases OH ions because of
the reduction process.

Table 2 displays that available P on organic
rice fields is higher (14.2 ppm) than that in
the semi-organic rice fields (11.2 ppm) and
inorganic rice fields (10 ppm). The available
K in organic rice fields is also higher (27.4
ppm) than that in semi-organic rice fields (21.2
ppm) and inorganic rice fields (15.8 ppm).
These conditions are due to the addition of organic
matter. This is consistent with the finding of
previous research that the addition of organic
matter can increase available P soil (Irawan et al.,
2016). An increase in available P may be
attributed to the decomposition process that
produces humus which helps release P bound
by an amorphous fraction so that the available P
concentration increases. Nevertheless, extensive
continuous rice cultivation without the use
of potassium and phosphorus fertilizers reduces
the available K and available P concentrations
in the studied rice fields soils (Rezaee et al.,
2020).

Organic rice fields have the highest soil
organic carbon among three types of rice
fields. The soil organic carbon contents in
organic, semi-organic and inorganic rice fields
are 2.0 %, 1.9% and 1.4%, respectively. The soil
organic carbon is low when compared to rice
fields, where the majority have relatively high
soil organic carbon ranging from 4.17% to
47.92% (Tangketasik et al., 2014). Accelerated
mineralization of SOC is good for soil fertility
(Ma et al.,, 2017). Low organic carbon may
because it is used by microorganisms to carry out
their activities. This corresponds to the results of
analysis on the total microbes. Total microbes
in organic rice fields are the highest (3x1076
CFU), compared to the total microbes of
other types of rice fields, the semi-organic
rice fields (1.8x1076 CFU) and inorganic rice
fields (101075 CFU). According to Das et al.
(2016), after 18 years of intensive cropping,
NPK fertilizer and organic matter application

significantly influence soil organic carbon.
The increased plant biomass with balanced
fertilizer application results in higher SOC.

Organic rice fields also have higher Total
N than semi-organic and inorganic rice fields.
Total N in organic rice fields is 0.4%, while
the total N in both semi-organic and inorganic
is 0.3%. Inorganic rice fields use inorganic
fertilizers with higher N concentrations, but
N contained in inorganic fertilizers have
the disadvantages of evaporating faster, while
organic and semi-organic rice fields are
overgrown with Azolla pinnata. A. pinnata is
known to be associated with Anabaena azollae
which can fix nitrogen so that nitrogen content
in organic and semi-organic rice fields is
higher than in inorganic rice fields. Semi-
organic rice fields have the highest CEC and
base saturation. This may because this type of
rice field benefits a combination of organic
and inorganic fertilizers. CEC in organic rice
fields is 13.2 cmol kg, while in semi-organic
is 13.7 cmol kg and inorganic is 12.6 cmol
kg Base saturation in semi-organic rice fields
is 27%, while the base saturation in the organic
and inorganic rice fields are 26.8% and 22.8%,
respectively. Nitrogen and organic matter are
interrelated. The carbon-nitrogen (C/N) ratio
shows an overview of the nitrogen content
in the soil, which can be an indication of
the use of available nitrogen in the soil (Patti
etal., 2018).

Soil respiration of organic rice fields is
the highest among the other types of rice fields,
which is presumably because organic rice
fields only use organic matter inputs so they
have better environmental conditions suitable
for microbes to live. The three types of rice
fields have different soil respiration, organic rice
fields (2.7 Ibs CO,-C/a/d), semi-organic rice
fields (1.2 Ibs CO,-C/a/d) and inorganic rice
fields (1.3 lbs CO.-C/a/d). The highest carbon
microbial biomass (CMB) is in semi-organic
rice fields. Soil with high CMB content will
cause decomposition, nutrient cycle and
decomposition of other organic and inorganic
compounds (Susilawati et al., 2013). Semi-
organic rice fields have the highest CMB (30.4),
followed by organic rice fields (27.9) and
inorganic rice fields (10.7).

In this study, it is necessary to identify
the indicators that are mutually correlated and
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influential. The relation of the properties can
be determined through correlation analysis

(Supriyadi et al.,, 2018). The results of the
correlation analysis are presented in Table 3.

Table 3. The results of correlation analysis of each soil quality parameter on three organic rice

management systems

Total Total Av. Org. Av. Bulk
AC02 icrobes “MB N P Cg pH CEC BS "y density
Total microbes 0.8
0.02
CMB 0.7 0.9
0.1 0.0
Total N 0.5 0.6 0.5
0.2 0.1 0.1
Auvailable P 0.6 0.8 0.8 0.8
0.1 0.0 0.0 0.0
Organic carbon 0.5 0.9 0.9 04 07
0.1 0.0 0.0 0.3 0.0
pH 0.6 0.9 0.8 06 07 0.9
0.1 0.0 0.0 01 0.0 0.0
CEC -0.3 0.2 0.3 05 04 03 04
0.5 0.6 0.4 01 03 04 04
Base saturation 0.1 0.1 02 04 -03 03 03 -02
0.8 0.8 0.7 03 05 05 04 05
Available K 0.7 0.7 0.7 06 05 07 09 02 05
0.1 0.0 0.0 01 02 00 00 06 0.2
Bulk density -0.3 -0.5 -05 06 -04 -04 -07 -06 -03 -0.7
0.5 0.2 0.1 01 03 03 00 01 04 01
Al 0.1 -0.2 -04 -00 04 -04 00 -04 00 00 -01
0.9 0.7 0.2 09 03 04 09 03 08 09 0.8

Note: qCO; = soil respiration; CMB = carbon microbial biomass; Av. P = available P; Org. C = organic carbon;
CEC = cation exchangeable capacity; BS = base saturation; Av. K = available K

Pearson correlation analysis in this study
used level 5% (o = 0.05), where two indicators
are considered having a strong correlation if
the Pearson correlation value (r) is approaching
1 or -1 or P-value is less than 0.05 (Azis, 2015).
The results of the correlation analysis show
positive and negative correlations. Almost all
indicators that strongly linking have a positive
correlation, except bulk density. A positive
correlation means if one of the interrelated
indicators increases, the other indicators will
also increase. Otherwise, negative correlation
means if one indicator increases, the other
correlated indicators will decrease.

Positive correlation is indicated by the relation
of total microbes with qCO; (r = 0.8), CMB
(r = 0.9), available P (r = 0.8), organic carbon
(r =0.9), pH (r = 0.9) and available K (r = 0.7).
Soil respiration is a process that occurs
because of the activity of microbes in the soil.

The determination of soil respiration is based
on the amount of CO; produced by soil microbes
and the amount of O, used by soil microbes.
If the number of microbes in the soil rises,
soil respiration will also multiply (Susilawati
et al., 2013). The presence of microbes in
the soil can increase carbon microbial biomass
in the soil. Good soil will have a sufficient
amount of microbes that will perform several
roles such as destroying organic waste, plant
nutrient cycles, nitrogen fixation and phosphate
solvents; stimulating growth; serves as the bio
control of pathogens and helping the absorption
of nutrients. With the increasing number of
microbes in the soil, the value of carbon
microbial biomass will also increase and this
will improve the value of organic carbon.

The positive indicator is also indicated by
the relation of available P with total N (r =
0.8), organic carbon (r = 0.7) and pH (r = 0.7).
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The activity of phosphate solvent microbes
highly depends on soil pH. Mineralization
rates also increase in line with pH values
suitable for microbial metabolism. Phosphate
release will increase in line with increasing
pH values. Changes in pH play an important
role in increasing phosphate solubility (Thomas
et al., 1985). Based on these data, the pH at
the study site is neutral and influenced by
microbial metabolism. A positive indicator
can be found in the relation of pH and
organic carbon (r = 0.9) and pH with available
K (r = 0.9). Other than that, positive correlation
is signified by the relation of carbon microbial
biomass and available P (r = 0.8), organic carbon
(r=0.9), pH (r=0.8) and available K (r = 0.7).
Negative correlation is only indicated by
the relation of pH and bulk density (r = -0.7).
pH affects the bulk density, the physical
properties of the soil influenced by soil
texture and soil organic matter. A neutral soil

pH can make the soil a comfortable place
for plants, microbes and soil fauna to live.
Soil organic matter is the accumulation of
the remnants of plants and animals, which
have experienced weathering and re-formation.
Soil organic matter has soil density. More
soil organic matter content will cause lower
soil density. Organic matter can increase pH
value due to the release of OH ions (Cyio, 2008).

PCA was performed to select indicators
called MDS. Selected indicators are gained
under PC (Principle Component) that has
eigenvalue > 1, which is up to PC 4 in this
study, as presented in Table 4. The selected
indicators are the highest rated indicators of
each PC, where the values in the table are
rounding. The selected indicator in PC1 is the
total microbe, while the PC2 selected indicator is
base saturation. The selected indicator in PC3 is
CEC, while the PC4 selected indicator is organic
carbon.

Table 4. The results of PCA of each soil quality parameter on three organic rice management systems

Eigenvalue 6.6 2.0 14 13
Proportion 0.5 0.2 0.1 0.1
Cumulative 0.5 0.7 0.8 0.9
Variable PC1 PC2 PC3 PC4
gCO; 0.3 0.2 -0.4 -0.3
Total microbes 0.4 0.0 -0.2 0.0
CMB 0.4 0.0 -0.2 0.2
Total N 0.3 -0.3 0.1 -0.4
Available P 0.3 -0.3 -0.2 -0.1
Org.C 0.3 0.0 -0.1 0.3
pH 0.4 0.2 0.1 0.0
CEC 0.2 -0.5 0.5 0.2
BS 0.1 0.6 0.2 0.4
Available K 0.3 0.3 0.2 0.0
Bulk density -0.3 -0.1 -0.6 0.1
Al -0.1 0.4 0.3 -0.6

Note: qCO, = soil respiration; CMB = carbon microbial biomass; Org. C = organic Carbon; CEC = cation

exchangeable capacity; BS = base saturation

According to Mukhopadhyay et al. (2014),
the first step of PCA was dividing proportion
by the number of mine soil quality index (MSQI).
Then, the MSQI values were normalized to a 0-1
scale by dividing each weighing factor by the total
weighing factors. The total weighing factor in
this analysis was 0.9. After that, the number
was multiplied by the score of each indicator (Si).
Scoring of soil quality index used a linear method,
where the assessment was performed by assigning
values in the range from 1 to 5 (Si). The value

of 1 showed the lowest range of scoring, which
was progressively rose to 5, indicating the highest
value.

Table 5 shows that two properties of
the biological indicator in organic rice fields
receive a higher score than in the other
management systems. These two properties are
the total microbes and organic carbon. Total
microbes are scored 3 in organic soils and 2
in both semi-organic and inorganic soils. Similar
results were also reported by Van Leeuwen et al.
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(2015) that soil organism biomass, especially
of bacteria and nematodes, is consistently higher
in organic farms than in conventional farms.
Organic carbon is scored 3 in organic rice fields,
which is better than the score of organic carbon in

semi-organic and inorganic rice fields, which is
only 2. Soil organic carbon stocks are higher with
organic system than with conventional system
during the wet and dry seasons, respectively after
5 years of study (Surekha et al., 2013).

Table 5. Soil quality index in each management system

Organic Semi- Inorganic WISl \?ge)r(nis-l WIx S|
Var Pro Cum WI organic (Organic) organic) (Inorganic)
Sl

T. micb 0.5 0.9 0.5 3 3 2 15 15 1.0
CEC 0.2 0.9 0.1 2 2 2 0.2 0.2 0.2
BS 0.6 0.9 0.2 2 2 2 0.3 0.3 0.3
OrgC 0.3 0.9 0.1 3 2 2 0.3 0.2 0.2
SQl 2.3 2.2 1.7
Score 4 4 5
Class Low Low Very low

Note: Var = variable/indicator; pro = proportion; cum =cumulaive; WI = weigh index; SI = score indicator; T.
micbh = total microbes; CEC = cation exchangeable capacity; BS = base saturation; Org C = organic carbon

Modified from Canta et al. (2007), both
organic and semi-organic rice fields belong to
class 4 (low), but inorganic rice fields belong
to class 5 (very low). Based on the assessment
of SQI value, organic rice fields have the highest
score (2.3), followed by semi-organic rice fields
(2.2) and inorganic rice fields (1.7) as exhibited
in Table 6. Similar results have been revealed
by Kalu et al. (2015), that the protected forest
in its natural condition has the highest SQI,
whereas tilling and the application of fertilizers
in the cultivated land decrease the SQI. Also,
paddy soil managed organically has better soil
quality compared to soil with semi-organic
and inorganic management systems (Supriyadi
et al., 2019). The agricultural land use and
improper management practices have led to
degradation of soil quality (Ghaemi et al., 2014).
The results depict that all of rice fields have
low and very low SQI values, where the organic
rice fields has a low soil quality and inorganic
rice fields has a very low soil quality (Haryuni
et al., 2020; Rezaee et al., 2020).

Table 6. Soil quality classes (modified from
Cantu, 2007)

Soil guality Scale Classes
Very good 0.8-1.00 1
Good 0.6-0.79 2
Moderate 0.4-0.59 3
Low 0.2-0.39 4
Very low 0.0-1.99 5

These findings indicate that organic
management system is better than inorganic
management system. The cultivation of rice
field has a negative impact on soil quality,
decreasing from high to moderate (Sione et al.,
2017). Even though organic and semi-organic
management systems are on the same class,
the SQI value of organic rice fields remains
better than the SQI value of semi-organic
rice fields. The organic farms differ from
the conventional farms for only organic fertilizers
are applied and no pesticides are used (Van
Leeuwen et al., 2015). Giving different fertilizers
will indirectly contribute to different soil
properties. One of them is that organic soil has
a higher biological activity than inorganic soil
because of organic fertilizers. Indirectly, it will
affect the availability of nutrients or the physical
properties of the soil. The value of SQI is
not significantly affected by tillage (Nakajima
et al., 2015). Thus, long-term studies are needed
be conducted to assess the effects of tillage
on SQI.

CONCLUSIONS

Principle indicators for soil quality assessment
are total microbes, CEC, base saturation (BS)
and organic carbon. Soil quality in organic and
semi-organic rice fields is included in a low
class, while the soil quality in inorganic rice
fields is included in the very low class. SQI value
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of organic rice fields is the highest among
the others (2.3). These indicate that organic
management can bring alteration to the better
soil quality though it takes a long time.
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