
1

221711

SOIL SCIENCE ANNUAL
2026, 77(2), 221711

https://doi.org/10.37501/soilsa/221711

© 2026 by the authors. Licensee Soil Science Society of Poland. This article is an open
access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY NC ND 4.0) license (https://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The agricultural sector plays an important role in Indo-
nesia’s economy and food security, however productivity on 
dry land is often hampered by declining soil fertility (Hairiah 
et al., 2025). Mojogedang Subdistrict is located in the Mount 
Lawu area, which has a volcanic landform. Mount Lawu is 
an active volcano situated along the ring of fire, at the con-
vergent boundary between the Indian-Australian Plate to the 
south and the Eurasian Plate to the north (Legowo et al., 2023). 
This region is dominated by Inceptisols and Alfisols, which are 
potentially productive but vulnerable to fertility imbalances 
due to intensive agriculture and limited organic matter con-
tent (Oladele, 2019). In dry land areas, such as Mojogedang 
Subdistrict, agricultural land supports essential crops, includ-
ing sugarcane, coconut, and robusta coffee (Ismardani, 2024). 

 However,  information on the spatial and functional variability 
of soil fertility in this system is still limited, hindering efforts to 
develop location-specific management strategies.

Soil fertility is key to agricultural land management, so 
evaluating it is one way to determine a soil’s ability to produce 
targeted crop yields in its environment. However, the entire 
world is currently experiencing a decline in soil fertility. Soil 
fertility decline is a major obstacle to agricultural productivity 
and global food security, especially in tropical regions where 
intensive land use and unsustainable management accelerate 
nutrient leaching (Lal, 2020). Assessing soil fertility is essen-
tial to ensure optimal nutrient management, maintain crop 
yields, and preserve ecosystem services. Several studies have 
indicated that soil fertility is affected by soil properties, land 
management, and environmental conditions (Chi et al., 2020). 
A study by Dewi et al. (2024) found that land cover affects soil 
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This study aims to evaluate the soil fertility index using the Nutrient Index (NI) and Principal 
Component Analysis (PCA) across different land uses in Mojogedang Subdistrict, Karanganyar 
Regency, Indonesia. Soil samples were collected using purposive sampling from 14 land map units 
(LMUs) and analysed in the laboratory for selected soil chemical properties. The laboratory data 
were processed using the Nutrient Index and Soil Fertility Index methods, with the Minimum 
Data Set (MDS) derived from correlation analysis and Principal Component Analysis (PCA), fol-
lowed by scoring to determine the scoring index (Si). According to land-use type, the classifi cation 
of soil fertility index using two methods yielded different classes in both land uses. The Nutrient 
Index method showed that the mixed garden had higher soil fertility than the moorland, whereas 
the values are medium (1.75) and low (1.62), respectively. Meanwhile, the PCA method classifi ed 
both mixed garden and moorland as medium, with values of 0.54 and 0.51, respectively. How-
ever, the soil fertility index for each land map unit differed across land uses. A T-test showed 
signifi cant differences (p = 0.000) between the two methods. The determining factors in the Nutri-
ent Index method are total N and available P, with land use as the main source of variation (p = 
0.002), while in the PCA method are soil pH, organic carbon, available P, cation exchange capacity 
(CEC) with soil type (p = 0.001) and land use (p = 0.003) as the main sources of variation. The study 
concludes that the PCA method provides a more comprehensive representation of soil fertility 
conditions by using a broader set of soil indicators. In contrast, the Nutrient Index method is sim-
pler and easier to apply as it utilizes fewer soil parameters. Understanding the different types of 
land uses and soil characteristics is crucial for enhancing soil fertility and ensuring sustainable 
agricultural practices.
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fertility, particularly through the influence of litterfall, breast 
height diameter of trees, and tree density. In addition, the 
earthworm population also contributes to enhancing soil fer-
tility (Suntoro et al., 2023). Mujiyo et al. (2022) reported that 
altitude significantly affects soil fertility, whereas high altitude 
contributes to increased cassava productivity. Other studies 
have explained that macroorganisms, such as termites, play 
a crucial role in improving soil fertility (Febriani et al., 2025). 
Moreover, Supriyadi et al. (2018) reported that soil fertility is 
higher under organic than under inorganic land management, 
due to soil properties. To improve soil fertility and ensure en-
vironmentally sustainable farming practices, it is necessary to 
understand the agri-environmental characteristics of different 
land uses and soil types.

Many methods have been developed to evaluate soil fer-
tility (Chaudhry et al., 2024), ranging from nutrient index to 
advanced multivariate statistical methods such as principal 
component analysis (Amara et al., 2017; Bagherzadeh et al., 
2018). However, each method has limitations in capturing the 
multidimensional nature of soil properties that influence crop 
performance. Previous studies have frequently employed the 
Nutrient Index (NI) method to categorize soil fertility status 
based on critical soil chemical properties (AbdelRahman et al., 
2021; Khadka et al., 2017). While simple and widely applied, the 
Nutrient Index does not fully account for interactions among 
soil parameters. Conversely, Principal Component Analysis 
(PCA) offers a multivariate approach that reduces data com-
plexity while retaining the most informative soil indicators 
(Mukashema, 2007; Wu et al., 2025). Despite their complemen-
tary strengths, comparative applications of NI and PCA for soil 
fertility assessment in tropical volcanic ecosystems remain 
scarce. This gap limits both scientific understanding and prac-
tical recommendations for sustainable land management.

This study evaluates soil fertility in different land uses 
within Mojogedang Subdistrict by comparing the Nutrient 
Index and PCA methods, specifically in mixed gardens and 
moorlands, across Inceptisols and Alfisols. By integrating the 
Nutrient Index into a multivariate statistical framework, this 
study aims to identify the factors that determine soil fertility, 
provide a robust comparative evaluation of the methods used, 
and generate recommendations to improve land productivity. 
This contribution is expected to enhance the development of 
methodologies for assessing soil fertility and their application 
in sustainable agricultural management.

2. Materials and methods

2.1. General Conditions of the Study Area

This study was conducted in Mojogedang Subdistrict, 
 Karanganyar Regency, Central Java Province, Indonesia, locat-
ed in the area: 7°30’20.972”–7°35’56.803”S and 110°56’57.176”– 
111°3’24.893” E. Mojogedang Subdistrict has an area of 
53.31 km2 with a total dry land area of 3,208.73 ha with an 
annual rainfall average of 1,200–2,600 mm year–1. This study 
used purposive sampling of dry land in the mixed garden and 

moorland across the Mojogedang Subdistrict. Mixed garden is 
agroforestry system, is a soil management system that com-
bines agricultural plants and forestry. This system is capable of 
improving productivity in both the long and short term, such 
as annual plant and horticulture crops (Setiawan et al., 2024). 
Moorland is dryland agricultural land that relies on rainfall for 
irrigation or an area with limited water, usually planted with 
seasonal crops or drought-resistant crops, and uses minimum 
tillage or no tillage in soil management. These two land uses 
are distinguished based on the crops planted, management, 
and fertilization.

2.2.  Determining The Land Map Unit and Soil Sample 
Collection

This research method was conducted by surveying soil 
characteristics and performing laboratory analyses to describe 
the actual conditions in the field. The process began with a pre-
survey to observe the location and establish land map units 
(LMUs) while determining sample points through purposive 
sampling. A land map unit or soil sampling unit is a spatial 
analysis unit created by overlaying several base maps, such as 
administrative, geological, slope, landform, soil type, and land 
use maps, to show similar land characteristics. In this research, 
LMUs were created using an overlay method from 4 different 
of sources of map diversity, namely the Indonesian topographic 
map, soil types (Alfisols and Inceptisols), land use (mixed gar-
den and moorland), rainfall (1292.4 and 2661.92 mm year–1), 
and land slope (0–8%, 8–15%, 15–25%, 25–45%, >45%). The soil 
was classify based on the Key of Soil Taxonomy (Soil Survey 
Staff, 2022), whereas Alfisols is soil that have an accumulation 
clay in horizon B, called argilic horizon, high of base status 
and have a combination of an ochric or umbric epipedon, usu-
ally located in high rainfall and moderate temperature, while 
Inceptisols is a developed soil, have one or more pedogenic ho-
rizons of alteration. The soil is classified to the order level.

Based on the overlay results, 14 land map units were iden-
tified. The distribution of the location land map unit was shown 
in Fig. 1, and the characteristics of each LMU were explained 
in Table 1. Each LMU was repeated three times with different 
sampling points to represent the entire LMU, resulting in a to-
tal of 42 soil samples collected. Subsequently, field surveys and 
soil sampling were conducted for laboratory analysis. Soil sam-
ples were collected at a 0–120 cm depth using a soil auger, and 
then soil characteristics were described according to horizon 
boundaries. Samples were then collected at 0–30 cm for soil 
analysis in the laboratory. 

2.3. Soil Laboratory Analysis

The soil analyses conducted include soil pH H2O (1:5) 
(FAO, 2021), soil texture using pipette method (Eviati et al., 
2023), organic carbon using Walkley-Black rapid titration 
method (Walkley and Black), total nitrogen (Kjeldahl), avail-
able phosphorus using NaHCO3 extractable P (pH 8.5) (Olsen), 
available potassium NH4OAc extractable K (Chapman), cation 
exchange capacity, extract of NH4OAc 1M, pH 7 (Chapman), base 
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Fig. 1. The distribution of land map unit in the study area

Table 1
The characteristics of each land map unit

LMU Soil Type Land Use Slope 
(%)

Rainfall 
(mm/year)

Area 
(ha)

1 Alfi sols Moorland 8–15 1292.4 21.38

2 Alfi sols Moorland 15–25 1292.4 14.44

3 Alfi sols Moorland 25–45 1292.4 13.92

4 Inceptisols Mixed Garden 8–15 1292.4 21.56

5 Inceptisols Mixed Garden 8–15 2661.92 13.45

6 Inceptisols Mixed Garden 15–25 1292.4 22.97

7 Inceptisols Mixed Garden 15–25 2661.92 26.32

8 Alfi sols Mixed Garden 25–45 1292.4 16.65

9 Inceptisols Moorland 0–8 1292.4 72.50

10 Inceptisols Moorland 8–15 1292.4 187.38

11 Alfi sols Moorland 15–25 1292.4 162.61

12 Inceptisols Moorland 15–25 2661.92 10.24

13 Inceptisols Moorland 25–45 1292.4 85.40

14 Inceptisols Moorland >45 1292.4 18.26

Total area 687.08

 saturation extract of NH4OAc 1M, pH 7 (Chapman), exchange-
able Ca, extract of NH4OAc 1M, pH 7 (Chapman), exchangeable 
Mg, extract of NH4OAc 1M, pH 7 (Chapman), exchangeable Na, 
extract of NH4OAc 1M, pH 7 (Chapman), available Fe, DTPA-ex-

tractable method, using Atomic Absorption Spectrophotom-
eter (AAS). 

The soil characteristics in each land map unit was present-
ed in Table 2. 



4

SOIL SCIENCE ANNUALHerawati et al.

221711

Table 2
The characteristics of soil in each land map unit (LMU)

LMU Soil 
sample

pH
H2O

Tot-N
(%)

Av. P
(ppm)

Av. K
(cmol+kg–1)

OC 
(%)

CEC
(cmol+kg–1)

BS (%)

1 1 7.1 0.13 4.33 0.12 1.23 27.54 15.47

2 6.7 0.15 3.93 0.12 1.11 20.10 21.20

3 6.7 0.19 4.39 0.11 1.08 14.17 25.77

2 4 6.9 0.20 4.00 0.13 1.15 19.29 25.67

5 7.2 0.24 4.48 0.11 1.15 14.82 29.02

6 5.6 0.22 4.10 0.07 1.06 14.91 22.54

3 7 6.6 0.37 3.84 0.09 1.17 21.64 20.20

8 6.8 0.42 3.40 0.07 1.14 20.13 19.15

9 7.0 0.60 4.21 0.08 1.08 17.71 21.92

4 10 6.3 0.51 5.26 0.13 0.99 12.02 30.29

11 6.1 0.56 5.09 0.11 1.04 8.69 37.51

12 6.1 0.48 5.21 0.14 1.01 11.74 31.78

5 13 6.2 0.79 5.26 0.13 1.08 11.65 22.75

14 6.2 0.68 5.01 0.12 1.18 24.84 11.42

15 5.5 0.71 5.13 0.12 1.05 16.30 13.75

6 16 6.3 0.55 5.00 0.14 1.01 13.01 29.08

17 6.5 0.49 4.88 0.14 1.08 22.29 17.46

18 6.2 0.55 5.05 0.13 1.03 20.23 18.44

7 19 6.0 0.54 5.04 0.14 1.15 10.73 39.36

20 6.3 0.58 4.71 0.14 1.19 13.81 30.09

21 5.8 0.53 5.09 0.15 1.08 7.80 48.76

8 22 6.2 0.54 4.74 0.12 1.16 21.90 12.18

23 6.6 0.58 4.34 0.12 1.09 15.34 18.01

24 6.0 0.50 5.18 0.14 1.15 16.47 18.88

9 25 5.3 0.38 4.58 0.10 1.19 21.97 22.49

26 6.7 0.61 4.47 0.11 1.17 15.57 28.31

27 5.7 0.35 4.21 0.11 1.17 13.65 30.93

10 28 6.8 0.31 4.18 0.10 1.12 24.41 17.35

29 5.7 0.46 4.66 0.10 1.06 8.78 50.55

30 6.1 0.41 3.99 0.10 0.99 15.39 20.48

11 31 7.0 0.24 4.27 0.11 1.04 16.22 25.65

32 6.0 0.20 3.89 0.11 1.05 12.00 33.68

33 6.0 0.16 4.67 0.11 1.06 19.55 20.94

12 34 7.0 0.25 4.49 0.09 1.06 15.49 18.46

35 6.4 0.29 3.59 0.09 1.15 16.44 17.25

36 6.7 0.23 4.66 0.09 0.99 8.37 49.42

13 37 6.8 0.18 3.46 0.10 1.09 17.63 10.67

38 6.8 0.21 3.28 0.10 1.07 12.37 7.37

39 6.1 0.43 3.20 0.12 1.01 12.27 15.11

14 40 5.7 0.18 3.14 0.11 0.97 11.71 34.21

41 5.8 0.27 2.50 0.10 1.01 15.14 17.87

42 5.9 0.19 3.13 0.11 1.09 6.09 47.10

Mean 6.3 0.39 4.33 0.11 1.09 15.72 24.97

SD 0.48 0.18 0.69 0.02 0.07 4.94 10.73
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Table 2
The characteristics of soil in each land map unit (LMU) (continued)

LMU Soil 
sample

Exc. Na 
(cmol+kg–1)

Exc. Ca 
(cmol+kg–1)

Exc. Mg
(cmol+kg–1)

Av. Fe 
(ppm)

Sand 
(%)

Silt 
(%)

Clay 
(%)

Texture

1 1 0.46 0.09 3.59 0.20 31.88 26.91 41.21 C

2 0.52 0.06 3.56 0.19 31.36 36.88 31.76 CL

3 0.18 0.05 3.32 0.16 25.79 58.58 15.63 SiL

2 4 0.28 0.04 4.50 0.16 49.73 31.45 18.82 L

5 0.38 0.03 3.79 0.19 31.14 51.08 17.78 SiL

6 0.54 0.02 2.73 0.18 49.73 29.42 20.85 L

3 7 0.23 0.06 4.00 0.15 18.11 51.22 30.67 SiCL

8 0.13 0.04 3.65 0.17 40.45 31.30 28.25 CL

9 0.10 0.02 3.67 0.18 23.01 52.42 24.57 SiL

4 10 0.49 0.02 3.00 0.13 7.67 30.82 61.51 C

11 0.06 0.02 3.07 0.21 15.28 38.59 46.13 C

12 0.52 0.07 3.00 0.14 21.39 50.90 27.71 CL

5 13 0.41 0.02 2.09 0.22 3.27 57.47 39.26 SiCL

14 0.36 0.02 2.35 0.22 4.68 59.87 35.45 SiCL

15 0.31 0.02 1.81 0.14 18.27 30.96 50.77 C

6 16 0.17 0.02 3.46 0.12 31.32 25.98 42.70 C

17 0.25 0.04 3.46 0.14 21.91 41.57 36.52 CL

18 0.09 0.03 3.50 0.13 16.51 53.89 29.60 SiCL

7 19 0.16 0.02 3.93 0.15 17.43 61.91 20.66 SiL

20 0.10 0.02 3.90 0.17 15.53 60.99 23.48 SiL

21 0.07 0.04 3.55 0.24 16.47 62.62 20.91 SiL

8 22 0.03 0.01 2.51 0.11 27.34 36.42 36.24 CL

23 0.01 0.04 2.60 0.20 22.84 40.00 37.16 CL

24 0.01 0.01 2.97 0.18 21.50 26.30 52.20 C

9 25 0.45 0.02 4.37 0.13 8.15 10.28 81.57 C

26 0.22 0.05 4.02 0.13 56.55 3.13 40.32 SC

27 0.13 0.02 3.97 0.19 27.12 45.36 27.52 CL

10 28 0.07 0.04 4.03 0.13 19.24 76.19 4.57 Si

29 0.23 0.02 4.09 0.20 10.43 9.27 80.30 C

30 0.13 0.01 2.91 0.19 17.44 20.14 62.42 C

11 31 0.08 0.05 3.91 0.12 18.88 38.51 42.61 C

32 0.11 0.02 3.82 0.16 14.33 39.60 46.07 C

33 0.17 0.04 3.79 0.14 24.94 22.88 52.18 C

12 34 0.13 0.03 2.61 0.19 6.29 8.34 85.37 C

35 0.10 0.01 2.63 0.12 4.86 28.79 66.35 C

36 0.10 0.01 3.93 0.15 26.51 40.39 33.10 CL

13 37 0.09 0.02 1.67 0.13 16.02 35.05 48.93 C

38 0.10 0.04 0.67 0.17 13.75 9.06 77.19 C

39 0.08 0.05 1.61 0.17 15.55 37.38 47.07 C

14 40 0.07 0.01 3.82 0.18 12.75 33.20 54.05 C

41 0.20 0.01 2.39 0.16 14.00 31.17 54.83 C

42 0.18 0.02 2.55 0.19 14.50 30.34 55.16 C

Mean 0.20 0.03 3.21 0.17 21.05 37.30 41.65

SD 0.15 0.02 0.84 0.03 11.95 16.71 19.02

Explanations: Tot-N (total nitrogen); Av. P (available phosphorus), Av. K (available potassium), OC (organic carbon), CEC (cation exchange capacity), BS 
(base saturation), Exc. Na (exchangeable natrium), Exc. Ca (Exchangeable calsium), Exc. Mg (exchangeable magnesium), Av. Fe (available Fe), C (clay), 
SiL (silty loam), L (loam), SiCL (silty clay loam), CL (clay loam); SC (sandy clay); SD (standard deviation)
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Table 3
Nutrient index scoring

Indicator Unit Score

pH – < 6.0 (acidic) 6.1–8.0 (neutral) >8.0 (alkaline)

Organic Carbon % <0.5 (low) 0.5–0.75 (medium) >0.75 (high)

Total Nitrogen kg ha–1 <280 (low) 280–560 (medium) >560 (high)

Available P ppm <10 (low) 10–25 (medium) >25 (high)

Available K cmol+kg–1 <110 (low) 110–280 (medium) >280 (high)

Exc. Ca cmol+kg–1 <1.5 (low) 1.5–4.5 (medium) >4.5 (high)

Exc. Mg cmol+kg–1 <1.5 (low) 1.5–4.5 (medium) >4.5 (high)

Available Fe ppm <0.2 (low) 0.2–0.6 (medium) >0.6 (high)

Nutrient Index Index I II III

Source: Abdehvand et al. (2024)

Table 4
Nutrient index range

Nutrient 
Index

Range Description

I < 1.67 Low

II 1.67–2.33 Medium

III > 2.33 High

Source: Parker et al., (1951)

2.5.  The calculation of soil fertility index using Principal 
Component Analysis

Principal Component Analysis (PCA) is a linear reduction 
method with a simple theory of statistics, commonly used in 
statistical analysis. The result of PCA is a new variable called 
principal components (PC) obtained from the linear combi-
nation of the original variables. The first component (PC1) is 
the component with the dominant or greater variation, while 
the second component (PC2) is calculated below the first com-
ponent with the largest possible inertia (Emami et al., 2024). 
The indicators selected as Minimum Data Set (MDS) had a sig-
nificant correlation and an eigenvalue greater than 1. MDS is 
a minimum data set for determining the soil parameters that 
influence soil fertility. The probability classes (pc) are deter-
mined using Equation 2 by dividing the number of SFI classes 
(five classes). Soil samples that have undergone laboratory 
testing are then scored based on the BPSI Tanah dan Pupuk 
(2023) (Table 5). Wi  represents an index weight derived from 
the proportion divided by the cumulative, and Si represents 
the indicator score. The total weighted score of all MDS (cj) 
was calculated by multiplying Wi and Si (Equation 3). Sci is the 
MDS weighted, obtained by multiple Equation 2 and Equation 3 
(Equation 4). The calculation of SFI value was obtained through 
dividing of Sci by the total indicator number of MDS and multi-
pling by 10, as shown in Equation 5 (Mukashema, 2007). 

2.4.  The calculation of soil fertility index using Nutrient 
Index

The Nutrient Index method was first introduced by Parker 
et al., (1951) and is widely used today to determine the nutrient 
index that determines soil fertility. Laboratory analysis results 
are scored based on the nutrient index scoring in Table 3 (Ab-
dehvand et al., 2024). The Nutrient Index is divided into three 
classes: low, medium, and high then multiplied by 1, 2, and 3, 
respectively. For example, the soil sample in LMU 1 soil sam-
ple 1 has pH H2O value of 7.1; total nitrogen 0.13%; available 
P 4.33 ppm, it means that the LMU 1 has a score 2 for soil pH 
and 1 for total nitrogen and available P. The sum of the obtained 
numbers is divided by 100 to calculate the fertility index using 
Equation 1. 

( ) ( ) ( ){ }+ +
=  Equation 1

Where 
A = number of low-category soil samples; B = number of me-
dium-category soil samples; C = number of high-category soil 
samples; and TNS = total number of soil samples. 

The results of the calculation are then categorized accord-
ing to Table 4.

=  Equation 2

=  Equation 3

=  Equation 4

=  Equation 5

Where 
SFI = soil fertility index; Sci = MDS weighted; N = the total number 
of MDS indicators; Pc = Probability class; cj = total weighted 
score; wi = weighted index; Si = scoring index; nc = Number of 
classes. 
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Table 5
Soil fertility indicator scoring

Indicator Unit Score

1 2 3 4 5

pH – <4.5 and > 8.5 4.5–5.5 7.5–8.5 5.5–6.5 6.5–7.5

Organic Carbon % <1 1–2 2–3 3–5 >5

Total Nitrogen % <0.1 0.1–0.2 0.21–0.5 0.51–0.75 >0.75

Available P (Olsen) ppm <5 5–10 11–15 16–20 >20

Available K cmol+kg–1 <0.1 0.1–0.3 0.4–0.5 0.6–1.0 >1

Cation Exchange Capacity (CEC) cmol+kg–1 <5 5–16 17–24 25–40 >40

Exc. Ca cmol+kg–1 <2 2–5 6–10 11–20 >20

Exc. Mg cmol+kg–1 <0.3 0.4–1.0 1.1–2.0 2.1–8.0 >8

Exc. Na cmol+kg–1 <0.1 0.1–0.3 0.4–0.7 0.8–1.0 >1

Base Saturation % <20 20–40 41–60 61–80 >80

Texture* % C, S SiC, SL CL, SL SiL, Si, SiCL L

Source: Eviati et al., (2023); *Lal (1994)

The calculation results are then categorized according to 
Bagherzadeh et al., (2018) in Table 6. 

Table 6
Soil fertility index category classes

Soil Fertility Index Value

Very Low (VL) 0.00–0.25

Low (L) 0.25–0.50

Medium (M) 0.50–0.75

High (H) 0.75–0.90

Very High (VH) 0.90–1.00

Source: Bagherzadeh et al., (2018)

2.6. Statistical Analysis

There are several statistical analyses to evaluate the soil 
fertility. The t-test is used to compare the significance (p<0.05) 
of the Nutrient Index and Principal Component Analysis (PCA) 
methods in determining the soil fertility index. The Analysis 
of Variance (ANOVA) test is used to determine the effect of the 
source of diversity (soil type, land use, rainfall, and slope) on 
the soil fertility index using the Principal Component Analy-
sis and Nutrient Index methods at significance (p<0.05). The 
Pearson Correlation test is used to determine the correlation 
between soil characteristics and the soil fertility index, and to 
identify the determining factors of the soil fertility index. All of 
statistical analysis was conducted with Minitab Software. 

3. Results and discussion

3.1. Chemical soil properties

The interaction of chemical properties determines soil fer-
tility in mixed gardens and moorlands. Soil pH ranged between 

5.3–7.2, indicating slightly acidic to neutral conditions. Such 
conditions are generally suitable for nutrient availability, yet 
localized acidity may limit P and certain micronutrients (Asfaw 
and Zewudie, 2021). Similar conditions are reported in tropi-
cal volcanic soils elsewhere (Lal, 2020), where weathering and 
leaching tend to depress soil pH and nutrient retention. Nitro-
gen content ranged from 0.13% to 0.79%. The average value in 
mixed gardens (0.57%) was higher than in moorlands (0.29%), 
which can be attributed to denser vegetation cover and greater 
organic matter decomposition. This finding aligns with Yates et 
al. (2016), who observed that vegetation density and microbial 
activity enhance N cycling. As nitrogen is essential for vegeta-
tive growth, this distinction explains why mixed gardens have 
a relatively higher soil fertility than moorlands. 

Available phosphorus was low across both land uses, aver-
aging 5.00 ppm in mixed gardens and 3.96 ppm in moorlands. 
These values fall below the critical threshold for optimal crop 
productivity, highlighting P deficiency as a major constraint. 
Low P is often associated with fixation by Fe and Al oxides in 
volcanic soils and limited organic matter turnover (Peńa et al., 
2025). Compared with studies in other volcanic regions, P defi-
ciency appears to be a consistent challenge, suggesting that or-
ganic amendments and phosphate fertilization are crucial man-
agement strategies. Potassium levels were also deficient, rang-
ing from 0.07 to 0.15 cmol+ kg–1, with averages of 0.13 cmol+ kg–1 
in mixed gardens and 0.10 cmol+ kg–1 in moorlands. The low 
potassium status is most likely due to leaching processes under 
high rainfall, as reported by Lu et al. (2022). Since K is critical 
to crop quality and stress resistance, its scarcity underscores 
the need for targeted K management. Together with low P, this 
deficiency underscores the vulnerability of both land uses to 
macronutrient imbalances.

Organic carbon content averaged 1.09%, with slightly high-
er values in mixed gardens (up to 1.23%). Organic matter not 
only contributes directly to nutrient supply but also regulates 
microbial activity and soil structure (Zhang et al., 2025). The 



8

SOIL SCIENCE ANNUALHerawati et al.

221711

Table 7
The class of soil fertility index using the Nutrient Index 

LMU Scoring Index TNS Index Value Nutrient 
Index

pH N P K OC Fe Ca Mg pH N P K OC Fe Ca Mg

1 2 1 1 1 3 2 1 2 42 2.00 1.00 1.00 1.00 3.00 1.33 1.00 2.00 1.54 
(Low)

2 1 1 1 3 1 1 2 42

2 2 1 1 3 1 1 2 42

2 2 2 1 1 3 1 1 3 42 1.67 2.00 1.00 1.33 3.00 1.00 1.00 2.33 1.67 
(Medium)

2 2 1 1 3 1 1 2 42

1 2 1 2 3 1 1 2 42

3 2 3 1 1 3 1 1 2 42 2.00 3.00 1.00 1.33 3.00 1.00 1.00 2.00 1.79 
(Medium)

2 3 1 1 3 1 1 2 42

2 3 1 2 3 1 1 2 42

relatively higher organic carbon in mixed gardens is consistent 
with higher N levels, as both are closely linked through litter 
decomposition and mineralization. This relationship strength-
ens the role of vegetation management in sustaining fertil-
ity. CEC values ranged from 7.8 to 27.54 cmol+kg–1, averaging 
15.12 cmol+kg–1 in mixed gardens and 16.05 cmol+kg–1 in moor-
lands, which indicates moderate capacity to retain nutrients. 
However, base saturation remained low (<30%), with very low 
Ca (0.02–0.03 cmol+kg–1) and Mg content in the mixed garden, 
at 3.01 cmol+kg–1, while in the moorland it is 3.32 cmol+kg–1. The 
average Na content in both the mixed garden and the moor-
land is 0.2 cmol+kg–1, which falls within the low category, re-
flecting high leaching intensity and insufficient nutrient re-
plenishment (Awoonor et al., 2025). These patterns are typical 
of leached volcanic soils and impose severe constraints on crop 
growth, particularly for Ca-demanding crops such as coffee 
and coconut. Micronutrient Fe3+ was also found to be very low 
(1.13–2.42 ppm). While excessive Fe is often toxic, low Fe avail-
ability can limit enzyme functions and chlorophyll synthesis. 
The low Fe levels observed in both land uses further illustrate 
the systemic fertility limitations of these soils. 

Overall, mixed gardens demonstrated relatively better fer-
tility due to higher N and organic C, but both land uses exhib-
ited critical deficiencies in P, K, Ca, and base saturation. These 
parameters emerged as key drivers of soil fertility variation, 
as confirmed by their weights in both the Nutrient Index and 
PCA analyses. The combination of conventional fertility indi-
ces and multivariate analysis provides a more comprehensive 
understanding of fertility status, offering a scientific basis for 
site-specific nutrient management strategies.

3.2. Soil Fertility Index

The soil fertility index is used as a reference to determine 
the soil fertility potential for crop development. Soil fertility 
evaluation uses the nutrient index principle to identify which 
nutrients are used to determine the fertility index. Nutrients 

in the soil are used to assess soil fertility by examining their 
relationship with the natural and chemical properties of the 
soil. Soil fertility index using PCA methods, based on results 
from the Minimum Data Set (MDS), determines the main com-
ponents with a consistent spatial relationship between soil in-
dicators (Chen et al., 2021). The calculation uses Equation 5. 
The class of soil fertility index for each land map unit using the 
nutrient index is shown in Table 7, the Principal Component 
Analysis method is shown in Table 8, and the distribution of 
the soil fertility index is shown in Figure 2.

Based on Table 7, the soil fertility index using the Nutri-
ent Index method shows that the mixed garden has an average 
index value (1.72) and the moorland has a low average index 
value (1.62). It is indicates that the soil fertility index in mixed 
gardens is higher than that of moorlands. The differences in 
index values are attributed to variations in land use, soil man-
agement, and the types of cultivated commodities. The mixed 
garden has the shade of main trees, resulting in higher organic 
matter accumulation than moorland. Ali et al., (2025) noted 
that land use with dense vegetation cover significantly pro-
vides higher biomass in the upper soil layer. Zhu et al., (2025) 
also stated that land with dense vegetation, such as forests, gar-
dens, or mixed gardens, compared to other land uses, has high-
er soil organic matter content. Based  on Table 8, it is known 
that on moorland, LMUs 1 and LMUs 3 has the highest SFI val-
ue of 0.57, which is classified as medium, while the lowest is 
found in LMUs 13 with an SFI value of 0.46, which is classified 
as low. For the mixed garden, LMU 6 has the highest value of 
0.57, which falls into the medium category, while LMU 7 has 
the lowest value of 0.52, which falls into the medium category. 
However, overall, mixed garden land has an average SFI value 
of 0.54, which falls into the medium category, while moorland 
has an average SFI value of 0.51, which falls into the medium 
category. It can be seen that the mixed garden has a higher SFI 
than the moorland. In both mixed garden and moorland, if not 
managed properly, it will reduce productivity or soil fertility 
(Kharal et al., 2018). 



9

SOIL SCIENCE ANNUAL Comparative study of soil fertility index using Nutrient Index and PCA in Indonesia

221711

LMU Scoring Index TNS Index Value Nutrient 
Index

pH N P K OC Fe Ca Mg pH N P K OC Fe Ca Mg

4 2 3 1 1 3 1 1 2 42 2.00 3.00 1.00 1.00 3.00 1.33 1.00 2.00 1.79 
(Medium)

2 3 1 1 3 2 1 2 42

2 3 1 1 3 1 1 2 42

5 2 3 1 1 3 2 1 2 42 1.67 3.00 1.00 1.00 3.00 1.67 1.00 2.00 1.79 
(Medium)

2 3 1 1 3 2 1 2 42

1 3 1 1 3 1 1 2 42

6 2 3 1 1 3 1 1 2 42 2.00 3.00 1.00 1.00 3.00 1.00 1.00 2.00 1.75 
(Medium)

2 3 1 1 3 1 1 2 42

2 3 1 1 3 1 1 2 42

7 1 3 1 1 3 1 1 2 42 1.33 3.00 1.00 1.00 3.00 1.33 1.00 2.00 1.71 
(Medium)

2 3 1 1 3 1 1 2 42

1 3 1 1 3 2 1 2 42

8 2 3 1 1 3 1 1 2 42 1.67 3.00 1.00 1.00 3.00 1.33 1.00 2.00 1.75 
(Medium)

2 3 1 1 3 2 1 2 42

1 3 1 1 3 1 1 2 42

9 1 3 1 1 3 1 1 2 42 1.33 3.00 1.00 1.00 3.00 1.00 1.00 2.00 1.67 
(Medium)

2 3 1 1 3 1 1 2 42

1 3 1 1 3 1 1 2 42

10 2 2 1 1 3 1 1 2 42 1.67 2.67 1.00 1.00 3.00 1.00 1.00 2.00 1.67 
(Medium)

1 3 1 1 3 1 1 2 42

2 3 1 1 3 1 1 2 42

11 2 2 1 1 3 1 1 2 42 1.33 2.00 1.00 1.00 3.00 1.00 1.00 2.00 1.54 (Low)

1 2 1 1 3 1 1 2 42

1 2 1 1 3 1 1 2 42

12 2 2 1 1 3 1 1 2 42 2.00 2.00 1.00 1.33 3.00 1.00 1.00 2.00 1.67 (Low)

2 2 1 2 3 1 1 2 42

2 2 1 1 3 1 1 2 42

13 2 2 1 1 3 1 1 2 42 2.00 2.33 1.00 1.00 3.00 1.00 1.00 1.67 1.63 (Low)

2 2 1 1 3 1 1 1 42

2 3 1 1 3 1 1 2 42

14 1 2 1 1 3 1 1 2 42 1.00 2.00 1.00 1.00 3.00 1.00 1.00 2.00 1.50 (Low)

1 2 1 1 3 1 1 2 42

1 2 1 1 3 1 1 2 42

Explanations: LMU (Land Map Unit), pH (soil pH H2O), N (Total Nitrogen), P (Available P), K (Available K), OC (Organic Carbon), Fe (Available Fe), 
Ca (Exc. Ca), Mg (Exc.Mg), TNS (total number of soil samples)

Table 7 – continue
The class of soil fertility index using the Nutrient Index 
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Table 8
The class of soil fertility index using the Principal Component Analysis

LMU Scoring Index cj nc Pc Sci N SFI Average

pH P OC CEC Ca Mg

1 5 1 2 4 1 4 1.89 5 0.2 0.38 6 0.63 0.57
(Medium)5 1 2 3 1 4 1.71 5 0.2 0.34 6 0.57

5 1 2 2 1 4 1.53 5 0.2 0.31 6 0.51

2 5 1 2 3 1 4 1.71 5 0.2 0.34 6 0.57 0.52 
(Medium)5 1 2 2 1 4 1.53 5 0.2 0.31 6 0.51

4 1 2 2 1 4 1.46 5 0.2 0.29 6 0.49

3 5 1 2 3 1 4 1.71 5 0.2 0.34 6 0.57 0.57 
(Medium)5 1 2 3 1 4 1.71 5 0.2 0.34 6 0.57

5 1 2 3 1 4 1.71 5 0.2 0.34 6 0.57

4 4 2 1 2 1 4 1.55 5 0.2 0.31 6 0.52 0.53 
(Medium)4 2 2 2 1 4 1.62 5 0.2 0.32 6 0.54

4 2 2 2 1 4 1.62 5 0.2 0.32 6 0.54

5 4 2 2 2 1 3 1.51 5 0.2 0.30 6 0.50 0.54 
(Medium)4 2 2 3 1 4 1.80 5 0.2 0.36 6 0.60

4 2 2 2 1 3 1.51 5 0.2 0.30 6 0.50

6 4 2 2 2 1 4 1.62 5 0.2 0.32 6 0.54 0.57 
(Medium)5 1 2 3 1 4 1.71 5 0.2 0.34 6 0.57

4 2 2 3 1 4 1.80 5 0.2 0.36 6 0.60

7 4 2 2 2 1 4 1.62 5 0.2 0.32 6 0.54 0.52 
(Medium)4 1 2 2 1 4 1.46 5 0.2 0.29 6 0.49

4 2 2 2 1 4 1.62 5 0.2 0.32 6 0.54

8 4 4 2 3 1 4 1.64 5 0.2 0.33 6 0.55 0.53
(Medium)5 4 2 2 1 4 1.53 5 0.2 0.31 6 0.51

4 3 2 2 1 4 1.62 5 0.2 0.32 6 0.54

9 2 3 2 3 1 4 1.5 5 0.2 0.30 6 0.50 0.50
(Low)5 4 2 2 1 4 1.53 5 0.2 0.31 6 0.51

4 3 2 2 1 4 1.46 5 0.2 0.29 6 0.49

10 5 3 2 3 1 4 1.71 5 0.2 0.34 6 0.57 0.51
(Medium)4 3 2 2 1 4 1.46 5 0.2 0.29 6 0.49

4 3 1 2 1 4 1.39 5 0.2 0.28 6 0.46

11 5 3 2 2 1 4 1.53 5 0.2 0.31 6 0.51 0.51
(Medium)4 2 2 2 1 4 1.46 5 0.2 0.29 6 0.49

4 2 2 3 1 4 1.64 5 0.2 0.33 6 0.55

12 5 3 2 2 1 4 1.53 5 0.2 0.31 6 0.51 0.49
(Low)4 3 2 2 1 4 1.46 5 0.2 0.29 6 0.49

5 3 1 2 1 4 1.46 5 0.2 0.29 6 0.49

13 5 2 2 3 1 3 1.6 5 0.2 0.32 6 0.53 0.46 (Low)

5 2 2 2 1 1 1.2 5 0.2 0.24 6 0.40

4 3 2 2 1 3 1.35 5 0.2 0.27 6 0.45

14 4 2 1 2 1 4 1.39 5 0.2 0.28 6 0.46 0.48 (Low)

4 3 2 2 1 4 1.46 5 0.2 0.29 6 0.49

4 2 2 2 1 4 1.46 5 0.2 0.29 6 0.49

Explanations: LMU (land map unit), pH (soil pH H2O), P (Available P), OC (organic carbon), CEC (cation exchange capacity), Ca (Exc. Ca), Mg (Exc.Mg), cj 
(total weighted score (wi × si)), nc (number of classes), pc (probability class (1/nc)), Sci (MDS weights), N (the total number of MDS indicators ), SFI (soil 
fertility index)
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Fig. 2. The distribution of soil fertility index according to Nutrient index method (a) and Principal Component Analysis method (b).



12

SOIL SCIENCE ANNUALHerawati et al.

221711

The t-test is used to compare the Nutrient Index and Prin-
cipal Component Analysis (PCA) methods to determine any sig-
nificant differences in the soil fertility index results. Based on 
Table 9, the One-Sample T-Test showed that both the Nutrient 
Index (NI) and Principal Component Analysis (PCA) methods 
produced fertility index values significantly different from 
zero (NI: t = 64.931, p < 0.05; PCA: t = 57.879, p < 0.05). The mean 
value of NI (1.676) was slightly higher than PCA (1.564), and 
both confidence intervals excluded zero, confirming the sig-
nificance. These results indicate that NI and PCA provide sta-
tistically different fertility index estimates. NI tends to yield 
higher values due to its categorical scoring system, while PCA 
integrates multiple soil parameters into components that com-
press variability. This explains the significant difference found 
in the paired comparison test.

Table 10 presents the results of the ANOVA test comparing 
the sources of diversity (soil type, land use, rainfall,and slope) 
with the soil fertility index using the PCA (Principal Component 
Analysis) and NI (Nutrient Index) methods. This test is conduct-
ed as a step in identifying the determining factors of the soil 
fertility index. Based on Table 10, it can be seen that only land 
use variability (p=0.002) shows a statistically significant differ-
ence in both of two methods, as the p-value is less than 0.05. 
This is because the Nutrient Index directly evaluates soil fertil-
ity based on the availability of nutrients such as N, P, K, organic 
C, and pH, which are strongly influenced by land management 
practices (Awoonor et al., 2024). For instance, the mixed gar-
den soils usually receive higher and more consistent inputs of 
organic or inorganic fertilizers compared to moorland, which 
tends to be less intensively managed. Such differences in man-
agement practices lead to clear variations in nutrient content, 
thereby influencing the fertility index calculated using the Nu-
trient Index approach.

In contrast, the Principal Component Analysis (PCA) meth-
od revealed that both soil type and land use significantly af-
fected the soil fertility index. . Unlike the Nutrient Index, PCA 
reduces a wide range of soil chemical parameters into a set of 

principal components, allowing it to capture management-re-
lated differences and inherent soil characteristics (Arumugam 
et al., 2025). Soil type inherently influences fertility through fac-
tors such as clay content, mineralogy, solum depth, and weath-
ering intensity. For example, Inceptisols generally have lower 
natural fertility compared to Alfisols (Pal et al., 2025), and these 
differences are reflected in the principal components extract-
ed by PCA. Thus, PCA is more sensitive in detecting the effect 
of soil type, in addition to land use variability. These findings 
suggest that the Nutrient Index primarily emphasizes manage-
ment-induced differences in soil fertility, while PCA provides 
a broader perspective by integrating both management factors 
(land use) and pedogenetic factors (soil type). 

Table 11 showed the correlation test between the soil pa-
rameters and the soil fertility index. The aim of the correlation 
analysis is to identify the determining factors of soil fertility 
index in the tested parameters. A positive correlation indicates 
that the values of the two variables are directly proportional, 
while a negative correlation indicates that the two variables 
are inversely proportional and are opposite. Based on the cor-
relation results in Table 11, the Nutrient Index method shows 
significant correlations with parameters such as total nitrogen 
(N) (r = 0.741**) and available phosphorus (P) (r = 0.486**). 
In contrast, the Principal Component Analysis method shows 
correlations with parameters such as pH (r = 0.321*), organ-
ic carbon (C-organic) (r = 0.408**), available phosphorus (P) 
(r = 0.378*), cation exchange capacity (CEC) (r = 0.639*), mag-
nesium (Mg) (r = 0.381*), and texture (r = –0.466**). ANOVA 
test was then conducted to determine the effect on diversity, 
which has significantly different effects, namely soil type and 
land use. ANOVA test results for soil type on Nutrient Index cor-
relation parameters can be seen in Table 12. The ANOVA test 
results for soil type and land use on the Principal Component 
Analysis correlation parameter can be seen in Table 13.

Based on Table 12, the ANOVA results for soil type and 
land use on the correlation parameters of the Nutrient Index 
method indicate that land use has a significant effect, with 

Table 9
Comparison of two methods of soil fertility index 

One-Sample Statistics

N Mean Std. 
Deviation

Std. Error 
Mean

PCA 14 1.5643 .10113 .02703

NI 14 1.6764 .09660 .02582

One-Sample Test
Test Value = 0

t df Sig. 
(2-tailed)

Mean 
Difference

95% Confi dence Interval 
of the Difference

Lower Upper

PCA 57.879 13 0.000 1.56429 1.5059 1.6227

NI 64.931 13 0.000 1.67643 1.6207 1.7322

Explanations: signifi cance level at 5% ( p<0.05)

Table 10
The effect of source of diversity on the soil fertil-
ity index 

Source 
of Diversity

p-value

Nutrient 
Index

Principal 
Component 
Analysis

Soil Type 0.356 0.001

Land Use 0.002 0.003

Rainfall 0.291 0.249

Slope 0.073 0.551

Explanations: signifi cance level at 5% ( p<0.05).
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significance values for nitrogen (N) (p= 0.000) and available 
phosphorus (P) (p= 0.000). According to Table 13, the ANOVA 
results for soil type and land use on the correlation param-
eters of the Principal Component Analysis method show that 
soil type has a significant effect on pH (p= 0.008), organic car-
bon (p=. 0.028), cation exchange capacity (CEC) (p=0.032), and 
texture (p= 0.000). Meanwhile, land use has a significant effect 
on available phosphorus (P) (p= 0.000) and texture (p= 0.006). 
Therefore, the determining factors of the soil fertility index 
using the Nutrient Index method are total nitrogen and avail-
able phosphorus. Moreover, the determining factors of the soil 
fertility index using the Principal Component Analysis method 
are pH, organic carbon, available phosphorus, cation exchange 
capacity, and texture.

According to the determining factors, it can be concluded 
that land uses and soil types have impacted the soil fertility 
index through the physical and chemical soil properties. The 
addition of organic matter can be done to improve soil fertil-

ity in both mixed garden and moorland. This aligns with the 
research (Yang et al., 2024) which states that adding organic 
matter can improve soil fertility because organic matter con-
tains macro and micro nutrients. Biochar can also be added 
to upland fields because it has the potential to improve soil 
fertility (Ahmed et al., 2017). Specific nutrient addition can be 
done through fertilization based on the determining factors 
obtained. According to Kebalo et al., (2025) balanced fertiliza-
tion is used to provide a mixture of macro and micro nutri-
ents in appropriate doses, both organic and inorganic fertiliz-
ers. The Nutrient Index method is considered more specific in 
measuring soil fertility indices for each research parameter. 
According to Ahamad et al., (2021), NI provides fertility codes 
for each location, enabling recommendations for fertiliza-
tion based on fertility levels. The study by Abdel-Fattah et al., 
(2021) states that PCA is a method used to reduce the number 
of variables by identifying the most significant variables in 
a dataset.

Tabel 11
The correlation of soil parameters and soil fertility index

pH OC N P K CEC Ca Mg Na BS Fe Texture

OC 0.220

N –0.227 0.052

P –0.103 0.082 0.609**

K –0.164 0.023 0.400** 0.546**

CEC 0.337* 0.532** 0.064 0.002 0.117

Ca 0.431** 0.146 –0.230 –0.058 0.161 0.218

Mg 0.073 0.250 –0.131 0.208 0.033 0.138 0.083

Na –0.071 0.126 –0.038 0.210 0.044 0.196 0.297 0.052

BS 0.279 –0.230 –0.018 0.196 0.155 0.722** 0.102 0.490** 0.036

Fe –0.048 0.068 0.084 0.002 0.032 –0.252 0.036 –0.119 0.056 0.240

Texture –0.290 –0.237 –0.101 –0.175 –0.197 –0.168 –0.178 –0.351* –0.032 –0.083 –0.028

NI 0.191 0.129 0.741** 0.456** 0.178 0.109 0.033 –0.035 –0.038 –0.110 0.151 –0.258

PCA 0.321* 0.408** 0.150 0.378* 0.210 0.639** 0.222 0.381* 0.201 –0.159 –0.036 –0.466**

Explanations: pH (soil pH H2O), OC (organic carbon), N (total nitrogen), P (Available P), K (available K), CEC (cation exchange capacity), Ca (Exc. Ca), 
Mg (Exc.Mg), Na (exc. Na), BS (base saturation), Fe (available Fe), NI (Nutrient Index), PCA (Principal Component Analysis), *signifi cance level at 5%
(p<0.05), ** signifi cance level at 1% ( p<0.01).

Table 12
ANOVA results of soil type and land use on nu-
trient index correlation parameters diversity

Diversity P-value

N P

Land Use 0.000 0.000

Explanations: N (Total Nitrogen), P (Available 
P), signifi cance level at 5% ( p<0.05).

Table 13
ANOVA results of soil type and land use on principal component analysis correlation param-
eters

Diversity pH P-value

OC P CEC Mg Texture

Soil Type 0.008 0.028 0.408 0.032 0.157 0.000

Land Use 0.600 0.501 0.000 0.762 0.621 0.006

Explanations: pH (soil pH H2O), P (Available P), CEC (Cation Exchange Capacity), OC (Organic 
Carbon), Mg (Exc.Magnesium), signifi cance level at 5% ( p<0.05).
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4. Conclusions

In conclusion, the study demonstrated that evaluating soil 
fertility index using the Nutrient Index and Principal Compo-
nent Analysis in the mixed garden and moorland revealed dif-
ferent classes. The Nutrient Index approach showed that the 
mixed garden was more fertile than the moorland, whereas the 
values are medium (1.75) and low (1.62), respectively. Mean-
while, the PCA method classified both mixed garden and moor-
land as medium, with values of 0.54 and 0.51, respectively. The 
soil fertility index for each land map unit, on the other hand, 
revealed a separate class for each land use. A T-test showed 
significant differences (p = 0.000) between the two methods. 
The calculation of the NI method, based on specific nutrient 
thresholds, identified that phosphorus, potassium, iron, and 
calcium are in the low category, magnesium and pH are in the 
medium category, while organic carbon and nitrogen are in 
the high category. The determining factors in the NI method 
are total N and available P, with land use as the main source 
of variation. In contrast, the PCA method integrated a broader 
set of soil chemical and physical parameters into a multivari-
ate model, producing a soil fertility index that more holistically 
captured the fertility status, with soil pH, organic carbon, avail-
able P, and CEC as the determining factors, with soil type and 
land use as the main sources of variation. These values reflect 
the spatial heterogeneity and complexity of fertility patterns 
better than the univariate NI approach. PCA is appropriate for 
comprehensive soil fertility diagnostics, especially in diverse 
and multi-parameter landscapes, as it captures the interac-
tions between multiple soil attributes. Its strength lies in its 
capacity to reduce data complexity while maintaining mean-
ingful distinctions across fertility gradients. The Nutrient Index 
method is simpler and easier to apply as it utilizes fewer soil 
parameters. This research contributes to the growing body of 
knowledge advocating for multivariate approaches in soil fer-
tility assessment. It suggests that while traditional index-based 
methods remain relevant, integrative statistical techniques, 
such as PCA, should be adopted more widely to support evi-
dence-based decision-making in soil management and sustain-
able agriculture planning.

Acknowledgments

This research was supported by the Research and Commu-
nity Services Directorate of the Ministry of Higher Education, 
Research and Technology of Indonesia, with contract number 
105/C3/DT.05.00/PL/2025 and contract number Institute of Re-
search and Community Service (LPPM)-Universitas Sebelas 
Maret: 1186.1/UN27.22/PT.01.03/2025.

Conflict of interest 

The authors declare no conflict of interest. The authors de-
clare that they have no known competing financial interests or 
personal relationships that could have appeared to influence the 
work reported in this paper. This research did not involve hu-
man or animal subjects.

Author Contributions 

Aktavia Herawati – Conceptualization, Data curation, 
Funding acquisition, Investigation, Methodology, Supervision, 
Validation, Writing – original draft; Rahayu – Conceptualization, 
Investigation, Methodology, Supervision; Ganjar Herdiansyah 
– Investigation, Validation, Data curation, Supervision, Valida-
tion, Writing – review & editing; Mujiyo – Conceptualization, 
Investigation, Supervision, Validation; Enriko Dzaki Pradana 
– Investigation, Writing – review & editing. All authors read and 
approved the final manuscript.

References

Abdehvand, Z.Z., Karimi, D., Rangzan, K., Mousavi, S.R., 2024. Assessment 
of soil fertility and nutrient management strategies in calcareous 
soils of Khuzestan province : a case study using the Nutrient Index 
Value method. Environmental Monitoring and Assessment 196(503). 
https://doi.org/10.1007/s10661-024-12665-4

Abdel-Fattah, M.K., Mohamed, E.S., Wagdi, E.M., Shahin, S.A., Aldosari, 
A.A., Lasaponara, R., Alnaimy, M.A., 2021. Quantitative evaluation of 
soil quality using principal component analysis: The case study of 
El-Fayoum depression Egypt. Sustainability (Switzerland) 13(4), 1–19. 
https://doi.org/10.3390/su13041824

AbdelRahman, M.A.E., Hegab, R.H., Yossif, T.M.H., 2021. Soil fertility as-
sessment for optimal agricultural use using remote sensing and 
GIS technologies. Applied Geomatics 13(4), 605–618. https://doi.
org/10.1007/s12518-021-00376-1

Ahamad, A., Gupta, A.K., Kumar, D., 2021. Soil fertility evaluation using 
nutrient index approach. Journal of Krishi Vigyan 10(1), 276–282. 
https://doi.org/10.5958/2349-4433.2021.00106.9

Ahmed, F., Islam, M.S., Iqbal, M.T., 2017. Biochar amendment improves 
soil fertility and productivity of mulberry plant. Eurasian Journal of 
Soil Science (Ejss) 6(3), 226–226. https://doi.org/10.18393/ejss.291945

Ali, D., Hussain, A., Begum, F., Lin, C., Ali, S., Ahsan, W.A., Hussain, A., 
Hussain, F., 2025. Assessing the impact of land use and land cover 
changes on soil properties and carbon sequestration in the upper 
Himalayan Region of Gilgit, Pakistan. Sustainable Chemistry One 
World 5, 100038. https://doi.org/10.1016/j.scowo.2024.100038

Amara, D.M.K., Patil, P.L., Kamara, A.M., Saidu, D.H., 2017. Assessment of 
soil fertility status using nutrient index approach. Academia Journal 
of Agricultural Research 6(ISSN: 2315-7739), 028–038.

Arumugam, T., Kinattinkara, S., Vellingiri, K., Arumugam, M., Rajama-
ni, J., Jayaseelan, A.,  2025. Assessment of agricultural soil quality in 
macro and micronutrient analysis of Kasargod, Kerala, India, using 
GIS techniques. Journal of Hazardous Materials Advances 100846. 
https://doi.org/10.1016/j.hazadv.2025.100846

Asfaw, A., Zewudie, S., 2021. Soil macrofauna abundance, biomass and se-
lected soil properties in the home garden and coffee-based agroforest-
ry systems at Wondo Genet, Ethiopia. Environmental and Sustainabil-
ity Indicators 12, 100153. https://doi.org/10.1016/j.indic.2021.100153

Awoonor, J.K., Amoako, E.E., Dogbey, B.F., Wiredu, I., 2024. Quantitative 
analysis of soil degradation in response to land use change in the 
Guinea savanna zone of Ghana. Geoderma Regional 37 (June 2023), 
e00779. https://doi.org/10.1016/j.geodrs.2024.e00779

Awoonor, J.K., Amoakwah, E., Buri, M.M., Dogbey, B.F., Gyamfi, J.K., 2025. 
Impact of land use on soil quality: Insights from the forest-savan-
nah transition zone of Ghana. Heliyon 11(1), e41183. https://doi.
org/10.1016/j.heliyon.2024.e41183

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



15

SOIL SCIENCE ANNUAL Comparative study of soil fertility index using Nutrient Index and PCA in Indonesia

221711

Chapman, H.D., 1965. Cation-exchange capacity. Methods of Soil Analysis, 
Part 2: Chemical and Microbiological Properties 891–901. https://doi.
org/10.2134/agronmonogr9.2.c6

Chaudhry, H., Vasava, H.B., Chen, S., Saurette, D., Beri, A., Gillespie, A., 
Biswas, A., 2024. Evaluating the soil quality index using three meth-
ods to assess soil fertility. Sensors 24(3). https://doi.org/https://doi.
org/10.3390/s24030864

Chi, Y., Sun, J., Fu, Z., Xie, Z., 2020. Which factor determines the spatial 
variance of soil fertility on uninhabited islands? Geoderma 374 
(March), 114445. https://doi.org/10.1016/j.geoderma.2020.114445

Dewi, W.S., Purwanto, Anisa, S.S., Hartati, S., 2024. Assessing soil fertility 
index under different forest land cover. Sains Tanah 21(2), 179–190. 
https://doi.org/10.20961/stjssa.v21i2.67056

Emami, N.S., Chavoshi, E., Ayoubi, S., Honarjoo, N., Zeraatpisheh, M., 
2024. Comprehensive assessment of soil quality in various land 
uses: A comparative analysis of soil quality index models. Environ-
mental Earth Sciences 83(17), 1–17. https://doi.org/10.1007/s12665-
024-11789-7

Eviati. et al., 2023. Petunjuk teknis analisis kimia tanah, tanaman, air, 
dan pupuk (3rd ed.). Bogor: Kementerian Pertanian Republik Indo-
nesia.

FAO, 2021. Standard operating procedure for soil pH determinati-
on. In International Organization (Vol. 1). https://doi.org/10.1017/
S0020818300006160

Febriani, S.R., Ariyanto, D.P., Cahyono, O., Tarmadi, D., 2025. The impact 
of termite activity on soil fertility : A case study in pine stands in the 
alas bromo education forest area. AgriHealth: Journal of Agri-Food, 
Nutrition and Public Health 6(1), 21–30.

Hairiah, K. et al., 2025. Soil health indicators, farmer concepts and car-
bon market standards in agroforestation of underutilized lands in 
West Sumatra (Indonesia). Soil Advances 3(10), 100051. https://doi.
org/10.1016/j.soilad.2025.100051

Ismardani, Y., 2024. Kabupaten Karanganyar dalam Angka. Karanga-
nyar: BPS Kabupaten Karanganyar.

Kebalo, L.F., Vieublé Gonod, L., Garnier, P., Houot, S., 2025. Combining bio-
based fertilizers with amendment and fertilizing value as a sustain-
able way for cherry tomato production. Journal of Agriculture and 
Food Research 21(March). https://doi.org/10.1016/j.jafr.2025.101843

Khadka, D., Lamichhane, S., Shrestha, S.R., Pant, B.B., 2017. Evaluation 
of soil fertility status of Regional Agricultural Research Station, 
 Tarahara, Sunsari, Nepal. Eurasian Journal of Soil Science (Ejss) 6(4), 
295–306. https://doi.org/10.18393/ejss.303512

Kharal, S., Khanal, B.R., Panday, D., 2018. Assessment of soil fertility under 
different land-use systems in Dhading District of Nepal. Soil Systems 
2(4), 1–8. https://doi.org/10.3390/soilsystems2040057

Lal, R., 1994. Methods and guidlines for assessing sustainable use of soil 
and water resources in the tropics. Washington: Soil Management 
Support Service USDA Soil Conservation Service.

Lal, R., 2020. Soil organic matter content and crop yield. Journal of 
Soil and Water Conservation 75(2), 27–32. https://doi.org/10.2489/
JSWC.75.2.27A

Legowo, B., Putra, S., Mufti, M.K.I., Purwanto, H., Rifai, H., Suryanto, W., 
Purnama, B., 2023. Identification pyroclastic flow of magnetic miner-
als (Holocene volcano): A case study of paleo-volcano Lawu on the 
south side, Central Java, Indonesia. Kuwait Journal of Science 50(4), 
724–730. https://doi.org/10.1016/j.kjs.2023.04.011

Lu, D., Dong, Y., Chen, X., Wang, H., Zhou, J., 2022. Comparison of potential 
potassium leaching associated with organic and inorganic potassium 
sources in different arable soils in China. Pedosphere 32(2), 330–338. 
https://doi.org/10.1016/S1002-0160(21)60077-2

Mujiyo, Nariyanti, S., Suntoro, Herawati, A., Herdiansyah, G., Irianto, H., 
Riptanti, E.W., Qonita, A., 2022. Soil fertility index based on altitude: 
A comprehensive assessment for the cassava development area in 
Indonesia. Annals of Agricultural Sciences 67(2), 158–165. https://doi.
org/10.1016/j.aoas.2022.10.001

Mukashema, A., 2007. Mapping and modelling landscape-based soil fertil-
ity change in relation to human induction. International Institute for 
Geo-Information Science and Earth Observation Enschede.

Oladele, S.O., 2019. Changes in physicochemical properties and quality 
index of an Alfisol after three years of rice husk biochar amendment 
in rainfed rice – Maize cropping sequence. Geoderma 353, 359–371. 
https://doi.org/10.1016/j.geoderma.2019.06.038

Olsen, S.R., Cole, C.V., Watanabe, F.S., Dean, L.A., 1954. Estimation of avail-
able phosphorus in soils by extraction with sodium bicarbonate. In 
United States Department of Agriculture (USDA). Washington, D.C.

Pal, D.K., Datta, A., Vasu, D., Paul, R., Karthikeyan, K., Tiwary, P., 2025. 
Pedological and taxonomical research of Indian tropical soils for ful-
filling the UN SDGs: Current status and the future scope. Soil Security 
18, 100179. https://doi.org/10.1016/j.soisec.2025.100179

Parker, F.W., Nelson, W.L., Winters, E., Miles, I.E., 1951. The broad inter-
pretation and application of soil test information. Agronomy Journal 
43(3), 105–112. https://doi.org/10.2134/agronj1951.0002196200430003
0001x

Peńa, O.L., Andreote, F.D., Ortiz, J., Soto, J., Arriagada-Escamilla, C., 2025. 
Rhizobacteria provide resistance to Gaultheria mucronata (Eri-
caceae) against seasonal variability in volcanic scoria soils. Rhizo-
sphere 35. https://doi.org/10.1016/j.rhisph.2025.101137

Setiawan, J., Kaswanto, Sjaf, S., Aulia, R., Parahita, A.A., Rohadi, P.P., 2024. 
Plant biodiversity of mixed garden in Lariang Mamasa Watershed , 
West Sulawesi. IOP Conf. Series: Earth and Environmental Science 1. 
https://doi.org/10.1088/1755-1315/1359/1/012091

Soil Survey Staff., 2022. Keys to soil taxonomy. In Keys to soil taxonomy 
(Vol. 13). Retrieved from http://www.nrcs.usda.gov/Internet/FSE_
DOCUMENTS/nrcs142p2_051546.pdf

Suntoro, S., Hikmah, F., Mujiyo, M., Syamsiyah, J., 2023. The distribution 
of soil fertility index and its interaction with earthworms density un-
der organic semi-organic, and inorganic rice fields. Soil Science An-
nual 74(4), 1–15. https://doi.org/10.37501/soilsa/184158

Supriyadi, Mustikaningrum, I.A., Herawati, A., Purwanto, P., Sumani, S., 
2018. Soil quality assessment in organic and non organic paddy fields 
in Susukan, Indonesia. Bulgarian Journal of Agricultural Science 
24(5), 777–784. Retrieved from https://www.agrojournal.org/24/05-
07.html

Walkley, A., Black, I.A., 1934. An examination of the Degtjareff method for 
determining soil organic matter, and a proposed modification of the 
chromic acid titration method. Soil Science 37(1), 29–38. https://doi.
org/10.1097/00010694-193401000-00003

Wu, X., Zhang, L., Fan, Q., Wang, X., Deng, A., Xie, Y., Su, B., 2025. A regional 
comprehensive soil quality evaluation method for orchard green ag-
ricultural development: Integrating soil fertility and environmental 
indicators in Hainan, China. Italian Journal of Agronomy (February), 
100042. https://doi.org/10.1016/j.ijagro.2025.100042

Yang, F., He, B., Dong, B., Zhang, G., 2024. Film-straw dual mulching im-
proves soil fertility and maize yield in dryland farming by increasing 
straw-degrading bacterial abundance and their positive cooperation. 
Agriculture, Ecosystems and Environment 367(1), 108997. https://doi.
org/10.1016/j.agee.2024.108997

Yates, C.A., Johnes, P.J., Spencer, R.G.M., 2016. Assessing the drivers of dis-
solved organic matter export from two contrasting lowland catch-
ments, U.K. Science of the Total Environment 569–570, 1330–1340. 
https://doi.org/10.1016/j.scitotenv.2016.06.211

Zhang, Z., Hu, L., Liu, Y., Guo, Y., Tang, S., Ren, J., 2025. Land use shapes 
the microbial community structure by altering soil aggregates and 
dissolved organic matter components. Journal of Integrative Agricul-
ture 24(3), 827–844. https://doi.org/10.1016/j.jia.2024.07.018

Zhu, X., Shen, Y., Yuan, X., Singh, A. K., Jin, L., Yang, B., Yuan, C., Jiang, X., 
Liu, W., 2025. Divergent responses of soil aggregate-associated organ-
ic carbon fractions and carbon flow pathways to land-use changes in 
karst ecosystems: Insights from δ13C signature. Catena 249, 108695. 
https://doi.org/10.1016/j.catena.2024.108695



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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


