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Abstract 

Siamese oranges are one of the most widely developed horticultural crops in Indonesia. Arjosari and 
Ngadirojo are some of the sub-districts that produce Siamese orange in Pacitan Regency. One of the 

factors that can affect the development of citrus is land quality. This study aims to obtain land quality 

index data and improvement efforts for developing Siamese orange. Soil samples were taken from  

25 land mapping units (LMUs) with 87 sample points. The soil sampling points were determined  
based on area or sampling density. Data analysis used for soil quality assessment includes correlation, 

principal component analysis (PCA), minimum data set (MDS), and calculation of climate quality index. 

The parameters used in this study are bulk density, porosity, moisture content, texture, pH, electrical 
conductivity (EC), cation exchange capacity (CEC), base saturation, total N, available P, available K, 

soil organic carbon (SOC), microbial biomass carbon (MBC), evapotranspiration, temperature, and solar 

radiation. Based on the results of soil quality analysis in the study area, it has a value range of 0.28  
to 0.37, including low class, while the climate quality index is 1.39 with moderate class. The land quality 

index has a very low to low class with a value of 0.39 to 0.51. Intrinsic, extrinsic, and anthropogenic 

factors can influence soil quality. The study area’s limiting factors for developing Siamese oranges are 

EC, total N, and available P, which can be improved by making furrow ponds, adding organic fertilizer, 

using urea fertilizer, and SP36 according to the dosage. 
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INTRODUCTION 

Soil is a non-renewable natural resource 
(Widiatmaka et al., 2015) and is a land-forming 

object for vegetation growth, so soil and land  

have a very close relationship. Land quality 

includes the state of the soil, climate, and natural 
vegetation, which can affect land use (Chen and 

Shi, 2020). Land use is a form of human 

intervention on land to fulfill the needs of 
clothing, food, and shelter (Sari et al., 2022). 
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Food crops, plantations, and horticulture 
dominate land use for agriculture in the Pacitan 

Regency. Horticultural crops can fulfill the needs 

of humans in terms of vitamins, minerals, and 

protein (Pitaloka, 2020). One type of horticultural 
crop is Siamese oranges. The community needs 

Siamese oranges because they contain vitamin  

C and other essential substances for human  
health (Saraswati et al., 2022) and are favored by  
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all groups, so they have high economic value 

(Kristiandi et al., 2021). As a superior commodity, 
Siamese oranges influence the income of farmers 

and improve their welfare (Wulandari et al., 

2014). Pacitan Regency has the highest Siamese 

orange production after banana, jackfruit, mango, 
and stinky bean (petai) production, so it has  

the potential to be developed. The total production 

of Siamese oranges in Pacitan Regency in 2021 
was 45,661 quintals. The 802 quintals came from 

the Arjosari Sub-district and 360 quintals from 

Ngadirojo Sub-district (Statistic of Pacitan, 2022). 

Hopefully, the production of Siamese oranges  
in the Arjosari and Ngadirojo Sub-districts  

can be further developed after efforts are made to 

improve the limiting factors. 
Regarding the importance of the land quality 

index (LQI) in plant growth and agricultural 

business development, obtaining information  
on land quality in Pacitan Regency to develop 

Siamese oranges is necessary. The LQI is assessed 

using the soil quality index (SQI) and climate 

quality index (CQI). Soil quality comprises 
physical, chemical, and biological indicators 

sensitive to soil changes (Li et al., 2022). The 

assessment of the SQI uses principle component 
analysis (PCA) to obtain a minimum data set 

(MDS) of predetermined soil indicators (Doran 

and Parkin, 1994). The CQI assessment comes 
from evapotranspiration data, air temperature, and 

the length of solar radiation (Ray et al., 2014). 

Analysis of land quality is essential to support 

sustainable land use to ensure food security and 
social stability (Zhuang et al., 2022). Based on  

the search, there has been no research and data  

on land quality for developing Siamese orange 
plants in Arjosari and Ngadirojo Sub-districts, 

Pacitan Regency. So, this research needs to be 

done to determine the SQI, CQI, and LQI and 

improve soil quality to optimize Siamese orange 
production. 

MATERIALS AND METHOD 

The research was conducted in the Arjosari 
Sub-districts (111°13’22.00” to 111°21’42.35”E 

and 8°06’28.84” to 8°07’19.81”N) and Ngadirojo 

Sub-districts (111°19’31.72” to 111°17’55.51”E 
and 8°16’17.95” to 8°10’43.08”N), Pacitan 

Regency, East Java, Indonesia. The study used  

a survey method supported by laboratory  

 
 

analysis. Laboratory analysis was conducted  

at the Laboratory of Soil Chemical and Fertility  
in the Faculty of Agriculture, Universitas Sebelas 

Maret Surakarta. The research stages included 

determining the land mapping unit (LMU), 

conducting a soil sampling survey, laboratory 
analysis, and data analysis. 

Determination of LMU consists of overlaying 

maps of soil type, land use, rainfall, slope, and 
geology. The 25 LMUs determine sample points 

based on area or sampling density. Soil sampling 

was conducted by taking disturbed soil composite 

results and non-disturbed soil. Soil parameters 
analyzed were bulk density (ring sample tool), 

moisture content (gravimetry), texture (pipette 

method), porosity (bulk density and particle 
density calculation), cation exchange capacity/ 

CEC (NH4OAc 1 N pH 7 extraction), base 

saturation/BS (NH4OAc 1 N pH 7 extraction), soil 
organic carbon/SOC (Walkley & Black method), 

microbial biomass carbon/MBC (fumigation and 

incubation method), total N (Kjeldahl method), 

available P (Olsen method), available K 
(NH4OAc 1 N pH 7 extraction), pH H2O (pH 

meter) and electrical conductivity/EC (EC meter). 

The LQI is derived by multiplying the SQI 

SQI = ∑ Wi × Si                                   (1)
n

i=1
 

Where, SQI = soil quality index, n = total soil 

quality MDS, Si = score on selected MDS, Wi = 
weighting index. 

 

 

with the CQI. It was chosen because soil is  

a medium for growing plants that contains 

important nutrients for plant needs. At the same 
time, climate is another major soil attribute that 

needs to be considered when assessing the LQI 

concerning plants. Each plant requires different 

climate requirements (Mandal et al., 2001). The 
SQI assessment used PCA to determine the MDS. 

Principal components (PC) that had an eigenvalue 

≥ 1 were selected into the MDS, then weighting 
(Wi) and scoring (Si) were carried out to  

obtain the SQI. Bulk density and C-microbial 

weighting used Lal (1994) scoring, porosity and 

pH used Wander et al. (2002), EC, BS, CEC,  
total N, available P, available K, and SOC  

used Indonesian Soil Research Institute (2009)  

(Table 1). The calculation of the SQI was done 
using Equation 1. 
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Table 1. Soil quality class 

Soil quality Range Class 

Very good 0.80 – 1.00 1 
Good 0.60 – 0.79 2 

Medium 0.39 – 0.59 3 

Low 0.20 – 0.39 4 
Very low 0.00 – 0.19 5 

Source: Cantú et al. (2007) 

 

The climate dataset consists of solar radiation, 

temperature, and rainfall, resulting in a CQI 
(Table 2). LQI assessment by multiplying the 

results of the SQI with the CQI (Table 3). 

Equations 2 and 3 are the calculation formulas for 
CQI and LQI (Ray et al., 2014). 

CQI = ETc × Tq × Ns                                (2) 

Where, ETC = crop evapotranspiration 

(ET0/rainfall), ET0 = evapotranspiration, TQ = 

ΔT/T, ΔT = maximum – minimum temperature 

every month, T = monthly average temperature, 
NS = n/N0, N = number of hours of bright sunlight 

during the growing period, N0 = total sun hours. 

 
Table 2. Climate quality class 

Climate quality Value 

High < 1.15 

Medium 1.15 – 1.81 
Low > 1.81 

Source: Kamel et al. (2015) 

LQI = SQI × CQI                                     (3) 

Where, LQI = land quality index, SQI = soil 

quality index, CQI = climate quality index. 
 

Table 3. Land quality class 

Land quality Value 

Very low 0.00 – 0.41 
Low 0.41 – 0.55 

Medium 0.56 – 0.70 

High 0.71 – 0.85 
Source: Sari et al. (2022) 

RESULTS AND DISCUSSION 

Pacitan Regency experienced an increase in 

Siamese orange production from 2016 to 2021.  

In 2021, Pacitan can produce 45,661 quintals of 
Siamese orange (Statistic of Pacitan, 2022). Based 

on this, Pacitan can potentially develop Siamese 

orange production. In supporting the development 

of Siamese orange, efforts can be made to assess 

the quality of the land. Land quality includes soil, 
climate, and vegetation. Pacitan has an average 

rainfall of 2,042.73 mm year-1. Based on the 

Schmidt-Fergusson classification, it is an area 

with climate type C, which means it has  
a relatively wet climate (Sasminto et al., 2014). 

Pacitan has an average temperature of 28.5 °C 

with an average humidity of 78%. 
Soil types in the study area are Entisols and 

Inceptisols, which are land used for gardens and 

moorland. Soil quality for each sampling point 

have different values. The average value of pH 
H2O in the study area is 6.54, which includes 

neutral pH, with an average value of SOC of 1.39. 

Nutrients consisting of total N, available P, and 
available K are low, with average values of 0.19, 

2.99, and 0.29, respectively, so efforts to support 

nutrient enhancement are needed.  
Soil quality is the inherent capacity of soil  

to function within an ecosystem to maintain 

biological productivity, maintain environmental 

health, and improve living conditions for plants 
and animals that affect soil properties (Doran and 

Parkin, 1994; Ahmadi Mirghaed and Souri, 2022). 

Soil quality indicators include soil’s physical, 
chemical, and biological properties. Correlation 

analysis can be used to determine the relationship 

between soil quality indicators. The correlation 
between indicators in the study area can be seen 

in Table 4. 

Table 4 shows that there are significant  

(p < 0.05) and highly significant (p < 0.01) 
correlations, as well as negative and positive 

correlations between indicators. The indicator 

with a highly significant negative correlation is 
bulk density with porosity (r = -0.870), which 

means that an increase in one variable will affect 

a decrease in the other variable. The higher  

the porosity, the smaller the bulk density value 
(Jayanti and Mowidu, 2015). An increase in bulk 

density reduces soil porosity, which can reduce 

soil water storage (Pernitsky et al., 2016). 
In the research area, pH is positively correlated 

with CEC because the increase in CEC occurs 

along with the rise in soil pH (Mustafa et al., 
2022). Soil with a high pH means it has sufficient 

potassium and calcium content that affects the soil 

CEC (Mautuka et al., 2022). The CEC value is 

directly proportional to the soil base saturation 
because the base saturation is a description of  

the high number of cations in the soil colloidal  
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complex (Husni et al., 2016). Base saturation  

is closely related to soil pH. Soils with low  

pH generally have low base saturation, while  

soils with high pH have high base saturation 
(Arabia and Royani, 2012). The activity of 

microorganisms is strongly influenced by soil pH. 

If the soil pH is low or acidic, the activity of 
microorganisms will be slow and fast when  

the pH is close to neutral (Oksana et al., 2012). 

SOC is an indicator that can affect several other 

indicators. According to Farrasati et al. (2020), 
SOC has an attachment to soil properties such as 

pH, CEC, texture, nitrogen content, and metal 

cations in the soil. The higher the SOC content, 
the higher the CEC; this is because SOC is able to 

accommodate cations. 

Soil quality is the inherent capacity of soil to 

maintain biological productivity, environmental 

health, and improve living conditions for plants 

and animals that affect soil properties (Doran and 
Parkin, 1994; Ahmadi Mirghaed and Souri, 2022). 

SQI assessment is determined by PCA statistical 

analysis. PCA analysis produces PC values that 
are used to determine the MDS (Martín-Sanz  

et al., 2022). MDS is a data reduction method that 

helps select soil quality assessment indicators. 

PCs selected as MDS have an eigenvalue ≥ 1  
(Li et al., 2013). PCA analysis resulted in 4 PCs 

with a cumulative value of 82.67%, meaning that 

the 9 indicators selected could represent 82.67% 
of the data. The results of PCA analysis can be 

seen in Table 5.

CEC -0.060 -0.229 -0.759** -0.025            

TN -0.006 -0.087 -0.363 -0.143 -0.047          
AK -0.106 -0.008 -0.097 -0.150 -0.294 0.409*        

AP -0.337 -0.273 -0.032 -0.071 -0.109 0.369 -0.574**      

SOC -0.019 -0.166 -0.873** -0.026 -0.763** 0.273 -0.167 0.049   
MBC -0.118 -0.190 -0.823** -0.062 -0.844** 0.379 -0.055 0.014 0.883**  

BS -0.106 -0.020 -0.618** -0.071 -0.612** 0.097 -0.069 0.083 0.529** 0.534** 
Note: BD = bulk density; EC = electrical conductivity; CEC = cation exchange capacity; BS = base saturation; 

TN = total nitrogen; AP = available P; AK = available K; SOC = soil organic carbon; MBC =  

microbial biomass carbon; * = significant correlation at < 0.05 level; ** = significant correlation at < 0.01 

level 

  
Table 5. PCA analysis results 

Eigenvalues 4.076 2.219 1.729 1.071 

Proportion 37.054 20.172 15.714 9.733 

Cumulative 37.054 57.226 72.940 82.672 

Parameter PC1 PC2 PC3 PC4 

Bulk density 0.108 -0.709 0.650 0.111 

Porosity -0.236 0.731 -0.559 -0.040 

pH 0.925 0.116 -0.011 0.083 
EC -0.053 0.164 -0.062 0.959 

CEC 0.894 -0.133 -0.183 0.059 

Total N 0.317 0.498 0.519 -0.301 
Available K -0.155 0.493 0.735 0.168 

Available P -0.009 0.780 0.332 0.023 

SOC 0.924 0.061 -0.040 0.072 
MBC 0.940 0.043 0.081 -0.018 

Base saturation 0.698 0.142 -0.169 -0.038 
Note: EC = electrical conductivity; CEC = cation exchange capacity; SOC = soil organic carbon; MBC = 

microbial biomass carbon; Bold = minimum data set (MDS) 

  

Table 4. Correlation analysis results of physics, chemistry, and biology indicators 

 BD Porosity pH EC CEC TN AK AP SOC MBC 

Porosity -0.870**                  

Ph -0.031 -0.108                
EC -0.047 -0.151 -0.057              
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Table 6. Scoring and assessment of SQI 

MDS Wi 

Si 

LMU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

pH 0.11 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

CEC 0.11 4 3 3 3 3 4 3 3 3 3 3 3 3 4 4 3 4 3 3 3 4 3 4 3 3 

SOC 0.11 2 2 1 2 2 2 1 2 2 2 2 2 2 2 2 1 3 2 2 2 2 1 3 2 1 

MBC 0.11 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 

BD 0.08 5 4 5 5 5 5 5 5 5 5 4 5 5 5 5 3 4 4 4 5 4 5 5 5 5 

Porosity 0.08 4 3 4 4 4 4 4 4 4 4 3 4 4 4 3 3 3 3 3 4 3 4 3 3 4 

Available 
P 

0.08 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Available 

K 

0.19 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 

EC 0.12 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

SQI  0.33 0.30 0.31 0.32 0.32 0.37 0.31 0.32 0.32 0.32 0.30 0.32 0.32 0.33 0.33 0.28 0.34 0.30 0.30 0.32 0.32 0.31 0.35 0.33 0.31 

Land use  G M M M G G M M G G G G M G M M G M M G M M G G M 

Note: Si = score on selected MDS; Wi = weighting index; BD = bulk density; EC = electrical conductivity; CEC = cation exchange capacity; SOC = soil organic 

carbon; MBC = microbial biomass carbon; G = garden; M = moorland 
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Table 5 shows that the selection of indicators 

for MDS in PC1 represents 37.05%, with the 
selected indicators being pH, CEC, SOC, and 

MBC. PC2 represents 20.17% with selected 

indicators of bulk density, porosity, and available 

P. PC3 represents 15.71% of available K and PC4 
represents 9.73% of EC. The SQI is calculated by 

multiplying the Wi value by Si, where Wi is  

the weighted value of the index while Si is  
the score. The Wi value is obtained through  

the division between proportion and cumulative. 

The proportion value is obtained from the total 

proportion value divided by the number of 
indicators per PC. The results of scoring and 

assessment of the SQI in the study area can be 

seen in Table 6. 
The class of SQI is categorized as very low, 

low, medium, good, and very good (Cantú et al., 

2007). Based on Table 6, the SQI assessment in 
the study area is classified as low, with values 

ranging from 0.28 to 0.37. A higher SQI value 

indicates a better soil quality. The importance of 

the SQI assessment based on land use is to 
compare soil quality in each land use. The SQI 

based on land use in the study area is presented  

in Figure 1. 
Figure 1 shows that the average SQI of 

moorland in the study area has a lower value of 

0.31, while garden land use has an average  
SQI value of 0.33. The smaller SQI on moorland 

can be caused by intensive tillage over a long 

period, reducing soil quality (Jambak et al., 2017). 

According to Ayuningtias et al. (2016), the denser 
the vegetation is, and without tillage, the better  

 

the soil quality value. In addition, SOC content 

and soil pH can be factors that can determine  
soil quality in land use types (Singh et al., 2014). 

LQI assessment is based on the SQI and CQI 

results. The CQI consists of evapotranspiration, 

rainfall, temperature, and sunlight, which  
each plant needs differently (Ray et al., 2014). 

Pacitan Regency has an average temperature that 

meets the growing requirements of Siamese 
orange plants, which ranges from 27.4 to 29.3 °C 

(Table 7). 

They calculated evapotranspiration using 

Cropwat 8.0 Software and a database from FAO 
consisting of initial and development stages,  

as well as mid-season and late-season stages. ETc 

calculation results can be seen in Table 8. Based 
on Table 8, plants’ total evapotranspiration during 

the Pacitan Regency growth period is 24.81 mm 

day-1. The results of the CQI calculation are in 
Table 9. 

 

 

Figure 1. Average SQI based on land use 

 

0.33
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0

0.1

0.2

0.3

0.4

Garden Moorland

Table 7. Climate data in Pacitan Regency 

Month 
Temperature (°C) 

Sunshine (Hours) 
Minimum Maximum Average 

January 24.8 32.3 28.5 4.2 

February 24.5 32.1 28.3 4.9 
March 24.8 32.4 28.6 5.4 

April 25.1 32.6 28.9 6.4 

May 25.3 32.5 28.9 7.8 

June 24.3 32.0 28.1 7.6 
July 23.1 31.6 27.4 8.3 

August 23.3 31.9 27.6 9.0 

September 23.8 32.9 28.3 8.5 
October 24.7 33.6 29.2 8.1 

November 25.3 33.3 29.3 6.6 

December 24.9 32.9 28.9 5.1 

Average 024.49 032.52 028.50 06.83 
Source: Meteorology, Climatology and Geophysics Agency (2022) 
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Table 9. Results of the CQI calculation in Pacitan 

Regency 

ETc Temperature Solar radiation CQI 

24.81 0.28 0.2 1.39 

 

The calculation based on the CQI formula  

in Pacitan Regency produces a value of 1.39, 

which is included in the medium class. After 
obtaining the CQI value, the LQI is calculated by 

multiplying the SQI by the CQI. Land quality  

is a complex characteristic of land (Azis et al.,  

 
2016). Land quality refers to soil fertility and 

environmental quality that meet plant growth 

needs and safe food production (Sahetapy, 2009). 

The calculation results of the LQI and the LQI 
map can be seen in Figures 2 and 3. 

Figure 2 shows that the LQI in the study area 

ranges from 0.39 to 0.51, with medium to high 
classes. High-class LQI values are found in LMU 

6. Climatic conditions in the study area suit  

the requirements of Siamese orange plants, while 
the soil quality conditions are still relatively low.  
 

Table 8. Results of ETc in Pacitan Regency 

Month Decade Stage Kc 
ETc 

(mm day-1) 

Eff rain 

(mm dec-1) 

Irr. Req. 

(mm dec-1) 

December 1 Init 0.67 3.04 24.3 00.0 
December 2 Init 0.70 3.02 54.5 00.0 

December 3 Init 0.70 2.96 54.4 00.0 

January 1 Init 0.70 2.90 53.9 00.0 
January 2 Init 0.70 2.85 54.5 00.0 

January 3 Init 0.70 2.87 54.0 00.0 

February 1 Deve 0.70 2.89 53.4 00.0 
February 2 Deve 0.69 2.88 53.0 00.0 

February 3 Deve 0.68 2.83 52.3 00.0 

March 1 Deve 0.67 2.78 51.6 00.0 

March 2 Deve 0.66 2.73 51.0 00.0 
March 3 Deve 0.65 2.71 49.4 00.0 

April 1 Deve 0.64 2.68 48.2 00.0 

April 2 Deve 0.63 2.66 47.0 00.0 
April 3 Deve 0.62 2.65 44.0 00.0 

May 1 Mid 0.61 2.65 41.2 00.0 

May 2 Mid 0.61 2.69 38.6 00.0 

May 3 Mid 0.61 2.63 34.1 00.0 
June 1 Mid 0.61 2.58 29.4 00.0 

June 2 Mid 0.61 2.52 25.0 00.2 

June 3 Mid 0.61 2.58 21.1 04.6 
July 1 Mid 0.61 2.63 17.0 09.3 

July 2 Mid 0.61 2.68 12.9 13.9 

July 3 Mid 0.61 2.82 10.2 20.9 
August 1 Mid 0.61 2.97 06.6 23.1 

August 2 Mid 0.61 3.11 03.2 27.9 

August 3 Mid 0.61 3.20 04.4 30.8 

September 1 Late 0.66 3.59 05.1 30.8 
September 2 Late 0.67 3.72 05.3 31.9 

September 3 Late 0.67 3.75 09.8 27.7 

October 1 Late 0.67 3.79 14.1 23.7 
October 2 Late 0.67 3.82 17.8 20.3 

October 3 Late 0.67 3.67 24.2 16.1 

November 1 Late 0.67 3.51 31.1 04.0 
November 2 Late 0.67 3.36 37.3 00.0 

November 3 Late 0.67 3.20 42.4 00.0 

December 1 Late 0.67 3.04 24.3 00.0 
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Mandal et al. (2001) state that soil limitations  

can be a factor in reducing production yields.  

Soil limitations can be overcome by improving 

soil properties. Land quality is dynamic and 
constantly changing due to agronomic activities 

and weather (Bindraban et al., 2000). SQI and 

CQI can influence LQI. At the same time,  
several factors can influence the SQI. According 

to Bünemann et al. (2018), soil quality can be 

affected by several factors, namely intrinsic, 
extrinsic, and anthropogenic factors. Intrinsic 

factors are influenced by soil properties  

such as SOC, MOC, pH, texture, and CEC—

environmental conditions, including parent 

material, climate, topography, hydrology. 

Extrinsic factors are influenced by vegetation. 
Anthropogenic factors can be influenced by  

land management and land use. Intensive land 

management can reduce the organic C content  
in the soil, affecting the decline in soil quality 

(Suleman et al., 2016). 

There is a plan to develop Siamese orange 
plants in the Arjosari and Ngadirojo Sub-districts. 

It is necessary to analyze the limiting factors of  
 

 
Figure 2. LQI in Pacitan Regency 

 

 

Figure 3. Map of LQI in Arjosari and Ngadirojo Sub-districts 
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soil quality to support the maximum productivity 

of citrus. Limiting factors for the development of 

citrus are focused on the condition of the soil, 

which is why the research area has a suitable 
climate for citrus plants. The limiting factors 

based on parameters not included in the MDS are 

EC, total N, and available P. 
Efforts can be made to reduce salinity in the 

soil by using the furrow pond method and adding 

gypsum (Lufti et al., 2020). Meanwhile, efforts to 
improve the total N element are made by using 

organic fertilizer or urea fertilizer in a balanced 

manner (Ramadhani et al., 2016). Meanwhile, 

efforts to strengthen the available P element are 
made by applying organic or SP36 fertilizer by 

dosage. Recommendations for fertilizer doses of 

Siamese orange to increase the content of total N 
and available P in the soil can be seen in Table 10. 

NPK fertilization combined with organic 

fertilizer can produce sustainably high yields 

(Sulaeman et al., 2017). Cow manure has  
a nutrient content of C 24.57%, N 1.63%,  

P 0.26%, and K 2.80% (Sudarsono et al., 2013). 

Improvement efforts can increase the value of soil 
quality. Improved soil quality can affect the 

production of Siamese oranges. 

CONCLUSIONS 

The study provided an overview of the SQI, 

CQI, and LQI in the Arjosari and Ngadirojo  

Sub-Districts. The SQI ranges from 0.28 to 0.37, 

a category of low class. The CQI is 1.39 with 
moderate class. The LQI has a very low to low 

class with a value of 0.39 to 0.51. The challenge 

faced in developing Siamese oranges in the study 
area is low nutrient content, which can affect the 

production. The effort to improve the Siamese 

orange development is by reducing intensive land 
cultivation, using inorganic fertilizers according 

to plant needs, and adding organic matter and 

organic fertilizer to increase soil nutrients. 

Intrinsic, extrinsic, and anthropogenic factors can 

influence soil quality. The study area’s limiting 

factors for developing Siamese oranges are EC, 

total N, and available P, which can be improved 

by making furrow ponds and adding organic 
fertilizer, urea fertilizer, and SP36 according to 

the dosage. 

ACKNOWLEDGEMENTS 

Authors want to thank the government of  

the Pacitan Regency, East Java, Indonesia, for 

allowing the research to be conducted in their 
area. 

REFERENCES 

Ahmadi Mirghaed, F., & Souri, B. (2022). Spatial 

analysis of soil quality through landscape 
patterns in the Shoor River Basin, 

Southwestern Iran. CATENA, 211, 106028. 

https://doi.org/10.1016/j.catena.2022.106028 

Arabia, T., Zainabun, Z., & Royani, I. (2012). 

Karakteristik tanah salin Krueng Raya 

Kecamatan Mesjid Raya Kabupaten Aceh 

Besar. Jurnal Manajemen Sumberdaya Lahan, 
1(1), 32–42. Retrieved from https://jurnal. 

usk.ac.id/MSDL/article/view/848 

Ayuningtias, N. H., Arifin, M., & Damayani, M. 
(2017). Analisa kualitas tanah pada berbagai 

penggunaan lahan di sub sub DAS Cimanuk 

Hulu. SoilREns, 14(2), 25–32. https://doi.org/ 

10.24198/soilrens.v14i2.11035 

Azis, A., Sunarminto, B. H., & Renanti, M. D. 

(2016). Evaluasi kesesuaian lahan untuk 

budidaya tanaman pangan menggunakan 
jaringan syaraf tiruan. Bimipa, 16(1), 1–10. 

Retrieved from https://journal.ugm.ac.id/ 

bimipa/article/view/13895 

Bindraban, P. S., Stoorvogel, J. J., Jansen, D. M., 

Vlaming, J., & Groot, J. J. R. (2000).  

Land quality indicators for sustainable land 
management: Proposed method for yield  

Table 10. Recommended dosage of fertilizer based on age in Siamese orange plants in general 

Age (years) 
Gram tree-1 year-1 Frequency of 

fertilization each year Urea SP36 ZK 

0 – 1 040 025 010 4 times 

1 – 2 065 050 035 4 times 

2 – 3 145 070 070 3 times 

3 – 4 230 110 230 2 times 
4 – 5 285 140 285 2 times 

> 5 Measurements based on the amount of fruit production 2 times 

   

https://doi.org/10.1016/j.catena.2022.106028
https://jurnal.usk.ac.id/MSDL/article/view/848
https://jurnal.usk.ac.id/MSDL/article/view/848
https://doi.org/10.24198/soilrens.v14i2.11035
https://doi.org/10.24198/soilrens.v14i2.11035
https://journal.ugm.ac.id/bimipa/article/view/13895
https://journal.ugm.ac.id/bimipa/article/view/13895


38  AgriHealth: Journal of Agri-food, Nutrition and Public Health. 5(1), 29-40, 2024 

 

Copyright © 2024 Universitas Sebelas Maret  

gap and soil nutrient balance. Agriculture, 

Ecosystems & Environment, 81(2), 103–112. 
https://doi.org/10.1016/S0167-8809(00) 

00184-5 

Bünemann, E. K., Bongiorno, G., Bai, Z., 

Creamer, R. E., De Deyn, G., de Goede, R., 
Fleskens, L., Geissen, V., Kuyper, T. W., 

Mäder, P., Pulleman, M., Sukkel, W., van 

Groenigen, J. W., & Brussaard, L. (2018).  
Soil quality – A critical review. Soil Biology 

and Biochemistry, 120, 105–125. https://doi. 

org/10.1016/j.soilbio.2018.01.030 

Cantú, M. P., Becker, A., Bedano, J. C., & 
Schiavo, H. F. (2007). Evaluación de la calidad 

de suelos mediante el uso de indicadores e 

índices. Ciencia Del Suelo, 25(2), 173–178. 
Retrieved from http://www.scielo.org.ar/ 

scielo.php?pid=S1850-20672007000200008 

&script=sci_arttext&tlng=en 

Chen, Z., & Shi, D. (2020). Spatial structure 

characteristics of slope farmland quality  

in Plateau mountain area: A case study of 

Yunnan Province, China. Sustainability, 
12(17), 7230. https://doi.org/10.3390/ 

su12177230 

Doran, J. W., & Parkin, T. B. (1994). Defining 
and assessing soil quality. Defining soil  

quality for a sustainable environment, 35:  

1–21. Soil Science Society of America and 
American Society of Agronomy (SSSA  

Special Publication). https://doi.org/10.2136/ 

sssaspecpub35.c1 

Endarto, O., & Martini, E. (2016). Budi daya jeruk 
sehat. Bogor: Balai Penelitian Tanaman Jeruk 

dan Subtropika (Balitjestro). Retrieved from 

https://apps.worldagroforestry.org/downloads/

Publications/PDFS/BL16186.pdf 

Farrasati, R., Pradiko, I., Rahutomo, S., Sutarta, 

E. S., Santoso, H., & Hidayat, F. (2020).  

C-organik tanah di perkebunan kelapa sawit 
Sumatera Utara: Status dan hubungan dengan 

beberapa sifat kimia tanah. Jurnal Tanah  

dan Iklim, 43(2), 157–165. https://doi.org/ 

10.21082/jti.v43n2.2019.157-165 

Husni, M. R., Sufardi, S., & Khalil, M. (2016). 

Evaluasi status kesuburan pada beberapa jenis 
tanah di lahan kering Kabupaten Pidie Provinsi 

Aceh. Jurnal Ilmiah Mahasiswa Pertanian, 

1(1), 147–154. https://doi.org/10.17969/jimfp. 

v1i1.950 

Indonesian Soil Research Institute. (2009). 
Analisis kimia tanah, tanaman, air, dan pupuk. 

Bogor, Indonesia: Indonesian Soil Research 

Institute. Retrieved from https://scholar. 

google.co.id/scholar?cluster=6088437857126
002088&hl=id&as_sdt=2005&sciodt=0,5& 

authuser=3 

Jambak, M. K. F. A., Baskoro, D. P. T., & 
Wahjunie, E. D. (2017). Karakteristik sifat 

fisik tanah pada sistem pengolahan tanah 

konservasi (Studi Kasus: Kebun Percobaan 

Cikabayan). Buletin Tanah dan Lahan, 1(1), 
44–50. Retrieved from https://jurnal 

penyuluhan.ipb.ac.id/index.php/btanah/article

/view/17690 

Jayanti, K. D., & Mowidu, I. (2015). Hubungan 

antara kadar fraksi pasir, fraksi klei, bahan 

organik dan berat volume terhadap kadar air 
tersedia pada tanah sawah di Kabupaten Poso. 

Jurnal Agropet, 12(1), 6–10. Retrieved from 

https://ojs.unsimar.ac.id/index.php/AgroPet/ar

ticle/view/165 

Kamel, A., Ali, H., Ghaleb, F., Mario, M., & 

Tony, G. (2015). GIS-based mapping of areas 

sensitive to desertification in a semi-arid 
region in Lebanon. South-Eastern European 

Journal of Earth Observation and Geomatics, 

4, 91–103. Retrieved from http://ejournals. 

lib.auth.gr/seejeog/article/view/4525 

Kristiandi, K., Yunita, N. F., Fertiasari, R., 

Sogiro, O. N., & Wilujeng, W. W.  

(2022). Pengaruh parameter iklim terhadap 
produktivitas jeruk siam di Kabupaten 

Sambas. Biofarm : Jurnal Ilmiah Pertanian, 

18(1), 8–15. https://doi.org/10.31941/biofarm. 

v18i1.1819 

Lal, R. (1994). Methods and guidelines for 

assessing sustainable use of soil and water 

resources in the tropics (p. 21). Columbus: 
The Ohio State University. Retrieved from 

https://pdf.usaid.gov/pdf_docs/pnabs982.pdf 

Li, D., Liu, W., Zheng, G., Zhang, X., Du, X., 
Zheng, J., Chen, H., Wu, Q., & Guo, Y. (2022). 

Assessing the quality of the soil around a shale 

gas development site in a subtropical karst 
region in Southwest China. Science of the 

Total Environment, 830, 154730. https://doi. 

org/10.1016/j.scitotenv.2022.154730 

https://doi.org/10.1016/S0167-8809(00)00184-5
https://doi.org/10.1016/S0167-8809(00)00184-5
https://doi.org/10.1016/j.soilbio.2018.01.030
https://doi.org/10.1016/j.soilbio.2018.01.030
http://www.scielo.org.ar/scielo.php?pid=S1850-20672007000200008&script=sci_arttext&tlng=en
http://www.scielo.org.ar/scielo.php?pid=S1850-20672007000200008&script=sci_arttext&tlng=en
http://www.scielo.org.ar/scielo.php?pid=S1850-20672007000200008&script=sci_arttext&tlng=en
https://doi.org/10.3390/su12177230
https://doi.org/10.3390/su12177230
https://doi.org/10.2136/sssaspecpub35.c1
https://doi.org/10.2136/sssaspecpub35.c1
https://apps.worldagroforestry.org/downloads/Publications/PDFS/BL16186.pdf
https://apps.worldagroforestry.org/downloads/Publications/PDFS/BL16186.pdf
https://doi.org/10.21082/jti.v43n2.2019.157-165
https://doi.org/10.21082/jti.v43n2.2019.157-165
https://doi.org/10.17969/jimfp.v1i1.950
https://doi.org/10.17969/jimfp.v1i1.950
https://scholar.google.co.id/scholar?cluster=6088437857126002088&hl=id&as_sdt=2005&sciodt=0,5&authuser=3
https://scholar.google.co.id/scholar?cluster=6088437857126002088&hl=id&as_sdt=2005&sciodt=0,5&authuser=3
https://scholar.google.co.id/scholar?cluster=6088437857126002088&hl=id&as_sdt=2005&sciodt=0,5&authuser=3
https://scholar.google.co.id/scholar?cluster=6088437857126002088&hl=id&as_sdt=2005&sciodt=0,5&authuser=3
https://jurnalpenyuluhan.ipb.ac.id/index.php/btanah/article/view/17690
https://jurnalpenyuluhan.ipb.ac.id/index.php/btanah/article/view/17690
https://jurnalpenyuluhan.ipb.ac.id/index.php/btanah/article/view/17690
https://ojs.unsimar.ac.id/index.php/AgroPet/article/view/165
https://ojs.unsimar.ac.id/index.php/AgroPet/article/view/165
http://ejournals.lib.auth.gr/seejeog/article/view/4525
http://ejournals.lib.auth.gr/seejeog/article/view/4525
https://doi.org/10.31941/biofarm.v18i1.1819
https://doi.org/10.31941/biofarm.v18i1.1819
https://pdf.usaid.gov/pdf_docs/pnabs982.pdf
https://doi.org/10.1016/j.scitotenv.2022.154730
https://doi.org/10.1016/j.scitotenv.2022.154730


AgriHealth: Journal of Agri-food, Nutrition and Public Health. 5(1), 29-40, 2024 39 

 

Copyright © 2024 Universitas Sebelas Maret 

Li, Y., Dong, S., Wen, L., Wang, X., & Wu, Y. 

(2013). Assessing the soil quality of alpine 
grasslands in the Qinghai-Tibetan Plateau 

using a modified soil quality index. 

Environmental Monitoring and Assessment, 

185(10), 8011–8022. https://doi.org/10.1007/ 

s10661-013-3151-1 

Lufti, C. P., Riduan, R., & Nirtha, I. (2020). 

Evaluasi kesesuaian pemanfaatan lahan untuk 
tanaman jeruk di Kecamatan Alalak dan 

Kecamatan Mandastana, Kabupaten Barito 

Kuala. Jernih: Jurnal Tugas Akhir Mahasiswa, 

1(1), 17–36. https://doi.org/10.20527/jernih. 

v1i1.571 

Mandal, D. K., Mandal, C., & Velayutham, M. 

(2001). Development of a land quality index 
for sorghum in Indian Semi-Arid Tropics 

(SAT). Agricultural Systems, 70(1), 335–350. 

https://doi.org/10.1016/S0308-521X(01) 

00047-6 

Martín-Sanz, J. P., de Santiago-Martín, A., 

Valverde-Asenjo, I., Quintana-Nieto, J. R., 

González-Huecas, C., & López-Lafuente, A. 
L. (2022). Comparison of soil quality  

indexes calculated by network and principal 

component analysis for carbonated soils under 
different uses. Ecological Indicators, 143, 

109374. https://doi.org/10.1016/j.ecolind. 

2022.109374 

Mautuka, Z. A., Maifa, A., & Karbeka, M. (2022). 

Pemanfaatan biochar tongkol jagung guna 

perbaikan sifat kimia tanah lahan kering. 

Jurnal Ilmiah Wahana Pendidikan, 8(1), 201–

208. https://doi.org/10.5281/zenodo.5827375 

Meteorology, Climatology and Geophysics 

Agency. (2022). Prakiraan Cuaca Provinsi 
Jawa Timur. Retrieved from https://data 

online.bmkg.go.id/home 

Mustafa, M., Maulana, A., Irfan, U. R., & 

Tonggiroh, A. (2022). Evaluasi kesuburan 
tanah pada lahan pasca tambang nikel laterit 

Sulawesi Tenggara. Ilmu Alam dan 

Lingkungan, 13(1), 52–56. Retrieved from 

https://journal.unhas.ac.id/index.php/jai2 

Oksana, O., Irfan, M., & Huda, U. (2012). 

Pengaruh alih fungsi lahan hutan menjadi 
perkebunan kelapa sawit terhadap sifat kimia 

tanah. Jurnal Agroteknologi, 3(1), 29–34. 

Retrieved from http://ejournal.uin-suska. 

ac.id/index.php/agroteknologi/article/view/92 

Pernitsky, T., Hu, W., Si, B. C., & Barbour, L. 
(2016). Effects of petroleum hydrocarbon 

concentration and bulk density on the 

hydraulic properties of lean oil sand 

overburden. Canadian Journal of Soil Science, 
96(4), 435–446. https://doi.org/10.1139/cjss-

2015-0126 

Pitaloka, D. (2020). Hortikultura: Potensi, 
pengembangan dan tantangan. Jurnal 

Teknologi Terapan: G-Tech, 1(1), 1–4. 

https://doi.org/10.33379/gtech.v1i1.260 

Ray, S. K., Bhattacharyya, T., Reddy, K. R., Pal, 
D. K., Chandran, P., Tiwary, P., ... & Gautam, 

N. (2014). Soil and land quality indicators  

of the Indo-Gangetic Plains of India.  
Current Science, 1470–1486. Retrieved from 

https://www.jstor.org/stable/24107210 

Sahetapy, J. (2009). Land evaluation of 
agriculture conservation types on integrated 

waste management area in Toisapu. Jurnal 

Budidaya Pertanian, 5(1), 19–26. Retrieved 

from https://scholar.google.com/scholar?hl= 
id&as_sdt=0%2C5&q=+Land+evaluation+of

+agriculture+conservation+types+on+integrat

ed+waste+management+area+in+Toisapu&bt

nG= 

Saraswati, A. P., Sutopo, S., & Kurniawan, S. 

(2022). Effect of organic fertilizer form and 
dosage on soil chemical properties, leaf macro 

nutrient content and vegetative growth of 

siamese orange (Citrus nobilis lour) seedlings. 

Jurnal Tanah Dan Sumberdaya Lahan, 9(1), 
29–36. https://doi.org/10.21776/ub.jtsl.2022. 

009.1.4 

Sari, P. T., Mandala, M., & Cahyono, B. E. 
(2022). Preliminary assessment of land quality 

index of the paddy field around Jember 

Regency. IOP Conference Series: Earth and 

Environmental Science, 1038(1), 012038. 
https://doi.org/10.1088/1755-1315/1038/1/ 

012038 

Sasminto, R. A., Sutanhaji, A. T., & Rahadi W., J. 
B. (2014). Analisis spasial penentuan iklim 

menurut klasifikasi Schmidt-Ferguson dan 

Oldeman di Kabupaten Ponorogo. Jurnal 
Sumber Daya Alam dan Lingkungan, 1(1),  

51–56. Retrieved from http://jsal.ub.ac.id/ 

index.php/jsal/article/view/118/102 

https://doi.org/10.1007/s10661-013-3151-1
https://doi.org/10.1007/s10661-013-3151-1
https://doi.org/10.20527/jernih.v1i1.571
https://doi.org/10.20527/jernih.v1i1.571
https://doi.org/10.1016/S0308-521X(01)00047-6
https://doi.org/10.1016/S0308-521X(01)00047-6
https://doi.org/10.1016/j.ecolind.2022.109374
https://doi.org/10.1016/j.ecolind.2022.109374
https://doi.org/10.5281/zenodo.5827375
https://dataonline.bmkg.go.id/home
https://dataonline.bmkg.go.id/home
https://journal.unhas.ac.id/index.php/jai2
http://ejournal.uin-suska.ac.id/index.php/agroteknologi/article/view/92
http://ejournal.uin-suska.ac.id/index.php/agroteknologi/article/view/92
https://doi.org/10.1139/cjss-2015-0126
https://doi.org/10.1139/cjss-2015-0126
https://doi.org/10.33379/gtech.v1i1.260
https://www.jstor.org/stable/24107210
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=+Land+evaluation+of+agriculture+conservation+types+on+integrated+waste+management+area+in+Toisapu&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=+Land+evaluation+of+agriculture+conservation+types+on+integrated+waste+management+area+in+Toisapu&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=+Land+evaluation+of+agriculture+conservation+types+on+integrated+waste+management+area+in+Toisapu&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=+Land+evaluation+of+agriculture+conservation+types+on+integrated+waste+management+area+in+Toisapu&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=+Land+evaluation+of+agriculture+conservation+types+on+integrated+waste+management+area+in+Toisapu&btnG=
https://doi.org/10.21776/ub.jtsl.2022.009.1.4
https://doi.org/10.21776/ub.jtsl.2022.009.1.4
https://doi.org/10.1088/1755-1315/1038/1/012038
https://doi.org/10.1088/1755-1315/1038/1/012038
http://jsal.ub.ac.id/index.php/jsal/article/view/118/102
http://jsal.ub.ac.id/index.php/jsal/article/view/118/102


40  AgriHealth: Journal of Agri-food, Nutrition and Public Health. 5(1), 29-40, 2024 

 

Copyright © 2024 Universitas Sebelas Maret  

Singh, A. K., Bordoloi, L. J., Kumar, M., 

Hazarika, S., & Parmar, B. (2014). Land use 
impact on soil quality in Eastern Himalayan 

Region of India. Environmental Monitoring 

and Assessment, 186(4), 2013–2024. https:// 

doi.org/10.1007/s10661-013-3514-7 

Statistic of Pacitan. (2022). Pacitan Regency  

in figures 2022. Retrieved from https:// 

pacitankab.bps.go.id/publication/2022/02/25/
b2351b0f087816c6b62b899e/kabupaten-

pacitan-dalam-angka-2022.html 

Sudarsono, W. A., Melati, M., & Aziz, S. A. 

(2013). Pertumbuhan, serapan hara dan  
hasil kedelai organik melalui aplikasi  

pupuk kandang sapi. Jurnal Agronomi 

Indonesia, 41(3), 202–208. https://doi.org/ 

10.24831/jai.v41i3.8097 

Sulaeman, Y., Maswar, & Erfandi, D. (2017). 

Pengaruh kombinasi pupuk organik dan 
anorganik terhadap sifat kimia tanah, dan  

hasil tanaman jagung di lahan kering masam. 

Jurnal Pengkajian dan Pengembangan 

Teknologi Pertanian, 20(1), 1–12. https://doi. 

org/10.21082/jpptp.v20n1.2017.p1-12 

Suleman, S., Rajamuddin, U. A., & Isrun. (2016). 

Penilaian kualitas tanah pada beberapa tipe 
penggunaan lahan di Kecamatan Sigi 

Biromaru Kabupaten Sigi. AGROTEKBIS: 

Jurnal Ilmu Pertanian (e-journal), 4(6), 712–
718. Retrieved from http://jurnal.faperta. 

untad.ac.id/index.php/agrotekbis/article/view/

80 

Wander, M. M., Walter, G. L., Nissen, T. M., 

Bollero, G. A., Andrews, S. S., & Cavanaugh-

Grant, D. A. (2002). Soil quality: Science and 

process. Agronomy Journal, 94(1), 23–32. 

https://doi.org/10.2134/agronj2002.2300 

Widiatmaka, W., Mediranto, A., & Widjaja, H. 

(2015). Characteristics, soil classification,  
and teak plantations growth (Tectona grandis 

Linn f.) “Unggul Nusantara” varieties in 

Ciampea, Bogor Regency. Journal of Natural 

Resources and Environmental Management, 
5(1), 87–97. https://doi.org/10.19081/jpsl. 

2015.5.1.87 

Wulandari, M., Hartadi, R., & Agustina, T. 
(2014). Analisis produksi, pendapatan, dan 

strategi pengembangan komoditas jeruk  

siam di Kecamatan Bangorejo Kabupaten 
Banyuwangi (Thesis). Jember, Indonesia: 

Universitas Jember. Retrieved from 

https://repository.unej.ac.id/handle/12345678

9/69337 

Zhuang, Q., Wu, S., Huang, X., Kong, L.,  

Yan, Y., Xiao, H., Li, Y., & Cai, P. (2022). 

Monitoring the impacts of cultivated land 
quality on crop production capacity in arid 

regions. Catena, 214, 106263. https://doi.org/ 

10.1016/j.catena.2022.106263 

 

https://doi.org/10.1007/s10661-013-3514-7
https://doi.org/10.1007/s10661-013-3514-7
https://pacitankab.bps.go.id/publication/2022/02/25/b2351b0f087816c6b62b899e/kabupaten-pacitan-dalam-angka-2022.html
https://pacitankab.bps.go.id/publication/2022/02/25/b2351b0f087816c6b62b899e/kabupaten-pacitan-dalam-angka-2022.html
https://pacitankab.bps.go.id/publication/2022/02/25/b2351b0f087816c6b62b899e/kabupaten-pacitan-dalam-angka-2022.html
https://pacitankab.bps.go.id/publication/2022/02/25/b2351b0f087816c6b62b899e/kabupaten-pacitan-dalam-angka-2022.html
https://doi.org/10.24831/jai.v41i3.8097
https://doi.org/10.24831/jai.v41i3.8097
https://doi.org/10.21082/jpptp.v20n1.2017.p1-12
https://doi.org/10.21082/jpptp.v20n1.2017.p1-12
http://jurnal.faperta.untad.ac.id/index.php/agrotekbis/article/view/80
http://jurnal.faperta.untad.ac.id/index.php/agrotekbis/article/view/80
http://jurnal.faperta.untad.ac.id/index.php/agrotekbis/article/view/80
https://doi.org/10.2134/agronj2002.2300
https://doi.org/10.19081/jpsl.2015.5.1.87
https://doi.org/10.19081/jpsl.2015.5.1.87
https://repository.unej.ac.id/handle/123456789/69337
https://repository.unej.ac.id/handle/123456789/69337
https://doi.org/10.1016/j.catena.2022.106263
https://doi.org/10.1016/j.catena.2022.106263

	Assessment of Land Quality for Siamese Orange (Citrus nobilis var. microcarpa) Development in Pacitan Regency, Indonesia
	Abstract
	Keywords: climate quality index; land quality index; Siamese orange; soil quality index
	INTRODUCTION
	MATERIALS AND METHOD
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

