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Abstract 
Rice (Oryza sativa L.) is a very important food crop because the result is used as a staple food for residents in 
Indonesia. Higher food fulfillment leads to the increase of rice production of the Mojogedang sub-district. Paddy 
fields that have high soil fertility will produce good rice productivity. Rice fields in Mojogedang Sub-district are 
managed with organic systems and conventional systems, the management of different fields of rice field certainly 
affects the level of fertility in the paddy fields so it is necessary to evaluate the soil fertility index. The survey area 
consists of 10 points with organic and conventional management systems. The parameters taken include chemical 
and biological properties of soil, including; pH, redox potential, C-organic, CEC, base saturation, P available, 
available K, N Total, C/N ratio, and total microbial. The data obtained by performed analysis of the main 
component principal component analysis (PCA) using statistical applications. Then after complete the calculation 
of The Soil Fertility Index (SFI) at each point and management system. The results of statistical analysis obtained 
soil Fertility Index on organic management systems have a class of 4 or very high and in conventional management 
systems have a class of 3 or High. The value of the index obtained is strongly influenced by the K indicator 
available where the indicator has a noticeable effect on the various management systems. Increased soil fertility 
index due to the use of manure that can improve plant nutrients and applied for long periods. 
Keywords: organic farming, principal component analysis, soil fertility index 
1. Introduction 
Rice (Oryza sativa L.) is an important food plant for most of the world's population (Fageria, 2011), especially for 
residents in Indonesia. Achieving sustainable and environmentally friendly food security has sparked efforts to 
find out the right solutions in improving soil and environmental quality (Gupta et al., 2019). The increasing 
number of population leads to the need for rice as the staple food is also increasing. The number of inhabitants in 
the Mojogedang sub-district increased by 62,632 while in the previous year 61,1449 people (Central statistic, 
2019). Mojogedang is a subdistrict in Karanganyar regency. The land use in the Mojogedang subdistrict is largely 
a rice paddy area of 2024.74 ha (Central Statistic Agency, 2018). 
Rice production that needs to be improved to fulfill food such as rice is increasingly high, it is necessary to take 
monitoring action of Soil Fertility index in Mojogedang sub-district, Karanganyar. The management of different 
rice fields certainly affects the level of fertility in the paddy fields (Supriyadi, 2018). Land management systems 
applied to the area are organic farming systems and conventional farming systems. The organic farming system is 
an agricultural system that only uses natural materials, whether provided by the soil or cultivated by plants 
(Thomas et al., 2011). The difference in the management system in the rice fields of the Mojogedang subdistrict 
also makes a difference in the fertility rate of the paddy fields, so it is necessary to evaluate the soil fertility index. 
Soil fertility is the potential for soil to provide adequate nutrients and in the form available to plants to ensure the 
growth and production of crops to be maximized (Sulakhudi et al., 2017; N. Kiboi, 2019). It is important because 
the evaluation of soil fertility can be used as a reference tool or guideline for the management of nutrients in the 
soil sustainably with regard to environmental aspects (Khadka et al., 2017). Assessment of Soil Fertility Index can 
help identify areas of problem or need appropriate special management (Bagherzadeh et al., 2018). Soil Fertility 
Assessment can provide information to estimate specific indicators of soil fertility to obtain the value of the soil 
fertility index that can be used to make a recommendation of soil fertility Management (Andrews, 2004; Khaki et 
al., 2017). In the soil fertility evaluation system, the weight determination of each index is a key factor that affects 
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the accuracy of Evaluation (Plant, 2001; Mc Bratney et al., 2014; Chen et al., 2020). 
Most of the value calculation of soil fertility is determined by some soil properties such as chemistry, biology, and 
physical properties. Although each indicator has the same opportunity to be used as the main indicator for 
determining soil fertility (Ramiro Recena, Victor M., & Antonio Delgado, 2019). Generally, indicators are used as 
an indicator of soil fertility such as pH, CEC, alkaline saturation, total microbial colonies, potential redox, 
C-Organic, available K (Martinez-Salgado et al., 2010). 
Evaluation of soil fertility in various field management practices is rare. Especially in the area of Mojogedang 
where there is no study of the soil fertility index conducted, it is necessary to analyze the soil Fertility index on rice 
fields in Mojogedang for the availability and food security for the district area of Mojogedang. That is why 
knowing the soil fertility index is important for increasing crop production and affecting agriculture in the future. 
1.1 Previous Related Researches 
Some relevant studies are presented for a benefit from the methods and theories of some researchers have done 
before. It has been compiled from the latest year to oldest: 
A study by Supriyadi, Dewi S. W., Nugrahani D., Rahmah A. A., Haryuni, & Sumani. (2020) entitled “The 
Assessment of Soil Quality Index for Paddy Fields with Indicator Biology in Jatipurno Districts, Wonogiri” aimed 
that the provision of manure in organic rice fields increases soil fertility on degraded land. 
A study by Khadka, D. S., Lamichane, S. R. Sharestha, & B. B. Pant. (2017). Evaluation of Soil Fertility Satatus of 
Regional Agricultural Research Station, Taraha, Sunsari, Nepal” aimed to the importance of a soil fertility. 
A study by Bagherzadeh, A., Gholizadeh, A., & Keshavarzi, A. (2018). Assessment of soil fertility index for 
potato production using integrated Fuzzy and AHP approaches, Northeast of Iran” aimed at the level of soil 
Fertility index in various values. 
A study by Mustikaningrum, I. A., Supriyadi, Herawati A., Purwanto P., & Sumani S. (2018) entitled “Soil quality 
assessment in organic and non-organic paddy fields in Susukan, Indonesia” aimed to compare the soil quality on 
organic and non-organic paddy fields. 
A study by Supriyadi., Rachmawati Septiana, Herawati A., & Purwanto. (2018). Entitled “Soil Quality 
Assessment of The Rainfed Lowland Rice Field Under Organic and Conventional Farming Systems in Kaliwungu” 
aimed at the different rice fields management affects the level of fertility in the paddy fields. 
A study by Xie, L. W., Zhong, J., Chen, F. F., Cao, F. X., Li, J. J., and Wu, L. C. (2015). Entitled “Evaluation of Soil 
Fertility in The Succession Of Karst Rocky Desertification Using Principal Component Analysis” aimed at the 
method that used in calculating the soil fertility index using PCA (Pearson Component Analysis). 
A study by Reeuwijk, L. P. V. (2002). Entitled “Procedures for soil analysis 6 nd edition” aimed at the procedure of 
method in the analysis of the soil chemical fertility parameters. 
Wander, M. M., Gerald, L. W., Nissen, T. M., Bollero, G. A., Andrews, S. S., & Deborah, A. C. (2002). Entitled 
“Soil quality: Science and process” aimed to determine soil fertility index based on laboratory analysis results and 
correlation test. 
2. Method 
2.1 Study Area 
Geographically the location of the study lies 07 ° 01 ' 969 ' ' LS and 111 ° 00 ' 492 ' ' BT and has an organic rice field 
area with an average altitude of 232 above sea level, 0.75 ha and a type of rice crop of rice varieties are Mentik and 
IR 64. Based on the USDA classification the soil type in the region is Litosol. To assess the change of soil fertility, 
this research was conducted on the different of paddy fields management, which is organic rice field management 
system with a dose of organic fertilizer in the form of manure 5 ton/ha, and on conventional land the use of an 
average NPK fertilizer 188.72 kg/ha, urea fertilizer 332.61 kg/ha, and ZA fertilizer 226.9 kg/ha. 
2.2 Soil Sampling 
A sampling of soil is conducted by purposive sampling based on a unit of a spaced map that has been made 
(Adepteu et al., 2000; Noviyanto et al., 2017), by the composite that at any point of land was taken at a depth of 
0-20 cm with a distance of ± 1 meter in the direction of the wind, then mixed and blended evenly (composited), and 
taken as much as approximately 1 kg (Kaewjai et al., 2020). Soil sampling is done in the organic rice fields 
Karanganyar regency. According to Supriyadi et al., (2015) soil sampling is done by composite means it can 
represent the condition of each soil sampling point. 
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Table 3. Results of soil properties analysis in paddy fields of Pereng Village 
Soil Properties Organic Farming Conventional Farming 
pH 6.49 6.81 
Eh (Mv) 45.04 1.16 
OC(%) 2.80 1.66 
Total-N(%) 0.32 0.57 
C/N Ratio(%) 9.33 2.93 
Av-P(ppm) 10.8 4.81 
Av-K(me/100g) 2.89 1.61 
Base Saturation(%) 55.94 27.03 
CEC (me/100g) 28.20 37.36 
Total Colony (Cfu/g) 7.13 6.82 

Note. Var- Variables; Eh- Redox Potential; OC-Organic Carbon; Av-P- Available P; Av-K- Available K; CEC- 
Cation Exchange Capacity. 
3.2 Indicator Correlation 
A correlation test is performed to calculate correlation using diverse data while still demonstrating its correlation. 
This correlation analysis uses an equivalent of 5% (α 0.05). Chandel et al. (2018) stated that two indicators are 
correlated with the value of Pearson getting closer to 1 or ׀ 1-׀ and P-value of < 0.05. Based on the correlation 
analysis (Table 3.) indicates that some indicators have a strong correlation, both positive and negative. The 
relationship between pH and CEC has a positive correlation (R = 0.37) where the high pH value will increase also 
the value of the Ktyang, the land that has high CEC Al da Fe was joined by the Colloid, so it could be a pH buffer 
soil (Prabowo, 2019). Ph is positively correlated with N total (r = 0.54). According to Afandi et al. (2015) the 
provision of organic fertilizer in the form of manure and residual straw can increase the pH of soil although still in 
the category of sour to neutral, increased soil pH caused by the process of decomposition and release of organic 
acids or mineralization of organic matter and able to increase N total in the soil. 
Content of pH correlates negatively with C-organic, BS (Base Saturation), available K, Redox Potential, and C/N 
ratio (r =-0.58; r =-0.49; r =-0.56; r =-0.82; r =-0.42) This suggests that a high pH causes a reaction with Ca and Mg 
forming insoluble compounds in water and being unavailable to plants (Sudaryono, 2009), please note that the Ca 
and Mg that exist in the soil scream complex affects the CEC and base saturation. Table 3 indicates that C-organic 
is positively correlated with BS (Base Saturation), redox and C/N ratio (r = 0.66; r = 0.78; r = 0.76) of research by 
Ispandi (2004) suggests that organic materials may affect the availability of bases cations such as K +, Ca2 +, Na +, 
and Mg2 +. 
Table 4. Correlation analysis results 

Vara) pH Av-P OC Total-N CEC BS Av-K TCP Eh 
Av-K -0,20         
OC -0,58 0,56**        
Total-N 0,54** -0,58        
CEC 0,37* -0,21 -0,21 0,32      
BS -0,49 0,35 0,66** -0,48 -0,71     
Av-K -0,56 -0,22 0,25 -0,39 -0,31 0,39*    
TCP -0,19 0,77 0,34 -0,30 -0,29 0,35 0,47**   
Eh -0,82 0,30 0,78** -0,52 -0,20 0,58** 0,43* 0,28  
C/N Ratio -0,54 0,48** 0,76** -0,91 -0,29 0,52** 0,29 0,31 0,60** 

a)Var- Variables; Av-P – Available P; OC- Organic Carbon; CEC- Cation Exchange Capacity; BS- Base Saturation; 
Av-K- Available K; TCP- Total Colony Plate; Eh- Redox Potential 
The asterisk means a positive correlation. The underlined values means a negative correlation. 
**Significant correlation at a 0.05 level. 
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3.3 Soil Fertility Index 
Analysis of the soil fertility index by determining the Minimum Soil Fertility Indicator (MSFI). MSFI is a selected 
indicator (representative) and has an eigenvalue of ≥ 1 or a minimum value of 60%. To determine the MSFI and 
soil Fertility index was determined using the statistical analysis of PCA (Pearson Components Analysis) (Xie et al., 
2015). The results of the PCA analysis shows 6 selected indicators have a high sensitivity level (representative) of 
10 indicators to be the main component or MSFI to determine the value of soil fertility. 
Table 4. PC1 representing 49.1% data for soil fertility, selected C-organic, BS (Base Saturation), redox potential 
(Eh), and C/N ratios have high weights and are positively correlated. On PC 2 representing 15% data to determine 
soil fertility, the indicator chosen is K available, the indicator has a high weight because only one indicator selected 
is called Independent. PC 3 represents 11% data to determine soil fertility, selected CEC as an indicator, and has a 
high weight as well as an independent indicator. The six indicators selected as Minimum Soil Fertility Indicators 
(MSFI) include C-organic, BS (base saturation), redox, C/N ratio, K available, and CEC (cation exchange capacity) 
sorted from highest to lowest proportion values. 
Table 5. Minimum soil fertility indicator analysis results 

Eigenvalue 4,9974 1,5021 1,0996 
Proportion 0,5 0,15 0,11 
Cumulative 0,5 0,65 0,76 
Variablea) PC1 PC2 PC3 
pH -0,349 -0,146 -0,294 
Av-P 0,215 -0,583 -0,254 
OC *0,379 -0,245 0,112 
Total-N -0,359 0,119 -0,098 
CEC -0,234 -0,227 *0,685 
BS *0,353 0,083 -0,408 
Av-K 0,239 *0,588 0,195 
TCP 0,211 0,332 -0,16 
Eh *0,368 0,001 0,339 
C/N Ratio *0,378 -0,223 0,109 

a)Av-P- Available P; OC- Organic Carbon; CEC- Cation Exchange Capacity; BS- Base Saturation; Av-K- 
Available K; TCP- Total Colony Plate; Eh- Redox Potential. 
The asterisk means minimum soil fertility indicator. 
The results (table 5.) obtain a weighted index or a result Wi divided by the analysis of the proportion analysis that 
appears in the main component by scoring. The assessment result of issuing an analysis on a lot of points then 
added and modified according to (Gerwin et al., 2018). 
Table 6. calculation of Minimum Soil Fertility Indicator 

MSFI* Proportion Cumulative Weight Index* 
Organic Carbon 0,50 0,76 0,16 
C/N Ratio 0,50 0,76 0,16 
Base Saturation 0,50 0,76 0,16 
Eh 0,50 0,76 0,16 
Available K 0,15 0,76 0,20 
CEC 0,11 0,76 0,14 

*Weight index was obtained from the proportion divided by cumulative; MSFI- Minimum Soil Fertility Indicator; 
Eh- Redox Potential; CEC- Cation Exchange Capacity 
The soil fertility scoring is based on the Indonesian Agency for Agricultural Research and Development (2005) 
and Wander (2002) can be seen (Table 6.). The results showed from the calculation of the soil fertility index were 
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then classified according to (Bagherzadeh et al., 2018) that the soil fertility class is divided into very low, low, 
medium, high, and very high. After the indicators were selected as MSFI was consequently given a score based on 
the arcades from the Soil Research Institue (2009), earlier the next scoring has conducted the assessment of the 
Soil Fertility Index (SFI). The soil fertility index class is divided into very low, low, medium, high, and very high 
(Bagherzadeh et al., 2018) receptive to the value of the fertility index of the soil in the 0-1 (Mukashema, 2007). 
Table 7. Scoring of Minimum Soil Fertility Indicators 

 
No 

 
MSFI 

    Scoring     
1 2 3 4 5 6 7 8 9 10 

1 Organic Carbon 3 3 3 3 3 3 3 3 3 3 
2 C/N Ratio 1 1 2 2 2 2 2 2 2 2 
3 Base Saturation 2 2 3 3 3 3 3 3 3 3 
4 Redox Potential 3 3 3 3 3 3 3 3 3 3 
5 Available K 4 4 4 4 4 4 4 4 4 4 
6 CEC 2 2 2 2 2 2 2 2 2 2 

*Sample 1-2 are conventional paddy fields; 3-10 are organic paddy fields 
According to the classification of Baghserzadeh et al. (2018) Organic rice fields have an average value of soil 
fertility index 0.96 (very high) while in conventional rice fields have an average value of the fertility index of soil 
0.85 (high). The difference in the management system of paddy fields makes the difference in the index value in 
both, organic rice fields are given input of organic material in the form of manure and residual straw, while 
conventional rice fields and urea. According to Van Luween et al. (2015) the differences in land management, as 
well as given inputs, will make a difference in soil properties, one of which is a biological activity that affects the 
availability of nutrients, nutrients, or soil physical properties. 
Table 8. Soil Fertility Index on Paddy Field with several systems 

No Paddy Field Sites Soil Fertility Index Soil Fertility Classified 
1 Organic 0.96 Very High 
2 Conventional 0.85 High 

Organic farming is regarded as a farming system where soil fertility is regarded as the basis of production and 
therefore can optimize the quality of all the factors involved, especially the soil quality. Following the statement of 
Mustikaningrum (2018), the high content of organic matter in the soil will enhance the chemical, physical and 
biological properties of the soil and, in consequence, the quality of soil will also increase. 
4. Conclusions 
The value of soil fertility in rice soil in the village of Pereng managed by organically has better soil fertility 
compared to conventional management with the value of fertility index of land respectively 0.96 and 0.85. Soil 
fertility is determined using MSFI (Minimum Soil Fertility Index) from various indicators of soil fertility. The 
principal component analysis (PC in this study has represented 75% of the total data. This study relates to the 
sustainability of nature that can be utilized continuously. 
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