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Article Info Abstract: The soil fertility of rice fields is closely related to rice crop production. 
The research aims to identify soil fertility under different rice field farming 
systems, find the key factor of soil fertility, and recommend strategies to improve 
soil fertility based on the key factor. The research was conducted in Nguntoronadi 
District, Indonesia, on conventional, semi-organic, and organic rice fields. The 
research was an exploratory descriptive survey through a field survey approach 
and soil chemistry and physics analysis. Soil sampling was conducted in 12 Land 
Map Units (LMUs) with three replicates using purposive sampling methods. 
Observation indicators include soil pH, organic C, total N, C/N ratio, available P, 
available K, exchangeable Ca, exchangeable Mg, Cation Exchangeable Capacity 
(CEC), Base Saturation (BS), Aluminum saturation, soil texture, and worm 
population density representing soil chemical, physical, and biological properties. 
Soil fertility is determined using Principal Component Analysis (PCA) and 
scoring based on the category. The research results show that the level of soil 
fertility under various rice field farming systems was included in the moderate 
with ranges of 0.53-0.70, and organic farming has the highest soil fertility. The 
key factors of soil fertility include pH, organic C, available P, available K, Ca-dd, 
CEC, and Aluminum saturation. The appropriate management direction is the 
addition of organic fertilizer in the planting period. 
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1. Introduction  

Soil fertility is essential for sustainable agriculture and ecosystem health. It directly influences 
plant growth, nutrient availability, water retention, and environmental sustainability. According to 
Chirila et al.(2013), soil fertility is a complex process in the constant nutrient cycle between organic and 
inorganic forms, such as plant and animal residues as waste that enter and release nutrients into the soil 
and then act as fertilizer and a source of energy for the soil. Soil fertility is achieved through the presence 
of soil organic matter and the contribution of soil macro and microorganisms (Sofo et al., 2020). In 
terms of rice production, soil fertility is closely related to the productivity of rice fields. Rice production 
continues to increase to avoid food insecurity and realize national food security (Soegoto and Sumarauw, 
2014; Rohman and Maharani, 2017) because the demand for food needs, especially rice, continues to 
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increase in line with Indonesia's population growth. Good soil fertility will produce good rice for various 
heritage food product (Azkiyah et al., 2021; Pinandoyo et al., 2023). Increasing agricultural production 
activities (intensive farming). Adekiya et al. (2018) stated that this is inappropriate because it promotes 
land degradation. Hailu et al. (2015) stated that continuous management, nutrient loss due to crop 
transport and erosion events, and leaching are the primary causes of land degradation. 

Rice fields are the most significant component of rice production (Arlius et al., 2017; 
Nurmegawati et al., 2019) and can experience soil fertility degradation due to excessive use of chemical 
fertilizers and pesticides (Mujiyo et al., 2022). In the research area, farmers and stakeholders use NPK 
chemical fertilizers such as Urea, TSP, and Phonska to increase essential macronutrients that support 
the growth and production of rice plants. Based on the data by Pahalvi et al. (2021), Indonesia is one of 
13 countries in the world with NPK chemical fertilizer used reaching up to ≥100 kg ha-1. The use of 
chemical fertilizers tends to have a negative impact on ecological balance (Yolci and Tunçtürk, 2022). 
Conventional farming uses chemicals during planting, such as fertilizers and pesticides to eradicate 
pests. The results of Rahman et al. (2020) illustrate that the long-term use of pesticides and chemical 
fertilizers in the soil in conventional rice field farming showed negative effects. the chemical properties 
of the soils, such as nitrate, ammonia, SOC, and total N and C compositions, were also significantly 
decreased. This suggests that the intensive use of pesticides and chemical fertilizers can degrade the 
biochemical and chemical properties of the soil. Additionally, chemical fertilizers and pesticides 
produce residue after their use. The resulting residue settles on the ground, evaporates into the air, and 
is carried away by water flows in irrigation canals. These chemical residues have an impact on 
contamination, pollute the environment, and increase the potential for soil degradation. The level of land 
degradation indicates a decrease in soil fertility in various land management systems (Kagabo et al., 
2013). Low-energy and low-degradation engineering innovations are needed to increase productivity 
(Jeon et al., 2021). Appropriate innovations also support the realization of the second goal of the 
Sustainable Development Goals (SDGs) related to zero hunger by ending hunger, attaining food 
security, enhancing nutrition, and promoting sustainable agriculture. 

Nguntoronadi District, Wonogiri Regency has 1 488 ha of rice fields (Central Bureau of 
Statistics, 2022) that are managed conventionally, semi-organically, and organically. In the last 5 years 
based on the data from the Central Bureau of Statistics in 2023, Nguntoronadi District had a harvest area 
of 2 635.74 ha with a production of 13 803.49 tons, so the average land productivity achieved was 
around 5.24 tons ha-1. The diverse farming systems of rice fields will affect the level of soil fertility 
(Sukristiyonubowo et al., 2019), also affect plant secondary metabolites (Khoerunnisa et al., 2022) as 
an important part of the plant defense system and are currently used as medicine ingredients and food 
additives and culinary purposes (Azkiyah et al., 2021; Mahendradatta et al., 2021), so an assessment of 
the soil fertility index is needed. Sukristiyonubowo et al. (2019) stated that organic cultivation has a 
better soil fertility level than conventional and semi-organic rice fields, especially in the parameters of 
pH, organic C, total N, available P, and available K with organic rice paddy yields increasing 61% from 
the previous year. Information on soil fertility status is key to investigating nutrient status, predicting 
relative soil responses to fertilizer application, and adopting appropriate management strategies 
(Aytenew and Kibret, 2016). Soil fertility assessment or evaluation is based on nitrogen, phosphorus, 
and potassium elements, and is affected by soil factors such as soil pH, cation exchangeable capacity, 
and organic matter content (FAO, 1988; Daksina et al., 2021).  

A high level of soil fertility is crucial in rice field farming to improve productivity and strengthen 
food security, especially in the Nguntoronadi District. Research on soil fertility assessment on a wide 
range of rice field farming systems in Nguntoronadi District is still limited, so further research is needed 
to provide information on soil fertility levels in the area with more complete research parameters. The 
purpose of this research is to measure the degree of soil fertility in various rice field farming systems 
and to comprehend the impact of land management techniques on soil fertility. Another very important 
objective is to increase soil fertility at the research site with appropriate land management 
recommendations based on the key factors of soil fertility. Proper rice field farming advice can then be 
utilized as a reference for stakeholders to improve farmers' welfare through higher land production and 
support sustainable integrated agriculture. 
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2. Material and Methods  

2.1. Study area and soil sampling 

The research was conducted on conventional, semi-organic, and organic rice fields in 
Nguntoronadi District, Wonogiri Regency, Central Java Province, Indonesia (Figure 1). The research 
area has an area of 60.96 km2 which is geographically located between 7°51’8.71”-7°58’55.90” LS and 
110°53’56.59”-111°2’58.78” BT at an altitude of 173 - 410 meters above sea level with regional 
characteristics in the form of hills and mountains. Land use in Nguntoronadi District includes 1 488 ha 
of rice fields, 2 213 ha of moorland, 634 ha of state forest, 90 ha of smallholder plantations, 3 379 ha of 
settlements, and 237 ha of other land uses (Central Bureau of Statistics, 2022).  

 
Figure 1. Study area. 

The farming system of rice fields in the research location consists of three farming systems, 
including conventional rice fields, semi-organic rice fields, and organic rice fields. In the field survey 
stage, based on the information we got from farmers and local rice field stakeholders, it was discovered 
that fertilization in conventional rice fields is urea fertilizer 100-150 kg ha-1, phonska fertilizer 100-150 
kg ha-1, and phosphorus fertilization with TSP fertilizer 50 kg ha-1. Fertilizers used in semi-organic rice 
fields are organic fertilizer of 1 ton ha-1 as a base fertilizer before planting, urea fertilizer of 100 kg ha-

1, and liquid organic fertilizer (LOF) of 10 L ha-1. Fertilization in organic rice fields is 3-6 ton ha-1 of 
organic fertilizer and liquid organic fertilizer (LOF) 15 L ha-1. The farming of organic rice fields has 
been started since 2014 under the auspices of Gapoktan Beji Makmur, which passed the organic 
certification test in 2017 and was recertified in 2020 for the scope of rice, crops, and fertilizers with the 
basic reference of SNI 6729: 2016 by Lembaga Sertifikasi Organik Seloliman (LeSOS).  

The research was conducted using an exploratory descriptive survey method through a field 
survey approach and the results of laboratory analysis of soil chemistry and physics. Soil sampling was 
conducted based on purposive sampling (Lenaini, 2021) in a composite manner at a depth of 0-30 cm. 
Soil sampling points were based on land map units (LMUs) obtained from overlaying the Indonesian 
landform map (RBI) of Nguntoronadi District, Wonogiri Regency, and thematic maps. The thematic 
map represents the diversity of the research location, including a map of rice field farming systems, a 
soil map, a slope map, and a rainfall map. Soil types at the research site are mostly Inceptisols and 
Entisols in the eastern part with the geological formation of Qvu. The slope is about 0-8%, 8-15%, 15-
25%, and 25-45%. The average rainfall is about 2250 mm per year. The survey area consists of 12 LMUs 
with 3 replicates, so the total sample points are 36 as shown in Figure 2.  
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Figure 2. Land map unit and sampling point. 

2.2. Soil analysis 

Soil sample analyses were conducted at the Chemistry and Soil Fertility Laboratory and Soil 
Conservation and Physics Laboratory, Faculty of Agriculture, Sebelas Maret University. Soil chemical 
analysis included soil pH (electrometric method), organic C (Walkley and Black method), total N 
(Kjeldahl method), C/N ratio, available P (Olsen method), available K (extraction NH4OAc 1N), 
exchangeable Ca (extraction NH4OAc 1N), exchangeable Mg (extraction NH4OAc 1N), Cation 
Exchangeable Capacity (extraction NH4OAc 1N), base saturation (extraction NH4OAc 1N), and 
Aluminium saturation (KCl saturation) (Soil Research Institute, 2009). Analysis of soil physics is soil 
texture (pipette method) (Center for Research and Development of Agricultural Land Resources, 2007). 
Worm density population observation (PVC ring sample) was conducted directly in the field (Center for 
Research and Development of Agricultural Land Resources, 2006). 

2.3. Data analysis 

Data analysis consists of determining the soil fertility index and key factor indicators of soil 
fertility in this research. The soil fertility index is determined by calculating the score, PCA, and index. 
Meanwhile, the key factor indicator is determined using a statistical test, namely Pearson's correlation. 

 
Figure 3. Data analysis stages. 

Gives a score to the analysis 
results for each soil fertility 

indicator (score was shown in 
Table 1)

Conduct principal component 
analysis (PCA) and select PC 
indicators in each PCA group
(indicators with the highest 

correlation value and 
eigenvalue >1).

Calculate the soil fertility 
index using the formula and 
determining the category of 

index (with Table 2):

SFI = !"#
$

	𝑥	10

Determine key factor 
indicators by testing the 
correlation between the 

observed indicators of soil 
fertility and the soil fertility 

index
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2.3.1. Soil fertility index (SFI) 

The soil fertility index was determined utilizing the Statistical Package for the Social Sciences 
(SPSS) and Minitab software. The soil fertility index was determined based on Pearson Correlation 
Analysis followed by Principal Component Analysis (PCA) to produce in Minimum Soil Fertility 
Indicator (MSFI). Minimum Soil Fertility Indicator (MSFI) is the outcome of Principal Component 
Analysis (PCA), where the major component or Principal Component (PC) employed has the highest 
eigenvalue >1 and is correlated. The indicators with the highest value and are correlated with the highest 
value are selected as MSFI indicators, except Aluminum is chosen from the lowest value (Mukashema, 
2007). MSFI that met the criteria were then scored based on the results of the score of the Soil Research 
Center (2009) as shown in Table 1. 

Table 1. Score index of soil fertility index (SFI) 

Indicators Score 
1 (VL) 2 (L) 3 (M) 4 (H) 5 (VH) 

Texture C, S LS, SiC CL, SL SiL, Si, SiCL L 
pH <5.5 and >7.5 5.5-6.0 6.0-6.5 6.5-7.5 7.0-7.5 
Organik C (%) <1 1-2 2-3 3-5 >5 
Total N (%) <0.1 0.1-0.2 0.21-0.5 0.51-0.75 >0.75 
C/N <5 5-10 11-15 16-25 >25 
Available P (ppm) <5 5-10 11-15 16-20 >20 
Available K (me 100g-1) <0.1 0.1-0.3 0.4-0.5 0.6-1.0 >1 
Exchangeable Ca (me 100g-1) <2 2-5 6-10 11-20 >20 
Exchangeable Mg (me 100g-1) <0.3 0.4-1 1.1-2.0 2.1-8.0 >8 
CEC (me 100g-1) <5 5-16 17-24 25-40 >40 
BS (%) <20 20-40 41-60 61-80 >80 
Al Saturation (%) <5 5-10 10-20 20-40 >40 

Source: Lal (1994), Soil Research Institute (2009), Mukashema, (2007). 
Remark: VL (Very Low), L (Low), M (Moderate), H (High), VH (Very High), C (Clay), S (Sandy), LS (Loamy Sand), SiC (Silty Clay), CL 

(Clay Loam), SL (Sandy Loam), SiL (Silty Loam), Si (Silt), SiCL (Silty Clay Loam), and L (Loam). 

The scoring results are then applied to the calculation of the soil fertility index using the 
following formula (Mukashema, 2007). 
 

SFI = !!"#
$
" 	𝑥	10 (1) 

 
Remark : 
 

SCi = cj x pc (2) 

Cj  =Wi x Si (3) 

pc   = %
&'

 (4) 

 

Where; SFI is the soil fertility index, SCi represents the scoring indicator, N is the number of 
indicator MSFI, cj is the class number which varies from 1 to j, pc represents the probability of the class, 
nc is the number of classes, Wi is weight index and Si is scoring index. The results of the SFI assessment 
are classified based on Table 2.  
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Table 2. Classification of the soil fertility index   

Fertility İndex Value Class 
0.00-0.25 Very Low 
0.25-0.50 Low 
0.50-0.75 Moderate 
0.75-0.90 High 
0.90-1.00 Very High 

Source: Bagherzadeh et al. (2018). 

2.3.2. Key factors of soil fertility index (SFI) 

Analysis of Variance (ANOVA) statistical testing was utilized to assess the effect of diversity 
sources such as rice field farming systems, slopes, soil types, and rainfall on soil fertility index values. 
If it has a real influence, Duncan's Multiple Range Test (DMRT) is used to assess the true difference in 
influence. Key factors of the soil fertility index were obtained from Pearson Correlation Analysis 
between indicators and soil fertility index values that were significantly correlated. Key factors are used 
as the basis for the direction of improvement or recommendations for proper management of rice fields 
to improve the status of soil fertility. 

3. Results and Discussion  

3.1. Study area and soil sampling 

Soil fertility indicators are parameters that can be utilized in defining soil fertility indices. In 
addition to soil chemical properties, physical, and biological properties are also linked to soil fertility. 
The results of laboratory analysis (Table 3) show that rice field soils in the study area have a pH between 
6.4-6.87 including in the category of slightly acidic (5.6-6.5) to neutral (6.6-7.5) (Soil Research Institute, 
2009). The average pH value in conventional rice fields tends to be slightly acidic at 6.51 compared to 
semi-organic and organic rice fields which have neutral pH of 6.8 and 6.84. The application of urea 
fertilizer can contribute to soil acidity because dissolved urea reacts with water to produce carbonic acid 
(H2CO3). Furthermore, ammonium applied to soil undergoes nitrification, producing nitrites and nitrates 
that release H+ ions and lower pH (Yamsil et al., 2022). Increased soil pH increases the availability of 
basic cations such as K, Ca, Mg, and Na. Meanwhile, Al, Fe, and Mn levels, which frequently bind basic 
cations, will decrease (Fitria and Soemarno, 2022). 

Organic rice fields have the highest average organic C content of 2.75%, ranging from 2.42 to 
3.18%, which is influenced by incorporating organic matter into the soil in the form of compost and 
straw harvest wastes. The addition of organic fertilizer (compost, manure, and green manure) improves 
organic C (Fitria and Soemarno, 2022; Syamsiyah et al., 2023). The range value of organic C in 
conventional rice fields was 0.84 to 1.85% and in semi-organic rice fields, it was 1.31%. The low organic 
C is due to the lack of organic matter returning to the soil such as straw left over from harvesting, which 
is often burned or used as animal feed. Meanwhile, the total N content in various rice field farming 
systems is low, with values between 0.12-0.2%. Nitrogen in the soil is one of the factors that improve 
plant productivity (Suminto et al., 2023). Conventional rice fields have more total N than organic rice 
fields because N from inorganic fertilizers can deliver N directly to plants, whereas N from organic 
fertilizers is released slowly, therefore the response is slower (Herdiansyah et al., 2022). The C/N ratio 
in conventional and semi-organic rice fields has a C/N value ranging from 6.10-10.02 which is classified 
as a low category, while organic rice fields have the highest C/N ratio value of 16.23-21.1 which is ideal 
in the decomposition process. Organic fertilizers increase soil qualities in terms of physical, chemical, 
and microbial activity (Kipcakbitik and Sensoy, 2023). Research by Ostrowska and Porębska (2014) 
showed that the C/N ratio in addition to being related to organic C is also related to soil N content where 
too high N input, especially from fertilizers, causes a lower C/N ratio compared to organic farming with 
abundant organic matter input.  

Organic rice fields have higher P (6.18 ppm), K (0.63 me 100g-1), Ca (12.96 me 100g-1), and Mg 
(1.87 me 100g-1) than semi-organic rice field farming systems (P (5.34 ppm), K (0.55 me 100g-1), Ca 
(10.62 me 100g-1), and Mg (1.86 me 100g-1)), and conventional rice fields (P (2.38 ppm), K (0.53 me 
100g-1), Ca (10.66 me 100g-1) and Mg (1.86 me 100g-1)). Organic matter sources such as compost, straw, 
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and legume green manure crops will improve soil chemical properties such as macronutrients N, P, K, 
Ca, Mg, and S because of their ability to release P fixation by Al, Fe or Mn (Sukristiyonubowo et al., 
2019). Analysis of BS in various rice field farming systems is included in the moderate level with an 
average value of BS in conventional rice fields at 43.35%, semi-organic rice fields at 43.76%, and 
organic rice fields at 43.60%. This is related to the leaching of base cations supported by the research of 
Aytenew and Kibret (2016), which states that the loss of base cations due to runoff causes increased 
acidity and decreased soil fertility. 

The CEC value in various land farming systems is included in the high value because it is in 
Inceptisols and Entisols soils, classified as young soils and dominated by clay textures. Soil that is still 
young and supported by a relatively neutral pH and clay-dominated soil texture will increase the CEC 
value (Pinatih et al., 2015). However, the highest CEC value is found in organic rice fields at 39.87 me 
100g-1 due to the colloidal content of organic matter that can contribute a negative charge to soil colloids. 
The role of organic matter as a colloid can increase the capacity of absorption and cation exchange 
(Prasetiyo et al., 2015), which also increases the concentration of K in the soil (Roy et al., 2016). Al 
saturation at the research site is considered very low ranging from 3.20-5.27% with organic rice fields 
having the lowest average Al saturation value of 3.57%. The low Al saturation in the organic rice field 
farming system is due to the high content of organic matter that in decomposition, will release fulvic 
acid, humic acid, and organic acids that bind Al through the mechanism of binding Al-monomer (Al3+) 
to a stable chelate complex (Muzaiyanah and Subandi, 2016).  

Texture as an indicator of soil physics at the research site is dominated by clay and clay loam 
textures. According to Islam et al. (2021), soil texture affects the available water capacity of soil in rice 
farming because of its ability to hold and absorb water so that water can be available to plants. Worm 
population density as a supporting bioindicator showed the highest density in organic rice fields at 0.11 
L-1 because organic matter content affects the metabolic activity of soil organisms (Supriyadi et al., 
2020). According to Lou et al. (2022), soil organic matter is the most abundant organic carbon source 
and has an ecological impact on soil fauna, particularly earthworms that mineralize soil organic matter 
components. 

3.2. Soil fertility index 

The soil fertility index is a functional indicator in soil fertility assessment that provides 
information and appropriate management recommendations for sustainable agriculture. The results of 
PCA analysis (Table 4) show that the principal components (PC) that meet the requirements are PC 1 to 
PC 4. Zhang et al. (2018) stated that PCs that become the Minimum Soil Fertility Indicator (MSFI) have 
an eigenvalue ≥1 or a cumulative percentage of at least 60%. The four PCs have a cumulative 
presentation of 80.1%, showing the main components' confidence levels. Indicators with the highest 
value and correlated with the highest value are selected as MSFI indicators, except Aluminum is selected 
from the lowest value (Mukashema, 2007). Indicators selected as MSFI are pH, organic C, C/N, 
exchangeable Ca, CEC, Al saturation, BS, total N, exchangeable Mg, and available K. 

The level of soil fertility at the study site (Table 5) based on the classifications of Bagherzadeh 
et al. (2018) was included in the moderate category with a value ranging from 0.53 to 0.70. LMU 1, 2, 
and 3 have an average SFI of 0.54 which is conventional rice fields farming on Entisols soil, while LMU 
4, 5, and 6 with conventional rice field farming on Inceptisol soil have an average SFI of 0.56. SFI in 
both soil types with conventional rice field farming systems has a value with a slight difference. This 
could occur because Entisols and Inceptisols soils have similarities, namely undeveloped soils with 
diverse parent materials (Helmi et al., 2016) so the weathering process runs slowly. 
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Table 3. Analysis of soil fertility ındicators in various farming systems of rice fields in the study area 

Soil 
type 

Farming 
Systems LMU pH Org-C 

(%) 
Total N 

(%) C/N Available 
P (ppm) 

Available 
K (ppm) 

Exc-Ca (me 
100g-1) 

Exc-Mg 
(me 100g-1) 

CEC (me 
100g-1) BS (%) 

Al 
Saturation 

(%) 

Textur
e 

Worm 
population 

density 
(individual

s L-1) 

Entisols 

C
on

ve
nt

io
na

l 1 6.41±0.11 1.85±0.07 0.19±0.03 9.93±1.58 2.17±0.30 0.48±0.05 10.31±1.01 1.81±0.10 31.75±2.36 42.07±0.52 4.23±0.59 CL 0.00±0.00 
2 6.40±0.55 1.14±0.05 0.16±0.15 6.95±0.59 0.47±0.15 0.55±0.05 10.36±0.15 1.87±0.15 33.04±0.34 41.57±1.30 4.63±0.47 C 0.05±0.09 
3 6.56±0.08 0.84±0.08 0.19±0.28 4.52±0.37 2.33±0.28 0.51±0.05 9.88±0.19 1.86±0.21 31.04±0.18 45. 90±0.56 5.27±0.19 C 0.05±0.09 

In
ce

pt
is

ol
s 

4 6.59±0.05 1.26±0.13 0.18±0.60 7.07±1.09 6.38±0.60 0.54±0.05 11.99±1.66 1.73±0.21 33.14±2.39 44.18±1.57 4.95±0.66 C 0.11±0.09 
5 6.53±0.18 1.17±0.02 0.12±0.30 10.02±2.12 2.20±0.30 0.51±0.03 10.54±0.66 1.74±0.11 32.99±1.14 41.36±1.25 4.26±0.33 CL 0.05±0.00 
6 6.56±0.25 0.87±0.08 0.15±0.10 6.10±1.64 0.74±0.10 0.58±0.04 10.88±1.05 2.16±0.33 35.05±1.95 45.04±1.20 3.61±0.07 C 0.11±0.09 

Semi-
organic 

7 6.85±0.05 1.08±0.01 0.14±0.37 7.84±0.90 5.38±0.37 0.57±0.03 10.91±1.26 1.70±0.14 34.37±1.76 44.33±2.49 4.57±0.66 C 0.05±0.09 
8 6.71±0.06 1.43±0.10 0.19±0.76 7.60±0.39 5.43±0.76 0.57±0.07 10.58±1.62 1.83±0.22 34.31±3.04 45.80±1.95 4.88±0.81 C 0.11±0.09 
9 6.84±0.03 1.43±0.12 0.20±0.65 7.25±0.62 5.20±0.65 0.52±0.02 10.39±0.28 2.04±0.16 33.13±0.45 41.15±0.24 4.53±0.05 CL 0.11±0.09 

Organic 
10 6.79±0.03 2.42±0.34 0.15±0.53 16.23±1.56 6.31±0.53 0.62±0.02 12.88±0.70 1.73±0.18 37.42±1.13 44.92±0.47 3.20±0.11 C 0.11±0.18 
11 6.87±0.04 2.64±0.19 0.14±1.46 19.25±3.48 6.37±1.46 0.66±0.01 13.12±0.46 1.70±0.21 41.53±2.50 42.65±0.60 3.62±0.44 C 0.05±0.09 
12 6.86±0.04 3.18±0.17 0.16±0.16 21.10± 4.39 5.87±0.16 0.62±0.03 12.87±1.13 2.17±0.28 40.65±2.81 43.24± 1.95 3.89±0.56 C 0.16±0.16 

Table 4. Results of PCA to determine MSFI 

Remark: the number written in bold is selected as the PC in each PC group.

Variable PC1 PC2 PC3 PC4 
Eigenvalue 5.3629 1.5538 1.4058 1.2936 
Proportion 0.447 0.129 0.117 0.108 
Cumulative 0.447 0.576 0.694 0.801 
pH 0.268 0.047 -0.265 -0.209 
Organic C 0.349 -0.319 0.127 -0.206 
Total N -0.167 0.138 0.274 -0.664 
C/N 0.366 -0.344 0.01 0.037 
Available P   0.261 -0.043 -0.343 -0.536 
Available K  0.371 0.255 0.073 0.069 
Exchangeable Ca  0.389 0.148 0.007 -0.019 
Exchangeable Mg  -0.008 0.115 0.751 -0.104 
CEC 0.409 0.023 0.155 0.037 
BS 0.066 0.674 -0.029 -0.144 
Al saturation -0.316 0.007 -0.304 -0.271 
Texture -0.124 -0.449 0.187 -0.269 
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Table 5. Results of soil fertility index calculation 

 
 
  

Farming 
System LMU Point Indicator Scoring cj nc pc SCI N SFI SFI 

Average Class pH Org-C C/N Ca CEC Al BS N Mg K 

C
on

ve
nt

io
na

l  

1  
1 3 2 2 3 4 1 3 3 3 3 2.72 5 0.2 0.54 10 0.54 

0.55 Moderate 

2 3 2 3 3 4 1 3 2 3 3 2.74 5 0.2 0.55 10 0.55 
3 4 2 2 4 4 1 3 2 3 3 2.83 5 0.2 0.57 10 0.57 

2  
4 4 2 2 3 4 1 3 2 3 3 2.74 5 0.2 0.55 10 0.55 
5 4 2 2 3 4 1 3 2 3 3 2.74 5 0.2 0.55 10 0.55 
6 2 2 2 3 4 2 3 2 3 3 2.65 5 0.2 0.53 10 0.53 

3 
7 3 1 1 3 4 2 3 3 3 3 2.63 5 0.2 0.53 10 0.53 
8 4 1 1 3 4 2 3 2 3 3 2.65 5 0.2 0.53 10 0.53 
9 4 1 1 3 4 2 3 2 3 3 2.65 5 0.2 0.53 10 0.53 

4  
10 4 2 2 4 4 1 3 2 3 3 2.83 5 0.2 0.57 10 0.57 
11 4 2 2 3 4 2 3 3 3 3 2.91 5 0.2 0.58 10 0.58 
12 4 2 2 4 4 2 3 2 3 3 2.93 5 0.2 0.59 10 0.59 

5 
13 3 2 2 3 4 1 3 2 3 3 2.65 5 0.2 0.53 10 0.53 
14 3 2 3 3 4 1 3 1 3 3 2.67 5 0.2 0.53 10 0.53 
15 4 2 2 4 4 1 3 2 3 3 2.83 5 0.2 0.57 10 0.57 

6  
16 3 1 1 4 4 1 3 2 4 3 2.63 5 0.2 0.53 10 0.53 
17 4 1 2 4 4 1 3 2 3 4 2.88 5 0.2 0.58 10 0.58 
18 3 1 2 3 4 1 3 2 4 3 2.63 5 0.2 0.53 10 0.53 

Se
m

i-o
rg

an
ic

 7  
19 4 2 2 4 4 1 3 2 3 4 2.97 5 0.2 0.59 10 0.59 

0.57 Moderate 

20 4 2 2 3 4 1 3 2 3 3 2.74 5 0.2 0.55 10 0.55 
21 4 2 2 3 4 2 3 2 3 3 2.83 5 0.2 0.57 10 0.57 

8 
22 4 2 2 3 4 2 3 2 3 3 2.83 5 0.2 0.57 10 0.57 
23 4 2 2 3 4 2 3 2 3 3 2.83 5 0.2 0.57 10 0.57 
24 4 2 2 4 4 1 3 2 3 4 2.97 5 0.2 0.59 10 0.59 

9  
25 4 2 2 3 4 1 3 3 4 3 2.89 5 0.2 0.58 10 0.58 
26 4 2 2 3 4 1 3 2 4 3 2.81 5 0.2 0.56 10 0.56 
27 4 2 2 3 4 1 3 2 3 3 2.74 5 0.2 0.55 10 0.55 

O
rg

an
ic

 

10  
28 4 3 4 4 4 1 3 2 3 3 3.11 5 0.2 0.62 10 0.62 

0.66 Moderate 

29 4 3 4 4 4 1 3 2 3 4 3.25 5 0.2 0.65 10 0.65 
30 4 3 4 4 4 1 3 2 3 4 3.25 5 0.2 0.65 10 0.65 

11  
31 4 3 4 4 5 1 3 2 3 4 3.34 5 0.2 0.67 10 0.67 
32 4 3 4 4 4 1 3 2 3 4 3.25 5 0.2 0.65 10 0.65 
33 4 3 4 4 5 1 3 2 3 4 3.34 5 0.2 0.67 10 0.67 

12  
34 4 4 4 4 5 1 3 2 4 4 3.51 5 0.2 0.70 10 0.70 
35 4 4 4 4 4 1 3 2 3 3 3.21 5 0.2 0.64 10 0.64 
36 4 4 4 4 5 1 3 2 4 4 3.51 5 0.2 0.70 10 0.70 
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Organic rice fields (LMU 10, 11, and 12) have the highest average soil fertility index value of 
0.66 compared to semi-organic rice field farming systems (LMU 7, 8, and 9) of 0.57 and conventional 
(LMU 1, 2, 3, 4, 5, and 6) of 0.55. Map of soil fertility index rice fields in Nguntoronadi District, 
Wonogiri Regency as shown in Figure 2. The high value of the soil fertility index (SFI) in organic rice 
fields indicates that the provision of organic inputs will improve soil fertility status. This is corroborated 
by El-Mogy et al. (2020) assertion that organic farming will restore, preserve, and improve soil 
physiochemistry and biology, thereby increasing crop production. The higher the organic matter in the 
soil, the more fertile it will be. Conversely, the lower the organic matter content, the lower the soil 
fertility (Hanafiah, 2013). The application of organic materials can increase optimal soil fertility for crop 
management with sustainable agricultural yields and better production quality (Mutammimah et al., 
2020). Conventional agriculture dependent on fertilizers and pesticides for crop production reduces 
fertility due to nutrient loss from erosion and leaching (Roy et al., 2016). Using chemical fertilizers in 
disproportionately high concentrations can also lead to nutrient imbalances in the soil that can cause 
other nutrient deficiencies (Mujiyo et al., 2022).

Figure 4. Map of soil fertility index.  

3.3. The distribution and effects of different rice fields farming systems on SFI 

The results of the ANOVA analysis showed that the farming system of rice fields had a very 
significant effect on soil fertility (p-value<0.01). According to Sukristiyonubowo et al. (2019), organic, 
semi-organic, and conventional farming systems affect soil chemical and physical fertility. Furthermore, 
Duncan's Multiple Range Test (DMRT) analysis was performed in Figure 5. Based on Figure 5. shows 
that the three rice field farming systems (conventional, semi-organic, and organic) have significant 
differences (not followed by the same letter) with each other. The organic rice field farming system has 
the highest value and differs from conventional and semi-organic farming systems. In contrast, 
conventional rice fields have the lowest SFI value and are significantly different from semi-organic and 
organic rice fields. Although conventional, semi-organic, and organic rice field farming systems are still 
in the same SFI class moderate, organic rice fields have a considerable difference in SFI values from 
other farming systems due to organic rice fields that have been cultivated for 8 years so that they affect 
higher soil fertility levels. This is similar to the findings of Das et al. (2017) that organic farming 
practices will gradually improve soil properties by increasing carbon storage in the soil and long-term 
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N, P, and K availability (Pambayun et al., 2023). According to Reeve et al. (2016), organic systems have 
been proven to increase chelate microelements, buffer soil pH, and increase cation exchangeable 
capacity, influencing the availability of adequate plant nutrients and reducing leaching potential. 

 
Figure 5. Soil fertility index (SFI) under different rice field farming systems. 

3.4. Key factor indicators 

Key factors of soil fertility are indicators that are significantly correlated with the results of the 
soil fertility index. The key factors become the basis for appropriate recommendations to improve soil 
fertility in rice fields of the study area. Indicators selected as key factors include pH (r=0.59, P-
value<0.01, N=36), organic C (r=0.878, P-value<0.01, N=36), available P (r=0.651, P-value<0.01, 
N=36), available K (r=0.732, P-value<0.01, N=36), Exchangable-Ca (r=0.831, P-value<0.01, N=36), 
CEC (r=0.875, P-value<0.01, N=36), and Aluminum saturation (r=-0.57, P-value<0.01, N=36). The 
research results show that key factor indicators of soil fertility found in the research area are positively 
correlated with soil fertility. This value explains that the higher the key factor indicator value includes 
organic C (Figure 6), CEC (Figure 7), Exchangable Ca (Figure 8), Available K (Figure 9), Available P 
(Figure 10), pH (Figure 11), and Aluminum saturation (Figure 12), the higher the soil fertility level. 

 

 
Figure 6. The correlation of organic carbon and 

soil fertility. 

 
Figure 7. The correlation of CEC and soil 

fertility. 
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Figure 8. The correlation exchangable-Ca and 

soil fertility. 

 
Figure 9. The correlation available K and soil 

fertility. 
 

 
Figure 10. The correlation of available P and 

SFI. 

 
Figure 11. The correlation of pH and soil 

fertility. 

 
Figure 12. The correlation of Aluminium saturation and soil fertility. 

The content of organic C will increase with the addition of organic matter, the increase in 
organic C will be directly proportional to the increase in CEC (r= 0.750), available P (r=0.559), and pH 
(0.392). Organic C content in conventional rice fields is very low to low due to the absence of added 
organic matter, semi-organic rice fields are low due to the provision of organic matter that is not optimal, 
and organic C content in organic rice fields is moderate. Organic matter requires the addition of microbes 
to facilitate the decomposition or release of minerals, thus making nutrients more available to roots in 
an early stage for sustainable plant growth (Ossai et al., 2022). Soil pH is very crucial in soil fertility 
because it involves the availability of other nutrients. The optimal pH range is 5.5 – 6.5 ensures that the 
nutrients in the soil are available for uptake by the rice plants. If the pH deviates from this range, it can 
lead to nutrient deficiencies or toxicities, affecting the overall fertility of the soil (Johnson et al., 
2019).CEC is determined by organic matter content. Soils with higher organic matter content generally 
have higher CEC values (Sihi et al., 2017). The lack of soil organic matter results in a low pH so that 
H+ ions are firmly bound to active groups and positively charged groups (-COOH2+ and -OH2+), as a 
consequence negatively charged colloids become low and CEC decreases. Conversely, in high pH 
conditions, OH- dissolves and binds H+ released from organic groups increasing negative charges (-
COO- dan -O-) and CEC (Irawan et al., 2021).  
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The increase in organic C will reduce Aluminum saturation so that soil acidity decreases and 
increases the soil fertility index. Aluminum saturation negatively affects soil fertility by causing multiple 
nutrient deficiencies (Zhao and Shen, 2018). Aluminum saturation in organic rice fields is lower than in 
conventional and semi-organic rice fields. Organic matter undergoing decomposition produces organic 
acid compounds that can bind and reduce Al metal cations in acidic soils and can increase soil fertility 
and pH (Farrasati et al., 2019). In organic rice fields, the CEC is high due to the humification of organic 
material so that soil colloids increase and soil fertility also increases (Jawang, 2021). In addition, 
increasing soil CEC will increase the availability of K and Ca and protect against leaching. Organic rice 
fields have the highest CEC compared to other rice field farming systems so the quantity of available K 
and exchangeable Ca is also higher. The increase in available K and Ca-dd in the soil is due to the soil's 
ability to bind K and the clay content in the soil. High clay content has a large surface area, so the CEC 
becomes larger, increasing the ability to hold K and Ca from leaching (Jawang, 2021). High soil fertility 
is related to the availability of K+ which plays an important role in crop yields. Organic farming will 
increase the efficiency of P availability (Adamtey et al., 2016) and increase the fertility of agricultural 
land. Organic C with the mechanism of inhibiting P binding by metal ions (Fe and Al) through the 
production of organic acids, humic acids, fulvic acids, and organic leachates (Li et al., 2021) can increase 
P availability.  

3.5. Land management recommendation as a strategy to maintain soil fertility 

Proper management can enhance soil properties so that fertility increases (Mutiara and Bolly, 
2019) which is an important factor in determining plant growth and yield (Pinatih et al., 2015). Organic 
agriculture systems are recommended for rice field management in the study area because they have a 
higher soil fertility index than conventional and semi-organic rice fields. This is linked to the availability 
of organic matter inputs, which will improve the soil fertility index. Integrated soil fertility management 
considers site-specific conditions biotic and physio-chemical factors, and administrative aspects 
(Abukari and Abukari, 2020). In addition, organic farming can be the main road to socio-economic and 
ecologically sustainable development by avoiding or excluding synthetic inputs and utilizing crop 
rotation, crop residues, manure, organic waste, natural rock minerals, and crop protection. 

Sources of organic matter that can be applied in rice field management are compost, liquid 
organic fertilizer (LOF), manure, biochar, green fertilizer, and biofertilizer. Compost comes from crop 
residues and animal waste that undergo a biological decomposition process by microorganisms with or 
without bio-activators such as EM4 (effective microorganism 4) technology, which accelerates the 
composting process (Dahlianah, 2015) and increases the total N, available P, and K (Viandari et al., 
2022) and enhanced soil quality recovery (Kurniawan et al., 2023). Compost is generally in the form of 
solid organic fertilizer, while liquid organic fertilizer is commonly referred to as liquid organic fertilizer 
(LOF). The advantages of liquid organic fertilizer are that it has the potential to improve soil fertility 
because the nutrients are easily decomposed and quickly available to plants, reduce farming costs, and 
save on environmental problems (Arfarita et al., 2020).  

Using organic fertilizers such as manure and vermicompost can raise the relative water content 
by up to 75%, aid in plant water absorption, and increase nutrition, resulting in optimal plant vegetative 
growth (Rahimi et al., 2023). Manure not only contains macronutrients needed by plants but can also 
maintain the balance of nutrients in the soil. Animal manure contains complete nutrients and is relatively 
available to plants because organic matter has gone through a complete transformation quickly. Animal 
manure contains complete and relatively available nutrients for plants consisting of 26.2 kg ton-1 N, 4.5 
kg ton-1 P, 13 kg ton-1 K, 2.2-13.6 kg ton-1 S, 5.3-16.28 kg ton-1 Ca, and 3.5-12.8 kg ton-1 Mg (Suntoro et 
al., 2018). Biochar is a carbon product derived from biomass pyrolysis in an anaerobic environment that 
is beneficial for soil fertility by decreasing soil acidity, increasing CEC, and nutrient availability (Diatta 
et al., 2020). Green fertilizers are green plants that can increase the physical and biochemical structure 
of the soil, reduce nutrient losses due to leaching, increase water holding capacity, increase carbon 
absorption, increase nitrogen fixation, and increase organic matter content  (Iderawumı and Kamal, 
2022). Organic fertilizers combined with biological agents can produce high-quality fertilizers that can 
increase soil fertility and support soil productivity (Mujiyo et al., 2022). Organic farming also helps to 
reduce greenhouse gas emissions, ensuring a more sustainable environment for the future (Angon et al., 
2022; Suwardi et al., 2023) 



YYU J AGR SCI 34 (1): 44-61 
Mijiyo et al. / A Comparative Study of Soil Fertility in Organic, Semi-Organic, and Conventional Rice Field Farming Systems (Case Study: Nguntoronadi District, Wonogiri, 

Indonesia) 

 

57 

Conclusion 

Intensive farming of rice fields to meet food needs with the addition of chemical fertilizers and 
pesticides causes land degradation. This land degradation indicates a decrease in soil fertility in rice 
fields. In fact, rice field soil fertility is required for rice plant productivity. Thus, research is necessary 
to analyze soil fertility to determine the soil fertility level in various rice field farming systems used for 
rice production and management recommendations based on key soil fertility factors. The research 
results show that the soil fertility level in the research area is moderate, with an index value range of 
0.55 to 0.66. Differences in rice field farming systems affect the level of soil fertility. Organic farming 
has the highest soil fertility with an index of 0.66, and conventional farming has the lowest fertility 
compared to the others with an index of 0.55. The key indicators of soil fertility are pH (R2=0.4212), 
organic C (R2=0.7856), available P (R2=0.4325), available K (R2=0.5303), exchangeable Ca 
(R2=0.6864), CEC (R2=0.7588), and Aluminum saturation (R2=0.3208). Suitable management 
recommendations for rice fields in the area are through the implementation of organic farming systems 
with the addition of organic materials such as compost, liquid organic fertilizer (LOF), manure, biochar, 
green fertilizer, and biological fertilizer. In addition, organic farming recommendations support the 
implementation of sustainable integrated agriculture by increasing soil fertility. Increased soil fertility 
has a clear impact on enhancing rice crop productivity and achieving food security. 

Acknowledgments 

The authors would be thanked for P2M research grant of Universitas Sebelas Maret. Also thank 
you to the PPOWW, M Rizky R, Viviana I, Nanda Mei, Tiara Hardian, Akas Anggita, and Khalyfah 
Hasanah for the paper elaboration. 

References 

Abukari, A., & Abukari, R. (2020). Awareness of integrated soil fertility management practices in the 
Savelugu municipal of the northern region of Ghana. Rural Sustainability Research, 43(388), 
35–41. https://doi.org/10.2478/plua-2020-0005 

Adamtey, N., Musyoka, M. W., Zundel, C., Cobo, J. G., Karanja, E., Fiaboe, K. K. M., Muriuki, A., 
Mucheru-Muna, M., Vanlauwe, B., Berset, E., Messmer, M. M., Gattinger, A., Bhullar, G. S., 
Cadisch, G., Fliessbach, A., Mäder, P., Niggli, U., & Foster, D. (2016). Productivity, 
profitability and partial nutrient balance in maize-based conventional and organic farming 
systems in Kenya. Agriculture, Ecosystems and Environment, 235, 61–79. 
https://doi.org/10.1016/j.agee.2016.10.001 

Adekiya, A. O., Aboyeji, C. M., Dunsin, O., Adebiyi, O. V., & Oyinlola, O. T. (2018). Effect of urea 
fertilizer and maize cob ash on soil chemical properties, growth, yield, and mineral composition 
of okra, abelmoschus esculentus (L.) moench. Journal of Horticultural Research, 26(1), 67–76. 
https://doi.org/10.2478/johr-2018-0008 

Angon, P. B., Khan, M. M. R., & Tonny, S. H. (2022). An Assessment of the Interaction between Carbon 
Dioxide Emissions and Available Nutrients from the Lifecycle of Several Agricultural Crops. 
Caraka Tani: Journal of Sustainable Agriculture, 37(2), 373–384. 
https://doi.org/10.20961/carakatani.v37i2.61029 

Arfarita, N., Afroni, M. J., Sugiarto, & Imai, T. (2020). Enhancing bare land soil quality using electric 
induction apparatus in combination with rabbit urine liquid fertilizer application to support 
garlic (Allium sativum) production. J. Degrade. Min. Land Manage, 7(4), 2381–2389. 
https://doi.org/10.15243/jdmlm 

Arlius, F., Irsyad, F., & Yanti, D. (2017). Analysis of Land Carrying Capacity for Rainfed Rice Fields 
in West Pasaman Regency. Rona Teknik Pertanian, 10(1), 23-33, doi : 10.17969/rtp.v10i1.7246 
(in Indonesian). 

Aytenew, M., & Kibret, K. (2016). Assessment of Soil Fertility Status at Dawja Watershed in Enebse 
Sar Midir District, Northwestern Ethiopia. International Journal of Plant & Soil Science, 11(2), 
1–13. https://doi.org/10.9734/ijpss/2016/21646 

Azkiyah, M., Laga, A., Mahendradatta, M., & Shimomura, R. (2021). The effect of rice types on chao 

https://doi.org/10.17969/rtp.v10i1.7246


YYU J AGR SCI 34 (1): 44-61 
Mijiyo et al. / A Comparative Study of Soil Fertility in Organic, Semi-Organic, and Conventional Rice Field Farming Systems (Case Study: Nguntoronadi District, Wonogiri, 

Indonesia) 

 

58 

properties during fermentation. Canrea Journal: Food Technology, Nutritions, and Culinary 
Journal, 4(2), 83-90. https://doi.org/10.20956/canrea.v4i2.380 

Bagherzadeh, A., Gholizadeh, A., & Keshavarzi, A. (2018). Assessment of soil fertility index for potato 
production using integrated fuzzy and AHP approaches, Northeast of Iran. Eurasian Journal of 
Soil Science, 7(3), 203–212. https://doi.org/10.18393/ejss.399775 

Center for Research and Development of Agricultural Land Resources. (2007). Soil Biology Analysis 
Method. Bogor : BBSDLP (in Indonesian). 

Center for Research and Development of Agricultural Land Resources. (2006). Soil Physical Properties 
and Methods of Analysis. Bogor : BBSDLP (in Indonesian). 

Central Bureau of Statistics. (2022). Nguntoronadi District in Numbers 2022. Wonogiri : BPS 
Kabupaten Wonogiri. (in Indonesian). 

Chirila, E., Lupascu, N., & Raicu, S. (2013). Preliminary studies on some waste vegetable contribution 
to the soil fertility. Analele Universitatii “Ovidius” Constanta - Seria Chimie, 24(2), 127–130. 
https://doi.org/10.2478/auoc-2013-0021 

Dahlianah, I. (2015). Utilization of Organic Waste as Raw Material for Compost Fertilizer and its Effect 
on Plants and Soil. Klorofil, 10(1), 10-13 (in Indonesian). 

Das, A., Patel, D. P., Kumar, M., Ramkrushna, G. I., Mukherjee, A., Layek, J., Ngachan, S. V., & 
Buragohain, J. (2017). Impact of seven years of organic farming on soil and produce quality and 
crop yields in eastern Himalayas, India. Agriculture, Ecosystems and Environment, 236, 142–
153. https://doi.org/10.1016/j.agee.2016.09.007 

Diatta, A. A., Fike, J. H., Battaglia, M. L., Galbraith, J. M., & Baig, M. B. (2020). Effects of biochar on 
soil fertility and crop productivity in arid regions: a review. Arabian Journal of Geosciences, 
13(14). https://doi.org/10.1007/s12517-020-05586-2 

El-Mogy, M. M., Abdelaziz, S. M., Mahmoud, A. W. M., Elsayed, T. R., Abdel-Kader, N. H., & 
Mohamed, M. I. A. (2020). Comparative Effects of Different Organic and Inorganic Fertilisers 
on Soil Fertility, Plant Growth, Soil Microbial Community, and Storage Ability of Lettuce. 
Agriculture (Pol’nohospodarstvo), 66(3), 87–107. https://doi.org/10.2478/agri-2020-0009 

Farrasati, R., Pradiko, I., Rahutomo, S., Sutarta, E. S., Santoso, H., & Hidayat, F. (2019). Soil organic 
C in North Sumatra Oil Palm Plantations: Status and Relationship with Some Soil Chemical 
Properties. Jurnal Tanah dan Iklim, 43(2), 157-165, doi : 10.21082/jti.v43n2.2019.157-165 (in 
Indonesian). 

Fitria, L. & Soemarno. (2022). Effects of Lime and Compost on Chemical Characteristics and Soil 
Hydraulic Conductivity of Alfisols at ATP Jatikerto Coffe Plantation. Caraka Tani : Journal of 
Sustainable Agriculture, 37(1), 48-61, doi : 10.20961/carakatani.v37i1.54010. 

Hailu, H., Mamo, T., Keskinen, R., Karltun, E., Gebrekidan, H., & Bekele, T. (2015). Soil fertility status 
and wheat nutrient content in Vertisol cropping systems of central highlands of Ethiopia. 
Agriculture and Food Security, 4(1), 1–10. https://doi.org/10.1186/s40066-015-0038-0 

Hanafiah, KA. (2013). Fundamentals of Soil Science. Jakarta : PT. Raja Grafindo Persada (in 
Indonesian). 

Helmi, Basri, H., & Sufardi. (2016). Soil Quality Analysis and Hydrological Disaster Mitigation Efforts 
in Krueng Jreue Sub Watershed Aceh Besar. Seminar Nasional Biotik, 101-108, doi : 
10.22373/pbio.v4i1.2539 (in Indonesian). 

Herdiansyah, G., Suntoro, Farid, M., Aziz, M., Dewi, F. S., & Slamet Rahayu, A. (2022). Nitrogen 
uptake in fully organic, semi-organic and conventional rice fields in Madiun Regency. IOP 
Conference Series: Earth and Environmental Science, 1016, 1–5. https://doi.org/10.1088/1755-
1315/1016/1/012011 

Iderawumı, A. M., & Kamal, T. O. (2022). Green manure for agricultural sustainability and 
improvement of soil fertility. Farming & Management, 7(1), 1–8. 
https://doi.org/10.31830/2456-8724.2022.fm-101 

Irawan, T. B., Soelaksini, L. D., & Nuraisyah, A. (2021). Organic Matter Content Analysis of 
Tenggarang, Bondowoso, Curahdami, Binakal and Pakem Sub-Districts for Assessment of 
Fertility Level of Rice Soil in Bondowoso District. Jurnal Ilmiah Inovasi, 21(2), 73-85, doi : 
10.25047/jii.v21i2.2594 (in Indonesian). 

Islam, M. S., Magid, A. S. I. A., Chen, Y., Weng, L., Ma, J., Arafat, M. Y., Khan, Z. H., & Li, Y. (2021). 
Effect of calcium and iron-enriched biochar on arsenic and cadmium accumulation from soil to 

https://doi.org/10.20956/canrea.v4i2.380
https://doi.org/10.21082/jti.v43n2.2019.157-165
http://dx.doi.org/10.22373/pbio.v4i1.2539
https://doi.org/10.25047/jii.v21i2.2594


YYU J AGR SCI 34 (1): 44-61 
Mijiyo et al. / A Comparative Study of Soil Fertility in Organic, Semi-Organic, and Conventional Rice Field Farming Systems (Case Study: Nguntoronadi District, Wonogiri, 

Indonesia) 

 

59 

rice paddy tissues. Science of the Total Environment, 785. 
https://doi.org/10.1016/j.scitotenv.2021.147163 

Jawang, U. P. (2021). Assessment of Fertility Status and Management of Rice Field Soil in Umbu Pabal 
Selatan Village, Umbu Ratu Nggay Barat Sub-district. Jurnal Ilmu Pertanian Indonesia, 26(3), 
421-427, doi: 10.18343/jipi.26.3.421 (in Indonesian). 

Jeon, C. W., Kim, H. J., Yun, C., Han, X., & Kim, J. H. (2021). Design and validation testing of a 
complete paddy field-coverage path planner for a fully autonomous tillage tractor. Biosystems 
Engineering, 208, 79–97. https://doi.org/10.1016/j.biosystemseng.2021.05.008 

Johnson, J. M., Vandamme, E., Senthilkumar, K., Sila, A., Shepherd, K. D., & Saito, K. (2019). Near-
infrared, mid-infrared or combined diffuse reflectance spectroscopy for assessing soil fertility 
in rice fields in sub-Saharan Africa. Geoderma, 354(May). 
https://doi.org/10.1016/j.geoderma.2019.06.043 

Kagabo, D. M., Stroosnijder, L., Visser, S. M., & Moore, D. (2013). Soil erosion, soil fertility and crop 
yield on slow-forming terraces in the highlands of Buberuka, Rwanda. Soil and Tillage 
Research, 128, 23–29. https://doi.org/10.1016/j.still.2012.11.002 

Khoerunnisa, K., Putry, R., Salsabila, S., Darmawan, M., Nahdatulia, Y., & Budisantoso, I. (2022). 
Growth annd Flavonoids Content of Black Rice (Oryza sativa L. indica) with Compost Tea of 
Oyster Mushroom Waste. Caraka Tani: Journal of Sustainable Agriculture, 37(2), 289-298. 
http://dx.doi.org/10.20961/carakatani.v37i2.55164 

Kipcakbitik, S., & Sensoy, S. (2023). Imaging Techniques of Tomatoes (Solanum lycopersicum L.) 
Grown with Different Organic and Conventional Fertilizer Applications. Yuzuncu Yil University 
Journal of Agricultural Sciences, 33(2), 248-258. https://doi.org/10.29133/yyutbd.1213160 

Kurniawan, I. D., Kinasih, I., Akbar, R. T. M., Chaidir, L., Iqbal, S., Pamungkas, B., & Imanudin, Z. 
(2023). Arthropod Community Structure Indicating Soil Quality Recovery in the Organic 
Agroecosystem of Mount Ciremai National Park’s Buffer Zone. Caraka Tani: Journal of 
Sustainable Agriculture, 38(2), 229–243. http://dx.doi.org/10.20961/carakatani.v38i2.69384 

Li, F., Zhang, Q., Klumpp, E., Bol, R., Nischwitz, V., Ge, Z., & Liang, X. (2021). Organic Carbon 
Linkage with Soil Colloidal Phosphorus at Regional and Field Scales: Insights from Size 
Fractionation of Fine Particles. Environmental Science and Technology, 55(9), 5815–5825. 
https://doi.org/10.1021/acs.est.0c07709 

Lou, X., Zhao, J., Lou, X., Xia, X., Feng, Y., & Li, H. (2022). The Biodegradation of Soil Organic 
Matter in Soil-Dwelling Humivorous Fauna. Frontiers in Bioengineering and Biotechnology, 
9(January), 1–8. https://doi.org/10.3389/fbioe.2021.808075 

Mahendratta, M., Mutmainnah, A. U., Bilang M., & Bakar Tawali, A. (2021). Utilization of black rice 
(Oryza sativa L. indica) extract in making sarabba as functional drink. Canrea Journal: Food 
Technology, Nutritions, and Culinary Journal, 4(2), 75-82. 
https://doi.org/10.20956/canrea.v4i2.511 

Mujiyo, M., Herawati, A., Herdiansyah, G., Suntoro, S., Syamsiyah, J., Dewi, W. S., Widijanto, H., 
Rahayu, R., & Sutarno, S. (2022). Uji Kualitas Produk Pupuk Organik Beragensia Hayati. 
AgriHealth: Journal of Agri-Food, Nutrition and Public Health, 3(1), 1–9. 
https://doi.org/10.20961/agrihealth.v3i1.56302 

Mujiyo, M., Puspito, G. J., Suntoro, S., Rahayu, R., & Purwanto, P. (2022). The Effect of Change in 
Function from Paddy Field to Dry Land on Soil Fertility İndex. Environment and Natural 
Resources Journal, 20(1), 42–50. https://doi.org/10.32526/ENNRJ/20/202100127 

Mukashema, A. (2007). Mapping and Modelling Landscape-based Soil Fertility Change in Relation to 
Human Induction. 

Mutammimah, U., Minardi, S., & Suntoro. (2020). Organic amendments effect on the soil chemical 
properties of marginal land and soybean yield. J. Degrade. Min. Land Manage, 7(4), 2263–
2268. https://doi.org/10.15243/jdmlm 

Mutiara, C., & Bolly, Y. Y. (2019). Identification of Agricultural Activities and Soil Fertility in the 
Cultivation Area of Nuabosi Cassava. Caraka Tani: Journal of Sustainable Agriculture, 34(1), 
22–30. https://doi.org/10.20961/carakatani.v34i1.25708 

Muzaiyanah, S., & Subandi. (2016). The Role of Organic Materials in Increasing Soybean and Cassava 
Production on Acidic Drylands. Iptek Tanaman Pangan, 11(2), 149-158 (in Indonesian). 

Nurmegawati, Iskandar, & Sudarsono. (2019). Effects of bottom ash and cow manure compost on 

https://doi.org/10.18343/jipi.26.3.421
http://dx.doi.org/10.20961/carakatani.v37i2.55164
https://doi.org/10.20956/canrea.v4i2.511


YYU J AGR SCI 34 (1): 44-61 
Mijiyo et al. / A Comparative Study of Soil Fertility in Organic, Semi-Organic, and Conventional Rice Field Farming Systems (Case Study: Nguntoronadi District, Wonogiri, 

Indonesia) 

 

60 

chemical properties of soil at new-established rice field. Sains Tanah, 16(1), 1–12. 
https://doi.org/10.20961/STJSSA.V16I1.22366 

Ossai, C. O., Akpeji, S. C., Oboh, E., Alama, S. I., Ojobor, S. A., & Ojuederie, T. (2022). Effect of 
Substrates, Planting Period, Explants Nodal Level and Arbuscular Mycorrhizal Fungi on 
Sweetpotato Vine Cutting Production in Soil and Soilless Systems. Yuzuncu Yil University 
Journal of Agricultural Sciences, 32(3), 455-461. https://doi.org/10.29133/yyutbd.1083991 

Ostrowska, A., & Porębska, G. (2014). Assessment of the C/N ratio as an indicator of the 
decomposability of organic matter in forest soils. Ecological Indicators, 49, 104–109. 
https://doi.org/10.1016/j.ecolind.2014.09.044 

Pahalvi, H. N., Rafiya, L., Rashid, S., Bisma Nisar, & Kamili, A. N. (2021). Chemical Fertilizers and 
Their Impact on Soil Health. In Microbiota and Biofertilizers, Vol 2: Ecofriendly Tools for 
Reclamation of Degraded Soil Environs (Vol. 2). https://doi.org/10.1007/978-3-030-61010-4_5 

Pambayun, L. P. S., Purwanto, B. H., & Utami, S. N. H. (2023). Carbon Stock, Carbon Fraction and 
Nitrogen Fraction of Soil Under Bamboo (Dendrocalamus asper Back.) and Non-Bamboo 
Vegetation. Caraka Tani: Journal of Sustainable Agriculture, 38(2), 404–420. 
https://doi.org/10.20961/carakatani.v38i2.75881 

Pinandoyo, D. B., Afriasih, M. U. C., Ridwan, M., & Khubber, S., (2023). Market acceptance of new 
formulated sundanese nasi liwet: How branding affecting selling of traditional culinary. Canrea 
Journal: Food Technology, Nutrition, and Culinary, 6(1), 77-85. 
https://doi.org/10.20956/canrea.v6i1.945 

Pinatih, I. D. A. S. P., Kusmiyarti, T. B., & Susila, K. D. (2015). Evaluation of soil fertility status on 
agricultural land in South Denpasar District. E-Jurnal Agroekoteknologi Tropika, 4(4), 282-292 
(in Indonesian). 

Prasetiyo, D., Purnomo, D., & Supriyadi, S. (2015). Evaluasi Sifat Kimia Tanah Dan Hasil Kedelai Pada 
Sistem Agroforestri Berbasis Pohon Jati. Caraka Tani: Journal of Sustainable Agriculture, 
30(1), 20. https://doi.org/10.20961/carakatani.v30i1.11838 

Rahimi, A., Gitari, H., Lyons, G., Heydarzadeh, S., Tuncturk, M., & Tuncturk, R. (2023). Effects of 
Vermicompost, Compost and Animal Manure on Vegetative Growth, Physiological and 
Antioxidant Activity Characteristics of Thymus vulgaris L. under Water Stress. Yuzuncu Yil 
University Journal of Agricultural Sciences, 33(1), 40-53. 
https://doi.org/10.29133/yyutbd.1124458 

Rahman, M. M., Nahar, K., Ali, M. M., Sultana, N., Karim, M. M., Adhikari, U. K., Rauf, M., & Azad, 
M. A. K. (2020). Effect of Long-Term Pesticides and Chemical Fertilizers Application on the 
Microbial Community Specifically Anammox and Denitrifying Bacteria in Rice Field Soil of 
Jhenaidah and Kushtia District, Bangladesh. Bulletin of Environmental Contamination and 
Toxicology, 104(6), 828–833. https://doi.org/10.1007/s00128-020-02870-5 

Reeve, J. R., Hoagland, L. A., Villalba, J. J., Carr, P. M., Atucha, A., Cambardella, C., Davis, D. R., & 
Delate, K. (2016). Organic farming, soil health, and food quality: Considering possible links. In 
Advances in Agronomy (Vol. 137). Elsevier Inc. https://doi.org/10.1016/bs.agron.2015.12.003 

Rohman, A., & Maharani, A. D. (2017). Proyeksi Kebutuhan Konsumsi Pangan Beras Di Daerah 
Istimewa Yogyakarta. Caraka Tani: Journal of Sustainable Agriculture, 32(1), 29. 
https://doi.org/10.20961/carakatani.v32i1.12144 

Roy, D. R., Islam, M. S., Sarker, B. C., Tusher, T. R., Kabir, M. H., Muliadi, & Al Mamun, S. (2016). 
Impacts of fertilizer application on soil properties at Kaharole Upazila of Dinajpur district in 
Bangladesh. Agrivita, 38(2), 116–125. https://doi.org/10.17503/agrivita.v38i2.702 

Sihi, D., Dari, B., Sharma, D. K., Pathak, H., Nain, L., & Sharma, O. P. (2017). Evaluation of soil health 
in organic vs. conventional farming of basmati rice in North India. Plant Nutrition Soil Science, 
180(3), 389–406. https://doi.org/10.1002/jpln.201700128 

Soegoto, A. S., & Sumarauw, J. S. B. (2014). Analisis Manajemen Usaha Petani Dan Pertanian Di 
Kawasan Agropolitan Dumoga Untuk Menopang Ketahanan Pangan Nasional. Jurnal Emba, 
2(4), 233–245. 

Sofo, A., Mininni, A. N., & Ricciuti, P. (2020). Soil macrofauna: A key factor for increasing soil fertility 
and promoting sustainable soil use in fruit orchard agrosystems. Agronomy, 10(4). 
https://doi.org/10.3390/agronomy10040456 

Soil Research Institute. (2009). Chemical Analysis of Soil, Plant, Water, and Fertilizer. Bogor : 



YYU J AGR SCI 34 (1): 44-61 
Mijiyo et al. / A Comparative Study of Soil Fertility in Organic, Semi-Organic, and Conventional Rice Field Farming Systems (Case Study: Nguntoronadi District, Wonogiri, 

Indonesia) 

 

61 

Balittanah (in Indonesian). 
Sukristiyonubowo, S., Riyanto, D., & Widodo, S. (2019). Soil Fertility and Rice Productivity in Organic, 

Semi-Organic, and Conventional Management in Sragen District. Agrotechnology Research 
Journal, 3(2), 93-96, doi : 10.20961/agrotechresj.v3i2.32508 (in Indonesian). 

Suminto, S., Ramadhan, S., Hasanah, U., & Nurcholis, W. (2023). Effects of Shading and Nitrogen 
Fertilizer on Growth and Physiology of Gandarusa (Justicia gendarussa Burm. F.). Yuzuncu Yil 
University Journal of Agricultural Science, 33(2), 192-206. 
https://doi.org/10.29133/yyutbd.1201543  

Suntoro, S., Widijanto, H., Syamsiyah, J., Afinda, D. W., Dimasyuri, N. R., & Triyas, V. (2018). Effect 
of Cow Manure and Dolomite on Nutrient Uptake and Growth of Corn (Zea mays L.). Bulgarian 
Journal of Agriculture Science, 24(6), 1020-1026. 

Supriyadi, Pratiwi, M. K., Minardi, S., & Prastiyaningsih, N. L. (2020). Carbon Organic Content under 
Organic and Conventional Paddy Field and its Effect on Biological Activities (A Case Study in 
Pati Regency, Indonesia). Caraka Tani: Journal of Sustainable Agriculture, 35(1), 108–116. 
https://doi.org/10.20961/carakatani.v35i1.34630 

Suwardi, Darmawan, Djajakirana, G., Sumawinata, B., & Viandari, N. Al. (2023). Assessing N2O 
Emissions from Tropical Crop Cultivation in Mineral and Peatland Soils: A Review. Caraka 
Tani: Journal of Sustainable Agriculture, 38(2), 308–326. 
https://doi.org/10.20961/carakatani.v38i2.75235 

Syamsiyah, J., Minardi, S., Herdiansyah, G., Cahyono, O., & Mentari, F. C. (2023). Physical Properties 
of Alfisols, Growth and Products of Hybrid Corn Affected by Organic and Inorganic Fertilizer. 
Caraka Tani: Journal of Sustainable Agriculture, 38(1), 99–112. 
https://doi.org/10.20961/carakatani.v38i1.65014 

Viandari, N., Wihardjaka, A., Pulunggono, H. B., & Suwardi. (2022). Sustainable Development 
Strategies of Rainfed Paddy Fields in Central Java, Indonesia: A Review. Caraka Tani: Journal 
of Sustainable Agriculture, 37(2), 275–288. https://doi.org/10.20961/carakatani.v37i2.58242 

Yamsil, M., Ilyas, & Sufardi. (2022). Kualitas Kimia Tanah pada Lahan Kopi Arabika Organik dan 
Anorganik di Kecamatan Bebesen Kabupaten Aceh Tengah. Jurnal Ilmiah Mahasiswa 
Pertanian, 7(3), 449–462. https://jim.unsyiah.ac.id/JFP/article/download/20942/9933 

Yolci, M. S.,& Tunçtürk, R. (2022). The Effect of Inorganic Fertilizer and Biofertilizer Applications on 
Some Quality and Biochemical Properties of Safflower (Carthamus tinctorius L.). Yuzuncu Yil 
University Journal of Agricultural Sciences, 32(4), 740-753. 
https://doi.org/10.29133/yyutbd.1136973 

Zhang, X., Zhu, A., Xin, X., Yang, W., Zhang, J., & Ding, S. (2018). Field Crops Research Tillage and 
residue management for long-term wheat-maize cropping in the North China Plain : I . Crop 
yield and integrated soil fertility index. Field Crops Research, 221, 157–165. 
https://doi.org/10.1016/j.fcr.2018.02.025 

Zhao, X. Q., & Shen, R. F. (2018). Aluminum–nitrogen interactions in the soil–plant system. Frontiers 
in Plant Science, 9(June), 1–15. https://doi.org/10.3389/fpls.2018.00807 

https://doi.org/10.20961/agrotechresj.v3i2.32508

