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Abstract. Negari SIT, Ningtyas SRA, Hanun Z, Sulton MN, Kusumaningrum L, Indrawan M, Sugiyarto, Sutomo, Setyawan AD. 2023. 
Agroforestry suitability evaluation using remote sensing in Jatiyoso Sub-district, Karanganyar District, Central Java, Indonesia. 
Biodiversitas 24: 6761-6769. Agroforestry systems are critical for biodiversity conservation, land degradation mitigation, and climate 

change mitigation. This agroforestry approach reduces forest degradation, boosts food security, and gradually raises farmers' income. 
This study uses remote sensing and Geographic Information System (GIS) modeling tools to analyze land potential and agroforestry 
status in Jatiyoso Sub-district, Karanganyar District, Central Java, Indonesia. The data used in the analysis support data for soil fertility 
index, rainfall, Shuttle Radar Topography Mission (SRTM) satellite image data, and Normalized Difference Vegetation Index (NDVI). 
Modeling was done by integrating various thematic layers in the GIS domain. Weighting was also carried out in the analysis of land 
suitability. The mapping results in Jatiyoso Sub-district, Karanganyar District, showed that 18.1% (13.49 km2) had high potential as 
agroforestry areas, 54.9% (40.95 km2) had medium potential, and 27% (20.18 km2) had low potential. As a result, using remote sensing 
and GIS to determine suitable land for agroforestry could significantly impact the community, particularly farmers, landowners, and 

foresters, in the decision-making process for developing agroforestry systems and practices and estimating important productivity 
indicators. The most promising and appropriate agroforestry plants developed in Jatiyoso Sub-district are medicinal plants, but 
agricultural commodities like cloves, bananas, and vegetables are also present. 

Keywords: Agroforestry, GIS modeling, soil fertility, thematic layers 

INTRODUCTION 

Agroforestry is a type of multi-canopy land use that 

combines trees and shrubs with seasonal crops and animals 

(livestock, fishery) in one field. (Olivi et al. 2015). This 

diverse composition makes agroforestry have a role and 

function closer to forests than agriculture, plantations, 
vacant land, or abandoned land (Widianto et al. 2003). In 

its most basic form, agroforestry is planting trees on 

agricultural land, with farmers or communities as the primary 

component (Tjatjo et al. 2015). In agroforestry, there are 

ecological and economic interactions among the 

components involved. The agroforestry system was 

established to reduce forest destruction/encroachment 

activities while increasing farmers' income sustainably. The 

agroforestry system is important in biodiversity 

conservation efforts where many local and semi-natural 

introduced species are found (Atangana et al. 2014). 
Agroforestry systems emphasize versatile tree species and 

determine the associations between planted vegetation 

types. Trees are important in agroforestry and contribute 

significantly to biodiversity conservation and 

environmental protection. The domestication of trees on 

farms not only improves soil fertility but can also help 

improve microclimate, serve as fences, act as windbreaks, 

improve the hydrological cycle of the area and increase 

wildlife diversity. In agroforestry, trees can also produce 

various products ranging from food, medicine, and timber. 
Therefore, many agroforestry farmers consider trees as part 

of their livelihood rather than just a forest resource. 

Jatiyoso is one of the sub-districts located in 

Karanganyar District, Central Java, Indonesia, with an area 

of 67.16 km2 and an average altitude of 950 meters above 

sea level (BPS 2021). According to Pujiasmanto et al. 

(2021), the Jatiyoso Sub-district has land suitable for 

agriculture, especially agroforestry, with soil types 

consisting of reddish-brown lithosol, brown andosol 

complex, and lithosol. They stated that prominent 

agricultural commodities in Jatiyoso Sub-district include 
cloves, bananas, vegetables, and medicinal plants. Land in 

Jatiyoso Sub-district is also used as agroforestry land 

ranging from rice fields (sawah), dry fields (tegal), 

yards/home gardens (pekarangan), gardens (kebon), ponds 

(kolam), to plantations (perkebunan). According to 
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Pujiasmanto et al. (2021), the Jatiyoso area is a suitable 

area to be developed as an agroforestry area, especially for 

medicinal plants. The existence of agroforestry in the 

Jatiyoso sub-district supports and accelerates the economic 

growth rate of the Jatiyoso community. According to 

Martini et al. (2013), the existence of agroforestry extension 

activities in an area can be used to improve the livelihoods 

of local communities through the establishment of business 

entities and to build sustainable alternative livelihoods that 

contribute to improving the welfare of local communities 
and improving biodiversity conservation strategies.  

The land suitability index could determine the land 

suitability level for agroforestry systems (Widiyanto and 

Suhartono 2017). Land suitability describes the level of 

suitability of a piece of land for a particular use. 

Meanwhile, land suitability evaluation is defined as 

estimating the level of land suitability for various 

alternative land uses, both agricultural and non-agricultural 

(Ritung et al. 2011). Satellite imaging, often known as 

remote sensing, is one way that can be used to assess land 

suitability. According to Lillesand and Ralph (2002), 
remote sensing requires analysis and interpretation to 

acquire data about an object, area, or phenomenon without 

observing the object directly. Evaluating land suitability 

requires spatial data in maps to classify land suitability 

with statistical data using Geographic Information Systems 

(GIS). Remote sensing and GIS play a role in presenting all 

land use data. 

Furthermore, spatial data can be presented and 

informed in a computerized system using software that can 

provide information quickly and accurately (Rehmamana et 

al. 2020). Thus, this research was conducted to assess the 

potential and status of agroforestry in Jatiyoso Sub-district, 

Karanganyar District, using remote sensing. We expect that 

the findings of this study will be useful to policymakers in 

improving agroforestry in the study area. 

MATERIALS AND METHODS 

Study area 

This research was conducted from June to July 2023 in 

Jatiyoso Sub-district, Karanganyar District, Central Java, 

Indonesia (7°41'21.98"-7°45'26.30"S and 111°3'0.75"-
111°11'11.69"E) by remote sensing approach (Figure 1). In 

this research, the author did direct observations in the 

location to ground check and needed spatial data of the 

Jatiyoso Sub-district area to be processed (Table 1). The 

Jatiyoso Sub-district has an area of 67.16 km2 with an 

altitude of ± 950 meters above sea level (m asl.). This sub-

district borders Tawangmangu Sub-district to the north, 

Jatipurna Sub-district to the east, Girimarto Sub-district to 

the south, and Jumapolo Sub-district to the west. Land use 

in the Jatiyoso Sub-district consists of natural forests, rice 

fields, and mixed gardens (BPS 2021). The land in this sub-
district is mostly agricultural, with good potential for the 

growth and development of agro-industrial plants. Crops 

generally cultivated are rice, corn, cassava, and peanuts or 

other beans (Mujiyo et al. 2022). Animal husbandry, 

including cattle, goats, sheep, chickens, and rabbits, is 

common in the Jatiyoso Sub-district (BPS 2021). 

 
 
 

 
 

Figure 1. Study area in Jatiyoso Sub-district, Karanganyar District, Central Java, Indonesia 
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Procedures 

The data used to determine the potential of agroforestry 

are soil fertility, slope, rainfall, NDVI, and elevation. Table 

1 shows the data required to process soil fertility, slope, 

rainfall, NDVI, and elevation. Our study did not include 

soil moisture or wetness index as a separate factor affecting 

land suitability for agroforestry. Soil moisture is a 

hydrological variable associated with vegetation growth 

(Swain et al. 2013) and has a linear relationship with NDVI 

(Mohamed et al. 2020) and rainfall (Ahmad et al. 2019). 
NDVI indicates vegetation density, where vegetation plays 

a role in preventing excessive water runoff (Zhang et al. 

2018) so that water tends to be retained in the soil. High 

rainfall will also support the availability of large amounts 

of water in an area. So, looking at land conditions with 

dense vegetation and high rainfall indirectly indicates soil 

moisture conditions. A flow diagram of agroforestry 

potential analysis is shown in Figure 2. 

Soil fertility  

Soil fertility consists of several important indicators, 

including the elements nitrogen (N), phosphorus (P), and 
potassium (K), which are required in large quantities for 

plant growth. The soil's pH range also affects the 

availability of nutrients for plants. Data on the percentage 

of organic carbon is also needed, as organic carbon helps 

improve soil structure, resulting in a higher release of 

nutrients for plant growth. Data related to nitrogen, 

phosphorus, potassium, soil pH, and organic carbon in 

Jatiyoso Sub-district, Karanganyar District, were obtained 

from secondary data from research by Mujiyo et al. (2022) 

on the Soil Fertility Index based on altitude located in 

Jatiyoso Sub-district, Karanganyar District. In this 
research, there were several soil indicators observed, 

including pH, organic carbon, total nitrogen, available 

phosphorus (Av-P), available potassium (Av-K), cation 

exchange capacity (CEC), base saturation, exchangeable 

calcium (Ex-Ca), and exchangeable magnesium (Ex-Mg). We 

analyzed the results of Mujiyo et al. (2022) to create a 

raster dataset specific to our study location. 

Slope 

The slope shows the natural appearance of the 

difference in elevation between two places (change in land 

elevation per unit distance) on delicate surfaces or slopes 

because water can be stored longer and provide sufficient 
moisture for plant growth. Conversely, water will flow 

faster on steep slopes, so very little water can be stored in 

the soil. SRTM (Shuttle Radar Topography Mission) data 

(https://earthexplorer.usgs.gov) obtained through the USGS 

Earth Explorer portal was used to calculate the slope. 

Rainfall 

Rainfall is an important parameter, where its spatial 

variation has a positive relationship with the FAO crop 

growth matrix in land resource assessment. Spatial rainfall 

patterns were processed with ArcGIS software using the 

Kriging interpolation method. Rainfall data from the 

beginning of rainfall observation until 2022 was obtained 

through the Water Resources Information and Data Service 

by the Bengawan Solo River Basin Agency (pers. comm.).  

Normalized Difference Vegetation Index (NDVI) 
The Normalized Difference Vegetation Index (NDVI) 

is a widely used vegetation index that accurately describes 

vegetation's health and vigor through remote sensing data. 

NDVI data in the form of Landsat Image data taken on 28 

May 2023. NDVI data can be obtained through the USGS 

Earth Explorer portal at https://earthexplorer.usgs.gov. 

Based on Sulton et al. (2023), to determine the area of 

vegetation with non-vegetation, the following formula is 

used: 

NDVI = (NIR-RED)/(NIR+RED) 

Where: 
NDVI  : Normalized Difference Vegetation Index 

NIR : Near infrared channel reflectance  

RED : Red channel reflectance 

Altitude  

Elevation data is necessary because it is one of the 

important factors affecting plant growth. Based on the tree 

line concept, as altitude increases, temperature and 

vegetation will decrease (Subedi et al. 2022). In the process 

of photosynthesis and plant respiration, temperature has a 

significant influence on plant growth and development. 

SRTM (Shuttle Radar Topography Mission) data was used 
to calculate the slope (https://earthexplorer.usgs.gov) from 

the USGS Earth Explorer portal. 

 

 

 
 
Figure 2. Flow chart of agroforestry potential analysis 

 
 
Table 1. Collected datasets in the study 
 

Dataset File type Data type Spatial resolution Sources 

Study area boundary Shp Polygon  GADM 

Soil fertility Tiff Raster 30 m Mujiyo et al. (2022) 
SRTM Tiff Raster 30 m USGS Earth Explorer (https://earthexplorer.usgs.gov) 
NDVI Tiff Raster 30 m USGS Earth Explorer (https://earthexplorer.usgs.gov) 
Rainfall data excl   Bengawan Solo River Basin Agency (pers. comm.) 
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Data analysis 

Mapping agroforestry potential  

The potential of the agroforestry map was generated by 

integrating soil fertility, slope, rainfall, NDVI, and altitude 

in a GIS modeling concept, giving weights and ratings to 

each parameter (Subedi et al. 2020). 

Ap = 40%Sf+30%S+10%R+10%NDVI+10%E 

Where: 

Ap : Potential of agroforestry 

S  : Slope  
R  : Rainfall  

NDVI  : Normalized Difference Vegetation Index 

E  : Elevation 

Validation of results 

Results are validated to show the accuracy of the 

classification based on available geographic data. 

Validation of the results was carried out by selecting 36 

sample points consisting of sample points with high, 

medium, and low categories based on the results of 

mapping the potential of agroforestry with each category; 

there are 12 sample points and comparing them with 
Google Earth data (Ahmad et al. 2021). Validation of the 

image results is necessary to determine how accurate the 

resulting classification is based on the available geographic 

data by conducting field checks against a sample of 

reference images used for analysis (Taloor et al. 2020). The 

validation assessment was conducted using a confusion 

matrix by calculating the Kappa coefficient and overall 

accuracy. The Kappa coefficient has long been used to 

express image classification accuracy to produce thematic 

maps (Foody 2020). The Kappa coefficient formula was 

used to determine the overall accuracy level (Rwanga and 
Ndambuki 2017) and user accuracy as follows: 

 

Overall accuracy (%) = (Number of correct pixels/Total 

number of pixels) x 100% 

User's accuracy (%) = (correctly classified pixels/Total 

pixels classified) x 100% 

Kappa coefficient (K) = (Po-Pe)/(1-Pe) 

 

Where: 

Po: Proportion of correctly classified pixels  

Pe: Proportion of correctly classified pixels expected by 

chance 

RESULTS AND DISCUSSION 

Agroforestry suitability mapping  

Soil fertility map 

Soil fertility is the ability of soil to provide sufficient 

nutrients for plant growth and yield (Anna 2021). The 

assessment's contribution to this variable is highest when 

compared to other variables since soil fertility is the 

element that is thought to have the greatest impact on the 

appropriateness of agroforestry land. Healthy soil 

conditions are the most important resource for ecosystems 

and agricultural activities, especially for the growth and 

development of plants that are important in regulating 

metabolic activities (Ahmad et al. 2020); hence, they can 

support the provision of food production and other 

ecosystem services (Dollinger and Jose 2018). In soil 

fertility mapping (Table 2), a weighting of 40% is carried 

out with a classification in 5 categories, namely the very 

low category (<0.25), low category (0.25-0.50), medium 

category (0.50-0.75), high category (0.75-0.90), and very 

high category (0.90-1.00). Based on the results of the soil 

fertility map (Figure 3.A), it can be seen that soil fertility in 
eastern Jatiyoso is in the medium class, and in western 

Jatiyoso is in the high class. So, looking at the soil fertility 

level, the research area is very suitable for agroforestry 

activities. 

Slope map  

The slope is the surface of the earth that has a certain 

angle of inclination to a flat plane. The slope is the ratio 

between height difference and distance. One alternative 

method often applied to map slopes is utilizing elevation 

from DEM SRTM and ASTER data, which is considered 

the height of the land surface (Mahmudi et al. 2015). The 
data is then used for slope extraction and then reclassified 

into five categories, namely very high category (<2o), high 

category (2-8o), moderate category (8-16o), low category 

(16-24o), and very low category (>24o) (Subedi et al. 2022). 

Based on the soil fertility map results (Figure 3.B), it can 

be seen that most of the slope levels in the research 

location fall into the very low category of >24o. 
 
 
Table 2. Weight, value, and rating assigned to determine the 
potential of agroforestry 
 

Agroforestry 

Suitability 

Mapping 
Weights % 

Value/ 

Description 
Ranks Suitability 

Soil fertility 40% <0.25 
0.25-0.50 
0.50-0.75 
0.75-0.90 

0.90-1.00 

1 
2 
3 
4 

5 

Very low 
Low 
Medium 
High 

Very high 
     

Slope 30% <2 degrees 
2-8 degrees 

8-16 degrees 
16-24 degrees 
> 24 degrees 

5 
4 
3 
2 
1 

Very high 
High 
Medium 
Low 
Very low 

     

Rainfall 10% <1500 mm 
1500 mm 

3 
4 

Medium 
High 

     

NDVI 10% <0.4 
0.4-0.5 
0.5-0.6 
0.6-0.7 

>0.7 

1 
2 
3 
4 

5 

Very low 
Low 
Medium 
High 

Very high 
     

Elevation 10% < 200 m 
200-400 m 
400-674 m 
674-954 m 
954-1489 m 

5 
4 
3 
2 
1 

Very high 
High 
Medium 
Low 
Very low 

Source: Ritung et al. (2007), Ahmad et al. (2017), and Mujiyo et 

al. (2022) 
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Rainfall 

Rainfall is a variable associated with climate. Rainfall is 

classified into two categories, namely medium (<1,500 

mm) and high (1,500 mm). Based on the map, results show 

that rainfall in all research locations is above 1,500 mm per 

year or is included in the high category (Figure 3.C). So, 

based on rainfall, the entire research area is very suitable 

for agroforestry activities. 

Normalized Difference Vegetation Index (NDVI) 

NDVI in this study was categorized into five classes: 
very low if <0.4, low between 0.4-0.5, medium between 

0.5-0.6, high between 0.6-0.7, and very high if >0.7 

(Subedi et al. 2022). NDVI is used as an indicator of 

greenness that indicates the quantity and quality of 

vegetation and is an indicator of the degradation of an 

ecosystem, so the NDVI variable is used to produce 

ecological suitability maps (Nath et al. 2021). Based on the 

map results, most of the study area is in the very high 

category (Figure 3.D). That means the vegetation cover in 

the study area is still very dense and very suitable for the 

provisions of agroforestry development. Agroforestry in 
areas with high NDVI has low erosion potential and is 

adequate for plant growth (Ahmad et al. 2019) 

Elevation 

The elevation or height of an area is also a factor 

considered in agroforestry development. Elevation is 

categorized into five classes for agroforestry potential 

suitability, i.e., very low, low, medium, high, and very high 

(Subedi et al. 2022). Based on the mapping that has been 

done, it can be seen that the research area is categorized 

into three classes almost equally, namely very low for an 

altitude of 954-1489 m asl., low for an altitude of 674-954 

m asl., and medium at an altitude of 400-674 m asl. (Figure 

3.E).  

Potential of agroforestry map 

Factors contributing to the potential of agroforestry are 

soil fertility, slope, rainfall, NDVI, and altitude, where 

weights are selected based on empirical results from 

various findings (Subedi et al. 2022; Sharma et al. 2022). 

Modica et al. (2016) argue that land suitability 

classification requires comparing land use types' 
requirements with land units' components and integrating 

them with location, environmental data components, and 

land conditions. For example, the mapping of agroforestry 

potential in the Jatiyoso Sub-district showed a suitability of 

18.1% as high potential of agroforestry area, 54.9% as 

medium potential (moderate) of agroforestry area, and 27% 

as low potential of agroforestry area (Figures 3.F and 4). 

 

 
 

Figure 4. Potential of agroforestry area 

 
 

   
A B C 

   
D E F 

Figure 3. Soil and climate characteristics, and potential of agroforestry. A. Soil fertility map, B. Slope map, C. Rainfall map, D. NDVI 
map, E. Elevation map, F. Potential of agroforestry map 
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Discussion 
Based on the results of agroforestry potential mapping 

(Figures 3.F and 4), it is known that there are three 
classifications of land suitability, namely low, medium, and 
high categories. Therefore, to test the accuracy of the 
classification mapping results, a validation test was 
conducted comparing the classification results on the 
potential of agroforestry mapping (user's accuracy) with the 
actual land conditions (producer's accuracy) through 
satellite imagery. Based on the results of the validation test 
(Table 3), it is known that the producer's accuracy for the 
classification of low-category land suitability is 76.92% 
with a total of 13 suitable sample points, the medium 
category is 50% with a total of 10 suitable sample points, 
and the high category is 53% with a total of 13 suitable 
sample points. Then, the user accuracy is known for the 
classification of low-category land suitability obtained at 
83.33%, medium category at 41.67% and high category at 
58.33%. The value obtained from the kappa coefficient 
shows the level of agreement with estimates that arise by 
chance until almost perfect agreement is obtained from 
classifications that meet the requested accuracy target (de 
Raadt et al. 2021). The agreement value between the producer's 
accuracy (correctly classified) and the user's accuracy 
(correctly classified expected by chance) is obtained 
through the kappa coefficient (Dettori and Norvell 2020). 
The value of the kappa coefficient reflects not only the 
agreement in labeling but also the nature of the population 
under study and is interpreted relative to a scale (Foody 
2020); in the field of remote sensing, the interpretation 
scale by Landis and Koch (1977) is generally used, which 
consists of the scale categories of poor, fair, moderate or 
sufficient, good, and excellent. Based on the kappa 
coefficient analysis of the results of agroforestry potential 
mapping (Tables 3 and 4), the accuracy value of the 
feasibility agreement is 0.42, which indicates that the results of 
mapping potential of agroforestry in Jatiyoso Sub-district are 
included in the moderate or sufficient category. 

Soil fertility, altitude, slope, rainfall patterns, and NDVI 
are important in determining the suitability of agroforestry 
potential areas. High agroforestry suitability can be 
observed through several factors, namely high soil fertility 
levels, high annual rainfall, NDVI or high vegetation cover 
density, and low levels of slope and altitude (Subedi et al. 
2022). However, agroforestry can also be applied to 
degraded areas with certain types of vegetation that are 
suitable for the land characteristics of the area (Nurida et 
al. 2018). It will be effective if farmers and communities 
are fully involved in planning and implementation (Sharma 
et al. 2017). Potential agroforestry areas have low altitudes 

(de Mendonca et al. 2022). This is because the altitude of 
an area affects the temperature, which is an important 
environmental factor for tree growth (de Resseguier et al. 
2020; Stovall et al. 2019; Cabon et al. 2020). The 
environmental temperature will be inversely proportional to 
the height of the region where the higher an area, the lower 
the ambient temperature, and this becomes a limiting factor 
for plant growth and development so that vegetation 
density will decrease with increasing altitude (Ahmad et al. 
2017). In addition to temperature, the decline in vegetation 
growth at higher altitudes is also caused by air pressure and 
low carbon dioxide levels (Ahmad and Goparaju 2017). 
Meanwhile, carbon dioxide is important for plant 
photosynthesis (Ahmed and Ahmad 2019). So, areas 
located in the highlands are not recommended as 
agroforestry areas. In addition to temperature, other 
climatic factors, such as rainfall, are also factors that 
greatly affect the growth of a plant species (Ahmad et al. 
2020). In this study, rainfall data did not have a significant 
effect because the entire Jatiyoso Sub-district area had a 
similar average rainfall of >1,500 mm per year (Figure 
3.D). Based on Ahmad et al. (2022), areas with more than 
1,300 mm of rainfall are very suitable for agroforestry. 
Rainfall intensity is considered an essential climate 
parameter in vegetation productivity, where increased 
rainfall is positively correlated to plant growth and is 
widely used in mapping agroforestry suitability (Ahmad 
and Goparaju 2017). Humid-perhumid ecosystems 
characterized by sufficient rainfall intensity, high soil 
fertility, and adequate soil moisture retention capacity are 
common in tropical and subtropical regions and are suitable 
for agroforestry practices (Ahmad et al. 2019). 

Based on the mapping of agroforestry potential 
suitability in the Jatiyoso Sub-district, it shows that 13.49 
km2 (18.1%) area with high suitability, 40.95 km2 (54.9%) 
area with medium suitability, and 20.18 km2 (27%) area 
with low suitability (Figures 3.F and 4). Areas with high 
suitability potential are found in areas with very high and 
high vegetation cover, high soil fertility, low (<2°) to 
moderate (8-16°) slope, and low to moderate elevation 
(400-954 m asl.). Areas with high potential levels of 
agroforestry suitability are mostly found in the western part 
of the Jatiyoso Sub-district (around 13.49% of the area). 
These conditions are suitable for agroforestry practices 
with an agrosilvopastoral system in the form of a 
combination of timber plants, feed crops, and livestock, as 
well as agricultural cultivation crops such as vegetables, 
rice, corn, coffee, tea, and cacao that can grow in 
conditions of humidity and water availability following the 
conditions of the rainfall pattern (Tsufac et al. 2021).  

 
 
Table 3. Accuracy and Kappa coefficient 

 

Ground Truth Low Medium High Total User's Accuracy (%) 

Low 10 1 1 12 83.33 
Medium 2 5 5 12 41.67 
High 1 4 7 12 58.33 
Producer's accuracy (%) 76.92 50 53.85   
Kappa coefficient 0.42    Overall accuracy= 61.11% 
Note: The overall accuracy was 61.11%, while the kappa coefficient was 0.42. Since the classified maps' Kappa value was within 0.61-
0.8, they are good or substantial and meet the accuracy assessment. Landis and Koch 1977 consider <0.20 to be poor, 0.21-0.40 to be 
fair, 0.41-0.60 to moderate, 0.61-0.80 to be good, and 0.81-1.00 to very good. *) In the table above, there is no Undefined category 
because the location at the sample points determined in this study there are no land conditions that are unclear to distinguish 
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Table 4. Ground truth data using Google Earth 
 

Category 

potential 
Coordinate & Satellite Image View 

Low  7°41'48,902"S, 111°10'3,627"E 7°42'6.856"S, 111°9'4.57"E 
 

  
 7°42'3.454"S, 111°8'24.766"E 7°42'3.042"S, 111°7'37.258"E 
 

  
 7°41'40.432"S, 111°6'31.769"E 7°42'52.596"S, 111°5'46.419"E 
Medium  

  
 7°43'39.963"S, 111°7'17.17"E 7°41'14.409"S, 111°4'58.035"E 
 

  
 7°44'58.142"S, 111°3'27.333"E 7°42'40.658"S, 111°4'24.667"E 

High  

  
 7°42'0.942"S, 111°5'19.871"E 7°44'24.826"S, 111°4'53.363"E 

 

  

7°41'48,902"S, 111°10'3,627"E 
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Then, areas with moderate suitability potential, found in 
areas with very high to moderate vegetation cover, high 
soil fertility levels, moderate to very high slope, and low to 
moderate elevation (400-954 m asl.), provide quite good 
support conditions for plant growth, accounting for about 
40.95% of the entire study area. Areas with these 
conditions suit agroforestry practices with silvopastoral and 
agrosilvopastoral systems. The silvopastoral agroforestry 
system will suit soils with a slope category of 18-50%, 
making it possible for farmers to cultivate arable land/or in 
areas with poor soil conditions (Sharma et al. 2022). 
Finally, areas with low agroforestry suitability potential or 
less suitable for agroforestry practices are found in the 
eastern part of Jatiyoso Sub-district (around 20.18% of the 
area) with very high and high vegetation cover, moderate 
soil fertility, moderate to very high slope, and high 
elevation ranging from 954-1,489 m asl.  

By considering the site conditions of the research area, 
several agroforestry systems can be effectively practiced 
and utilized, including agrosilviculture (a combination of 
forestry trees and agricultural crops), silvopastoral (a 
combination of forestry trees, fodder crops, and livestock), 
and agrosilvopastoral (a combination of forestry trees, 
agricultural crops, and livestock) (Maponya et al. 2022, 
Lemes et al. 2021, Nyong et al. 2020). Agroforestry is an 
agricultural practice combining woody plants among crops 
(Kay et al. 2019) with tree components such as fruit, 
timber, or shade trees. Based on Jatiyoso Sub-district in 
Figures 2021 (BPS 2021), it is known that several types of 
fruit trees are commodities with high yields, indicating that 
these tree species are suitable for the conditions of the 
Jatiyoso Sub-district, namely durian and avocado. In addition 
to fruit tree species, trees with ecological functions, such as 
Tectona grandis L.f., Delonix regia (Bojer ex Hook.) Raf., 
Swietenia mahagoni (L.) Jacq., Cassia siamea Lam., and 
Samanea saman (Jacq.) Merr. were found to grow in the 
downstream to upstream areas in Beruk Village, Jatiyoso 
Sub-district (Maridi et al. 2015). These trees have the 
characteristics of large canopies and strong roots that are 
important in retaining rainwater (Maridi et al. 2015) and 
preventing soil erosion (Cahyono et al. 2021), so the 
application of agroforestry can be a mitigation solution 
against landslides (Priyono and Maulida 2021). 

Overall, this research raised various themes from 
various sources of information related to agroforestry 
systems. Computer-based data processing and spatial 
analysis using geographic information systems is one of the 
developments in the decision-making process (Sharma et 
al. 2022), for example, for landowners, foresters, and 
farmers to fulfill the purpose of mapping potential of 
agroforestry suitability (Ahmad et al. 2020). The mapping 
results in Jatiyoso Sub-district, Karanganyar District, 
showed that 18.1% (13.49 km2) had high potential as 
agroforestry areas, 54.9% (40.95 km2) had medium 
potential as agroforestry areas, and 27% (20.18 km2) had 
low potential as agroforestry areas; this shows that almost 
half of the area in the Jatiyoso Sub-district has medium 
potential as an area suitable for agroforestry practices 
because most of the topographic conditions are 
mountainous slopes and plateaus.  

The potential agroforestry plants that can be cultivated 
in the Jatiyoso Sub-district are medicinal plants such as red 
ginger (Zingiber officinale Roscoe) (Pujiasmanto et al. 

2021). Red ginger development can be empowered in the 
homegarden area as a cultivation crop to improve the 
community's economy (Fatmawati and Diana 2022), 
especially in Jatiyoso Sub-district. There is also the 
potential for vegetable crops to become a basic commodity 
in the Jatiyoso Sub-district, including cabbage, mustard 
greens, eggplant, beans, and carrots (Harinta et al. 2018). In 
addition, another type of crop that has the potential to be 
cultivated in Jatiyoso Sub-district is cloves. This can be 
seen from the income of farmer households, the majority of 
which is obtained from clove yields (Barokah et al. 2015). 
Cahyono et al. (2021) revealed that agroforestry planting in 
the Jatiyoso Sub-district impacts efforts to reduce 
landslides by involving local community knowledge. 
Suitable plants to reduce erosion, such as pine and coffee, 
with intercrops in grasses that can be used as animal feed. 

ACKNOWLEDGEMENTS 

The authors are grateful to the Bengawan Solo River Basin 
Agency (Balai Besar Wilayah Sungai Bengawan Solo), 
Sukoharjo, Indonesia, for providing rainfall data and the USGS 
for free downloads of the various datasets used in the analysis. 

REFERENCES 

Ahmad F, Goparaju L, Qayum A. 2017. Agroforestry suitability analysis 
based upon nutrient availability mapping: A GIS based suitability mapping. 
AIMS Agric Food 2 (2): 201-220. DOI: 10.3934/agrfood.2017.2.201. 

Ahmad F, Goparaju L. 2017. Geospatial approach for agroforestry suitability 
mapping: To enhance livelihood and reduce poverty, FAO based 
documented procedure (Case Study of Dumka District, Jharkhand, 
India). Biosci Biotechnol Res Asia 14 (2): 651-665. DOI: 10.13005/bbra/2491. 

Ahmad F, Talukdar NR, Goparaju L, Biradar C, Dhyanti SK, Rizvi J. 2022. 
GIS-based assessment of land-potential of agroforestryity of Jharkhand 
State, India. Reg Sustain 3: 254-268. DOI: 10.1016/j.regsus.2022.10.004. 

Ahmad F, Uddin MM, Goparaju L, Dhyani SK, Oli BN, Rizvi J. 2021. 
Tree suitability modeling and mapping in Nepal: A geospatial 
approach to scaling agroforestry. Model Earth Syst Environ 7:169-
179. DOI: 10.1007/s40808-020-00922-7. 

Ahmad F, Uddin MM, Goparaju L, Rivzi J, Biradar C. 2020. Quantifcation of 
the land potential for scaling agroforestry in South Asia. J Cartogr 
Geogr Inf 70:71-89. DOI: 10.1007/s42489-020-00045-0. 

Ahmad F, Uddin MM, Goparaju L. 2019. Agroforestry suitability 
mapping of India: Geospatial approach based on FAO guidelines. 
Agrofor Syst 93: 1319-1336. DOI: 10.1007/s10457-018-0233-7. 

Ahmed M, Ahmad S. 2019. Carbon dioxide enrichment and crop 
productivity. Agron Crop 2: 31-46. DOI: 10.1007/978-981-32-9783-8_3. 

Anna K. 2021. Buku Ajar Kesuburan Tanah dan Pemupukan. Poltek LPP 
Press, Yogyakarta. [Indonesian] 

Atangana A, Khas D, Chang S, Degrande A. 2014. Tropical Agroforestry. 
Springer, America Latin (US). DOI: 10.1007/978-94-007-7723-1. 

BPS. 2021. Kecamatan Jatiyoso dalam Angka 2021. Badan Pusat Statistik 
Kabupaten Karanganyar, Karanganyar. [Indonesian] 

Barokah U, Masyhuri M, Waluyati LR, Hartono S. 2015. Perilaku ekonomi 
rumah tangga petani lahan kering di Kabupaten Karanganyar. J Soc 
Agric Econ 8 (2): 40-46. DOI: 10.22146/agroekonomi.16830. [Indonesian] 

Cabon A, Peters RL, Fonti P, Vilalta JM, De Caceres M. 2020. 
Temperature and water potential co-limit stem cambial activity along 
a steep elevational gradient. New Phytol 226: 1325-1340. DOI: 
10.1111/nph.16456. 

Cahyono SA ,Wuryanta A, Lastiantoro CY. 2021. The local knowledge to 
mitigate the landslide disaster in Beruk village, Jatiyoso Sub-district, 
Karanganyar Regency. IOP Conf Ser Earth Environ Sci 874: 1-9. 
DOI: 10.1088/1755-1315/874/1/012015. 

de Mendonca, Cosat RCA, Parras R, de Oliveira LCM, Abdo MTVN, 
Pacheco FAL, Pissarra TCT. 2022. Spatial indicator of priority areas 
for implementation of agroforestry systems: An optimization strategy 
for agricultural landscapes restoration. Sci Total Environ 839: 
156185. DOI: 10.1016/j.scitotenv.2022.156185. 

de Raadt A, Warrens MJ, Bosker RJ, Kiers HAL. 2021. A comparison of 



NEGARI et al. – Agroforestry suitability in Jatiyoso Sub-district, Indonesia 

 

6769 

reliability coefficients for ordinal rating scales. J Classif 38: 519-543. 
DOI: 10.1007/s00357-021-09386-5. 

de Resseguier L, Mary S, Roux RL, Petitjean T, Quenol H, van Leeuwen. 
2020. Temperature variability at local scale in the Bordeaux area: 
Relations with environmental factors and impact on vine phenology. 
Front Plant Sci 11 (515): 1-20. DOI: 10.3389/fpls.2020.00515. 

Dettori JR, Norvell DC. 2020. Kappa and beyond: Is there agreement? 
Global Spine J 10 (4): 499-501. DOI: 10.1177/2192568220911648. 

Dollinger J, Jose S. 2018. Agroforestry for soil health. Agrofor Syst 92: 
213-219. DOI: 10.1007/s10457-018-0223-9. 

Fatmawati I, Diana WH. 2022. Pemanfaatan lahan kering untuk budidaya jahe 
merah di Desa Manding Laok guna meningkatkan perekonomian petani. 
Darmabakti Jurnal Pengabdian dan Pemberdayaan Masyarakat 3 (2): 
86-93. DOI: 10.31102/darmabakti.2022.3.2.086-093. [Indonesian] 

Foody GM. 2020. Explaining the unsuitability of the kappa coefficient in 
the assessment and comparison of the accuracy of thematic maps 
obtained by image classification. Rem Sens Environ 239: 111630. 
DOI: 10.1016/j.rse.2019.111630. 

Harinta YW, Basuki JS, Sukaryani S. 2018. Pemetaan dan pengembangan 
agribisnis komoditas unggulan sayuran di Kabupaten Karanganyar. 
Jurnal Sosial Ekonomi dan Kebijakan Pertanian 7 (1): 37-45. DOI: 
10.21107/agriekonomika.v7i1.3201. [Indonesian] 

Kay S, Gravesb A, Palmac JHN, Morenod G, Roces-Díaza JV, Avironf S, 
Chouvardasg D, Crous-Duranc J, Ferreiro-Domínguezh N, García de 
Jalónb S, Măcicăşani V, Mosquera-Losadah MR, Panteraj A, Santiago-
Freijanesh JJ, Szerencsitsa E, Torralbak M, Burgessb PJ, Herzoga F. 
2019. Agroforestry is paying off - Economic evaluation of ecosystem 
services in European landscapes with and without agroforestry 
systems. Ecosyst Serv 36: 1-10. DOI: 10.1016/j.ecoser.2019.100896. 

Landis JR, Koch GG. 1977. The measurement of observer agreement for 
categorical data. Biometrics 22: 159-174. DOI: 10.2307/2529310. 

Lemes AP, Garcia AR, Pezzopane JRM, Brandao FZ, Watanabe YF, 
Cooke RF, Sponchiado M, de Paz CCP, Camplesi AC, Binelli M, 
Gimenes LU. 2021. Silvopastoral system is an alternative to improve 
animal welfare and productive performance in meat production 
systems. Sci Rep 11: 14092. DOI: 10.1038/s41598-021-93609-7. 

Lillesand TM, Ralph WK. 2002. Remote Sensing and Imag Interpretation. 
4th Edition. University of Wisconsin, Madison. 

Mahmudi, Subiyanto S, Yuwono BD. 2015. Analisis Ketelitian DEM 
ASTER GDEM, SRTM, dan LIDAR untuk Identifikasi Area 
Pertanian Tebu Berdasarkan Parameter Kelerengan (Studi Kasus: 
Distrik Tubang, Kabupaten Merauke, Provinsi Papua). Jurnal Geodesi 
Undip 4 (1): 95-106 [Indonesian] 

Maponya P, Madakadze IC, Mbili N, Dube ZP, Nkuna T, Makhwedzhana 
M, Tahulela T, Mongwaketsi K, Isaacs L. 2022. Flattening the food 
insecurity curve through agroforestry: A case study of agrisilviculture 
community growers in Limpopo and Mpumalangan Provinces, South 
Africa. In: Kumar A, Singh J, Ferreira LFR (eds). Microbiome under 
Changing Climate. Woodhead Publishing, Cambridge. DOI: 
10.1016/B978-0-323-90571-8.00006-7. 

Maridi, Agustina P, Saputra A. 2015. Potential vegetation for soil and 
water conservation: Case study in Samin Watershed, Central Java. 
Proceeding International Conference on Science, Technology, and Humanity. 
Universitas Muhammadiyah Surakarta, Surakarta, 7-8 December 2015. 

Modica G, Pollino M, Lanucara S, La Porta L, Pellicone G, Di Fazio S, 
Fichera CR. 2016. Land suitability evaluation for agroforestry: 
Definition of a web-based Multi-Criteria Spatial Decision Support 
System (MC-SDSS): Preliminary results. In: Gervasi O, Beniamino 
M, Misra S et al (eds). Computational Science and Its Applications-
ICCSA 2016. ICCSA 2016. Lecture Notes in Computer Science, 
Springer, Cham. DOI: 10.1007/978-3-319-42111-7_31. 

Mohamed ES, Ali A, El-Shirbeny M, Abutaleb K, Shaddad SM. 2020. 
Mapping soil moisture and their correlation with crop pattern using 
remotely sensed data in arid region. Egypt J Rem Sens Space Sci 23 
(3): 347-353. DOI: 10.1016/j.ejrs.2019.04.003. 

Mujiyo, Natiyanti S, Suntoro, Herawati A, Herdiansyah G, Irianto H, 
Riptanti EW, Qonita A. 2022. Soil fertility index based on altitude: A 
comprehensive assessment for the cassava development area in Indonesia. 
Ann Agric Sci 67: 158-165. DOI: 10.1016/j.aoas.2022.10.001. 

Nath AJ, Kumar R, Devi NB, Rocky P, Giri K, Sahoof UK, Bajpai RK, 
Sahug N, Pandey R. 2021. Agroforestry land suitability analysis in 
the Eastern Indian Himalayan region. Environ Chall 4: 1-22. DOI: 
10.1016/j.envc.2021.100199. 

Nurida LN, Mulyani A, Widiastuti F, Agus F. 2018. Potensi dan model 
agroforestri untuk rehabilitasi lahan terdegradasi di Kabupaten Berau, 
Paser, dan Kutai Timur, Provinsi Kalimantan Timur. Jurnal Tanah dan 
Iklim 42 (1): 13-26. DOI: 10.21082/jti.v42n1.2018.13-26. [Indonesian] 

Nyong AP, Ngankam TM, Felicite TL. 2020. Enhancement of resilience 
to climate variability and change through agroforestry practices in 

smallholder farming systems in Cameroon. Agrof Syst 94:687-705. 
DOI: 10.1007/s10457-019-00435-y. 

Olivi R, Qurniati R, Firdasari. 2015. Kontribusi agroforestri terhadap 
pendapatan petani di Desa Sukoharjo Kecamatan Sukoharjo 
Kabupaten Pringsewu. Jurnal Sylva Lestari. 3 (2): 1-12. DOI: 
10.23960/jsl231-12. [Indonesian] 

Priyono P, Maulida EI. 2021. Mitigation of area prone to landslide in 
anticipating the impact of climate change. ASEANA Sci Educ J 1 (1): 17-26. 

Pujiasmanto B, Triharyanto E, Widijanto H, Pardono, Harsono P, 
Sulandjari. 2021. Sosialisasi, penyuluhan, dan pelatihan budidaya 
Jahe Merah di Dusun Pelem, Desa Wonorejo, Kecamatan Jatiyoso, 
Kabupaten Karanganyar. J Community Empowering Serv 5 (1): 14-
18. DOI: 10.20961/prima.v5i1.43990. [Indonesian] 

Rehmamana R, Lanya I, Dibia IN. 2020. Aplikasi remote sensing dan 
geographic information system untuk perencanaan penggunaan lahan 
pertanian berbasis agroekosistem di Kota Denpasar. Jurnal 
Agroekoteknologi Tropika 9 (1): 32-42. [Indonesian] 

Ritung S, Nugroho K, Mulyani A, Suryani E. 2011. Petunjuk Teknis 
Evaluasi Lahan untuk Komoditas Pertanian. Balai Besar Penelitian 
dan Pengembangan Sumberdaya Lahan Pertanian. Badan Penelitian 
dan Pengembangan Pertanian, Bogor. [Indonesian] 

Ritung S, Wahyunto, Agus F, Hidayat H. 2007. Land Suitability 
Evaluation with a Case Map of Aceh Barat District. Indonesian Soil 
Research Institute and World Agroforestry Centre, Bogor. 

Martini E, Tarigan J, Purnomosidhi P, Prahmono A, Surgana M, Setiawan 
E, Megawati, Mulyoutami E, Meldy BW, Syamsidar, Talui R, 
Janudianto, Suyanto, Roshetko JM. 2013. Kebutuhan Penyuluhan 
Agroforestri pada Tingkat Masyarakat di lokasi proyek AgFor di 
Sulawesi Selatan dan Tenggara, Indonesia. Seri Agroforestri dan 
Kehutanan di Sulawesi. World Agroforestry Centre, Bogor. DOI: 
10.5716/wp13044.pdf. [Indonesian] 

Rwanga SS, Ndambuki JM. 2017. Accuracy assessment of land use/land 
cover classification using remote sensing and GIS. Intl J Geosci 8: 
611-622. DOI: 10.4236/ijg.2017.84033. 

Sharma P, Bhardwaj DR, Singh MK, Nigam R, Pala NA, Kumar A, 
Verma K, Kumar D, Thakur P. 2022. Geospatial technology in 
agroforestry: status, prospects, and constraints. Environ Sci Pollut Res 
30 (55). DOI: 10.1007/s11356-022-20305-y. 

Sharma P, Singh MK, and Tiwari P. 2017. Agroforestry: A land 
degradation control and mitigation approach. Bull Environ Pharmacol 
Life Sci 5: 312-317. 

Stovall AEL, Shugart H, Yang X. 2019. Tree height explains mortality 
risk during an intense drought. Nature Commun 10 (4385): 1-6. DOI: 
10.1038/s41467-019-12380-6. 

Subedi PB, Mahara S, Paudel S, Bhandari J, Thagunna RS. 2022. 
Potential of agroforestry of Kanchanpur District, Nepal using remote 
sensing and Geographic Information System. Asian J For 6 (2): 65-
74. DOI: 10.13057/asianjfor/r060202. 

Sulton MN, Putri NRA, Nugraheni RS, Afifah RN, Fadilah RN, Indrawan 
M, Kusumaningrum L, Sutarno, Sunarto, Sugiyarto, Pradhan P, 
Setyawan AD. 2023. Estimating carbon storage using remote sensing 
in the Selo Resort forest area of Mount Merbabu National Park, Central 
Java, Indonesia. Biodiversitas 24: 6264-6270. DOI: 10.13057/biodiv/d241149. 

Swain S, Wardlow BD, Narumalani S, Rundquist DC, Hayes MJ. 2013. 
Relationships between vegetation indices and root zone soil moisture 
under maize and soybean canopies in the US Corn Belt: A 
comparative study using a close-range sensing approach. Intl J Rem 
Sens 34 (8): 2814-2828. DOI: 10.1080/01431161.2012.750020. 

Taloor AK, Kumar V, Singh VK, Singh AK, Kale RV, Sharma R, Chowdhary 
NH. 2020. Land use land cover dynamics using remote sensing and 
GIS techniques in Western Doon Valley, Uttarakhand, India. In: 
Sahdev S, Singh R, Kumar M (eds). Geoecology of Landscape 
Dynamics. Springer, Singapore. DOI: 10.1007/978-981-15-2097-6_4. 

Tjatjo NT, Basir M, Umar H. 2015. Karakteristik pola agroforestri 
masyarakat di sekitar hutan Desa Namo, Kecamatan Kulawi, Kabupaten 
Sigi. Jurnak Sains dan Teknologi Tadulako 4 (3): 55-64. [Indonesian] 

Tsufac AR, Awazi NP, Yerima BPK. 2021. Characterization of 
agroforestry systems and their effectiveness in soil fertility 
enhancement in the South-West Region of Cameroon. Curr Res 
Environ Sustain 3:100024. DOI: 10.1016/j.crsust.2020.100024. 

Widianto, Hairiah K, Suharjito D, Sardjono MA. 2003. Fungsi dan Peran 
Agroforestri. ICRAF Southeast Asia. Bogor. [Indonesian] 

Widiyanto A, Suhartono. 2017. Kesesuaian lahan untuk sistem agroforestry di 
Kabupaten Purworejo berdasarkan potensi pertanian setempat. 
Agricore 2 (2): 291-357. DOI: 10.24198/agricore.v2i2.15146. [Indonesian] 

Zhang H, Chang J, Zhang L, Wang Y, Li Y, Wang X. 2018. NDVI dynamic 
changes and their relationship with meteorological factors and soil 
moisture. Environ Earth Sci 77: 1-11. DOI: 10.1007/s12665-018-7759-x. 

 


