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ABSTRACT 
 

  

The study aims to identify the classes and the determinant factors of land suitability of 

Tobacco in order to provide recommendations for land management as an effort in 

increasing the development of Tobacco in Eromoko District, Wonogiri Regency, 

Indonesia. This research used a descriptive-exploratory approach by field surveys, 

laboratory analysis, and matching the data with growth requirement characteristics 

for Tobacco crops. The field survey was carried out based on a working map, namely 

the Land Mapping Unit (LMU), overlaid maps of soil type, slope, and rainfall. 

Research results illustrated that 18 LMUs were included in the marginally suitable 

class (S3) (4,968.78 ha, about 51% of research area) with limiting factors wa; oa; nr; 

na; eh, and 8 LMUs were included in the unsuitable class (N) (4,919.11 ha, about 49% 

of research area) with limiting factors N and eh. This study provide information about 

the land suitability class and the limiting factors each area to determine the potential 

success of Tobacco cultivation and make suitable improvement efforts. 

1. INTRODUCTION 

Tobacco is a commodity with high selling value and benefits, such as the stems used as bioethanol (Handayani et al., 

2018). Tobacco plants are major commodity in Indonesia, but not all areas suitable for Tobacco plants. Eromoko 

District is the largest dry tobacco-producing area in Wonogiri Regency. Tobacco output remains uncertain year after 

year due to various factors, including climate (Munthe et al., 2017), soil nutrients and water availability, and varieties 

(Hutapea et al., 2014). Tobacco production in Eromoko District from 2015 to 2017 experienced a rapid increase in 

planting area and production yields. In 2018, the planting area decreased by 706.74 ha and a production yield of 

1,134.48 tons, it was due to long dry season conditions. In 2019, the planting area increased to 1,222.05 ha, producing 

1,728.82 tons. The decrease production yield affects the farmers' production yield and the farmers' difficulty in 

meeting high market demand. 

Unstable production yields make it difficult for farmers to meet market demand, and the potential for losses is 

more significant. Therefore, it is necessary to research the class of land suitability of Tobacco plants to maximize 

Tobacco crop productivity using a Geographic Information System (GIS). Geographic Information System is a field of 

science that discusses the geographic field of the earth. The design of the GIS will provide location information on 

agricultural land, including the area of plantation, rice fields, and dry fields, then coordinate points and satellite 

imagery (Masykur, 2013). Mapping is a type of information for conveying, analyzing, and classifying the data 

concerned in map form, providing a clear and a proper layout (Novitasari et al., 2015).  

The information on whether the land has soil characteristics suitable for tobacco cultivation is not available. In 

contrast, dry land has sufficient area for tobacco cultivation and can be used by the surrounding community for 
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tobacco production. The research used the necessary spatial analysis methods by using geographic information 

systems, in the form of maps is the main material in determining sample points for this research and was created using 

a GIS application. GIS modeling will provide actual and real images, explanations and conditions. This makes it easier 

for stakeholders to map and plan long-term land use more efficiently. The study aims to map the land suitability 

classes of tobacco in the area, find out the determinant factors of land suitability, and provide recommendations for 

land management efforts to increase and develop tobacco production in the area. 

2. MATERIALS AND METHODS 

The research conducted in the Eromoko District, Wonogiri Regency, Province of Central Java, Indonesia, at 

coordinates 110°46'34" - 110°53'37" East Longitude and 7°53'41"-7°55'28" South Latitude . The Eromoko District 

consists of mountains and hills, which are limestone areas. The Eromoko District is made up of folded hills, karst, and 

alluvial plains as a result of geomorphology (morphogenesis) (Nasrulloh, 2019). The average temperature in research 

area is 21.1°C to 26.4°C. Figure 1 presented the sampling location map of Eromoko District, Wonogiri Regency.  

 

 

Figure 1. Map of site sampling location (Remark: the green color for Eromoko District; the orange color for Tobacco plantation 

area in Eromoko District). 

 

The research is a descriptive exploratory indicator approach carried out through field surveys and supported by 

data from soil analysis in the laboratory. The exploratory descriptive method aims to analyze and present data 

systematically so that it is easy to understand and discover something new by grouping facts (Diniyah et al., 2018). 

The indicators observed include land suitability and limiting factors for tobacco plants in Eromoko District. Field 

surveys are carried out by observing land conditions based on work maps. Work maps are created from overlaying 

thematic maps (administrative maps, soil type maps, slope maps, rainfall maps), namely land mapping unit (LMU). In 

the land mapping unit (LMU), the distribution of sampling points is carried out using purposive sampling, provided 

that the selected points represent the uniformity of land and environmental characteristics (soil type, slope, rainfall). 

Land map units consist of thematic maps at a scale of 1: 25000. 
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Table 1. The growth requirements for tobacco (Nicotiana tabacum L.)  

Land characteristic requirements 
Land suitability class 

S1 S2 S3 N 

Temperature (tr) 

Average temperature (°C) 

during the growth period 

    

24-30 22-24 

30-32 

21-22 

32– 34 

< 21 

> 34 

Water availability (wa)     

Annual rainfall (mm/year) 600 -1200 

 

1.200 – 1.400 

500 – 600 

> 1.400 

400 – 600 
< 400 

Humidity (%) 24 – 75 20 – 24 

75 – 90 

< 20 

> 90 
 

Oxygen availability (oa)     

Drainage Good, medium Somewhat low low, excessively 

fast 

very low, fast 

Rooting cause (rc)     

Texture Medium, rather 

fine, fine 

rather rough, very 

fine 

Rough Rough 

Coarse material (%) <15 15-35 35-55 >55 

Soil depth (cm) >75 50-75 30-50 <35 

Peat     

Thickness (cm) <100 100-200 200-300 >300 

Maturity level sapric sapric, hemic hemic fibric 

Nutrient retention (nr)     

Land CEC (cmol) >16 5-16 <5  

Base saturation (%) >35 20-35 <20 - 

pH H2O 5.5-7.5 5.0-5.5 

7.5-8.0 

<5.0 

>8.0 
 

C-Organic (%) >1.2 0.8-1.2 <0.8  

Nutrient availability (na)     

N total (%) High Medium Low-very low  

P2O5 (mg/100 g) Medium Low Very low  

K2O (mg/100 g) Medium Low Very low  

Toxicity (tc)     

Salinity (ds/m) < 2 2 – 4 4 - 6 > 6 

Xodicity (xn)     

Alkalinity/esp (%) < 10 10 – 15 15 – 20 > 20 

Sulfidic hazard (xs)     

Sulfidic depth (cm) > 100 75 – 100 40 - 75 < 40 

Erosion hazard (eh)     

Slope (%) <8 8-16 16-30 >30 

Erosion hazard Very light Light-medium Heavy Very heavy 

Flood hazard (fh) 

(Flooding during planting) 

F0 - F1 >F1 

Heigh / depth(cm) - - - 25 

Period (day) - - - <7 

Land preparation (lp)     

Rock surface (%) <5 5-15 15-40 >40 

Outcrop rock (%) <5 5-15 15-25 >25 

Source: Ritung et al. (2011) 
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2.1. Soil sampling and analysis 

Making work maps using the overlay method, namely combining soil type maps, land use maps, slope maps, rainfall 

maps in Eromoko District. Work map was made using a GIS application. GIS software combines mathematical models 

and algorithms to analyze spatial data and explain land conditions and the surrounding environment. The use and 

design of GIS will offer information on a location or area that has agricultural land,including plantation areas, rice 

fields, and moorland, as well as coordinate points and satellite figures (Masykur, 2014). Advances in mapping 

(visualization) technology are currently experiencing very rapid development (Shofiyanti, 2011), potential suitability 

map and land use area suitability class map (Rofizar et al., 2017). 

This research was carried out in a descriptive exploratory approach. The indicator approach was carried out 

through field surveys and data supported by soil laboratory analysis. Laboratory analysis was conducted at the 

Chemistry and Soil Fertility Laboratory and the Physics and Soil Conservation Laboratory, Faculty of Agriculture, 

Universitas Sebelas Maret, Surakarta. The field survey was carried out by observing the condition of the land based on 

sampling points in land mapping unit of the work maps. 

Land suitability indicators for tobacco plants that have been determined include rainfall, drainage conditions, texture, 

pH, C-organic, CEC, slope, altitude, and erosion conditions. Field data collection includes annual temperature 

observations (results of calculations from altitude), rainfall (rainfall data for the last 10 years in Eromoko District), 

drainage, the effective depth of soil, slope, surface rock, rock outcrops, landslide hazard, erosion hazard, and 

flooding/inundation. Laboratory analysis parameters and methods included soil texture analysis (pipette method), CEC 

(extraction method), base saturation (1N Ammonium acetate pH 7 saturation method), pH, organic C (Walkley & 

Black method), N Total (Kjeldahl method), P2O5 (Olsen method), K2O (Spectrometry method), Salinity, and Electric 

conductivity (EC) (Electro Conductivity meter). 

2.2. Data analysis 

The land's characteristics match to the criteria for the requirements for plant growth. This will result in land suitability 

classes, as well as their limiting considerations. Land evaluation results are described as a map as a basis for rational 

land use planning (Andrean et al., 2017). Table 1 shows the requirements for tobacco (Nicotiana tabacum L.) growth 

of land used as a reference for land suitability matching (Ritung et al., 2011). 

3. RESULTS AND DISCUSSION  

3.1. Land Suitability  

The results of matching the soil characteristics value (Table 2) as parameters obtained about the conditions for land 

use of tobacco plants produce actual land suitability classes as presented in the Table 3. Actual land suitability is an 

assessment of land characteristics during a survey, and there have been no attempts to improve land conditions 

(Hidayat et al., 2021). The analysis results show that tobacco plants' actual land suitability class in Eromoko District 

shows two categories: suitable marginal (S3) in 4.968, 78 ha area and unsuitable (N) in 4.919,11 ha area. (S3) 

suitability class of 18 LMU, include LMU 1 to 18, each with different limiting factors, as presented in Table 1. Class 

of N suitability of 8 LMUs, include LMU 19 to 26. The limiting factors in general of the research is rainfall (wa), 

nutrient retention (nr), base saturation (nr), and available nutrients (na), consist of total N and available K, drainage 

(oa), and slope (eh). 

3.2. Limiting Factors  

3.2.1. Water Availability (wa) 

Based on the research area, the average temperature was 21.10 °C to 26.4 °C with rainfall of 1750 mm/year. 

Temperature is influenced by altitude, the higher the research location, the lower the temperature, and vice versa, if the 

research location's altitude is low, the temperature will be higher. Sitorus et al., (2014) stated that the area will 

experience a decrease of around 0.6 °C for every 100 meter increase in elevation. 
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Table 2. Land suitability characteristics 

Characteristic requirements Range value 

Temperature (tr) 

Average temperature (°C) during the growth period 
 

21.1 – 26.4 

Water availability (wa)  

Rainfall during the growth period (mm) 1750 

Oxygen availability (oa)  

Drainage Good – excessively fast 

Rooting cause (rc)  

Texture  Slightly fine – rough 

Coarse material (%) <15 

Soil depth (cm) 25 – 125 

Nutrient retention (nr)  

Land CEC (cmol) 20.58 – 54.56 

Base saturation (%) 4.28 – 18.63 

pH H2O 5.52 – 6.08 

C-Organic (%) 4.12 – 15.28 

Nutrient availability (na)  

N total (%) 0.067 – 0.342 

P2O5 (mg / 100 g) 22.44 – 110.95 

K2O ( mg / 100 g) 1.86 – 8.38 

Toxicity (tc)  

Salinity (ds/m) 0.03 - 0.12 

Erosion hazard (eh)  

Slope (%) 3 – 45  

Erosion hazard  

Flood hazard / flooding during planting (fh)  

Height / depth (cm) <1 

Period (day) <1 

Land preparation (lp)  

Rock on the surface 1 

Outcrop rock – 

 

Table 3. The land suitability class of tobacco crops. 

Land Map Unit (LMU) 
Actual Land Suitability 

Class for Tobacco 
Limiting Factor Area (ha) 

1, 2, 3, 4, 5, 6, 8, 9, 10 S3; wa, nr, na Rainfall, base saturation, Total N, K2O available 4,175.59 

7 S3; wa, oa, nr, na Rainfall, drainage, alkaline saturation, K2O available 45.43 

13, 14, 15, 17, 18 S3; wa, nr, na, eh Rainfall, base saturation, total N, available K2O, 

slope, erosion hazard 
577.29 

11, 12, 16 S3; wa, oa, nr, na, eh Rainfall, drainage, base saturation, total N, available 

K2O, slope, erosion hazard 
170.46 

19, 20, 21, 22, 23, 24, 25, 26 N; eh Slope, erosion hazard 4,919.11 

Remark: wa = water availability, oa = oxygen availability, nr = nutrient retention, na = available nutrient, eh = slope hazard 

3.2.2. Oxygen Availability (oa) 

Soil drainage is a water channel on the surface or underground formed naturally or artificially, and drainage shows the 

availability of oxygen in the soil. The faster the water infiltrates, the more water fill the soil pores, increasing oxygen 

availability. Based on the research results, 26 LMUs were divided into 3 classes, namely good drainage, somewhat 

low, and excessively fast. LMU of 1, 3, 4, 5, 6, 8, 9, 10, 13, 14, 15, 17, 21, 22, 24, 25, and 26 showed a good drainage 

value , which the water has flowed through the soil surface without any obstacles, even though the rainfall is high the 

soil can absorb water well and there are no puddles so that plants can grow well. The similar statement of Anshori et 

al., (2023) water availability and groundwater conditions are influenced by soil structure and pores. Land units of 7, 
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11, 12, 16, 19, 20, and 23 have rather fast drainage and with the exception of land unit 2, which has somewhat low 

drainage, limited water holding capacity and is dominated mostly by the clay component. 

3.2.3. Nutrient Retention (nr) 

Based on the soil analysis results in the research location laboratory, 26 LMUs had high CEC, ranging from 20.58 to 

68.74 cmol/kg. The value of CEC was influenced by several factors, namely pH, organic matter, and texture. Suryani, 

(2014) explains that the CEC is directly proportional to the clay fraction. The greater the number of clay fractions, the 

greater the CEC. Base saturation are the ratio between the number of base cations and acid cations in the soil 

adsorption complex. Husni et al., (2016) stated that base saturation is directly proportional to the CEC value because 

base saturation is a reflection of the large number of complex cations in soil colloids. 

Soil pH at the research location ranges from 5.52 to 6.18 and it is very suitable to meet the soil pH requirements 

for growing tobacco plants. Soil pH suitable for growing tobacco plants ranges from 5.5 to 6.2. Karamina et al., 

(2018) explained that plants will generally easily absorb soil nutrients at pH 6-7 because the nutrients will dissolve 

easily. The higher soil pH, the more difficult of plants to absorb nutrients contained in the soil and vice versa. 

Meanwhile, the lower soil pH (too acidic), the content of nutrients and microorganisms in the soil is rare, which can 

disrupt plant growth. Organics can influence soil properties that support plant growth by supplying energy sources for 

soil organisms and triggering plant growth. Sipahutar et al., (2014) Based on the results of C-Organic analysis, there 

are 26 land units with relatively high C-Organic content, ranging from 3.77% to 15.28%. The optimum nutrient 

retention for C-Organic in tobacco plants is more than 1.2%, and the 26 LMUs have C-Organic levels above 1.2%. 

3.2.4 Erosion Hazard (eh) 

The erosion hazard is determined by the degrees of slope, which observed in the field using a clinometer. Based on the 

results of field observation, the slope at the research location was divided into 3 categories, namely gentle slope <3% 

(LMUs 1, 2, 3, 4), moderately sloping 3-8% (LMUs 5, 6, 7, 8, 9, and 10), hilly 8-15% (LMUs 11, 12, 13, 14, 15, 16, 

17, and 18), and moderately steep slope >15% (LMUs 19, 20, 21, 22, 23, 24, 25, and 26). The erosion hazard can be 

seen from the slope, which has the potential for erosion in the severe to very heavy category on slopes >15%. Still, at 

the research location, the level of erosion hazard was light. The slope and length greatly influence the hazard of 

erosion. Herawati (2010) explained that the erosion hazard level is the maximum quantity of soil lost of land when 

plant management and soil conservation remain not change. 

The water availability factor for tobacco plants is similar with the average rainfall (rainwaters), which are 1750 

mm. The ideal average amount for tobacco plants should be around 600-1200 mm. The factor of oxygen availability as 

limiting factor are drainage because they were included in the category of slightly obstructed and relatively fast 

drainage. Nutrient retentions are limiting factor due to low base saturation. The available nutrient factor is an inhibitor 

since the results show that total N and K2O are poor available in soil, which does not support the tobacco plant growth. 

The others were erosion hazards caused by the steep slope, which is prone to erosion and unsuitable for tobacco 

growing. The land suitability class for the Eromoko District presented in Figure 2. 

3.3. The determinants factor of land suitability 

Based on the results of the One Way ANOVA test with a significance level of 5% (F-count= 626.059); p-value= 

0.000), the difference in slope in Eromoko District affects the land suitability class. The ANOVA test (Table 4) results 

showed very significant (P-value = 0.000 <0.01), means that the slope significantly affects the land suitability class. 

The determining factors, in this research, are land and soil characteristics that affect land suitability classes. The 

following land characteristics contribute to environmental diversity: soil type, land use, rainfall, and  slope.  Therefore, 

Table 4. The effect of source of land diversity on land suitability classes 

Land Characteristics p-value Significance 

Soil Type 1.000 Not significant 

Land Use 0.051 Not significant 

Slope 0.000 Significant 
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Figure 2. Actual land suitability map for tobacco plants. 

 

rainfall cannot be examined because the value is the same at each LMU. Based on Table 4, the slope is the most 

significant source of land diversity, influencing the differences in land suitability classes at each LMU. The 

determining factor is calculated using the parameter that is most closely correlated to the land suitability class. The 

land suitability class will also change when the parameter value increases or lowers. The environmental factors (land 

characteristics) of the slope as well as determinant parameter will influence the condition of land suitability classes 

and value. 

Based on the DMRT test (Figure 3), the moderately steep slope (> 15%), with an average value of 5.00 compared 

to other slopes. Slope of 8-15% has an average value of 3.62, slope 3-8% has an average value of 1.16, and the most 

suitable is a slope < 3% with an average value of 1.00. The smaller the average value obtained, the more appropriate 

the land suitability class. Likewise, the greater the average value of the slope, the land suitability class will be lower 

meaning that the land is less suitable for tobacco. 

The determinants of texture show a real correlation (P-value <0.01), and the determinants of erosion hazard show a 

strong correlation (P-value <0.05) (Table 5). The erosion hazard determinants significantly correlate to land suitability 

class (r = 0.944, P-value = 0.000). The erosion hazard shows that the greater the erosion hazard value, the less suitable 

the land suitability, and vice versa, the smaller the erosion hazard value, the more suitable the land suitability. The 

determining factor in texture has a considerable correlation to the land suitability class (r = 0.241, P-value = 0.034). 

The results of the correlation test on texture show that the greater the texture value, the less suitable the land 

suitability, and the smaller the texture value, the more suitable the land suitability. 
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Figure 3. The distribution of land suitability class on various slope 

 

Table 5. Factors determining the actual condition of the land regarding the land suitability class 

Soil Parameters r Significance 

Texture 0.241* Significant 

Erosion Hazard 0.944** Significant 

 

The analysis of variance and correlation tests shows that the determining factor, which is very closely related to 

determining land suitability class, is the erosion hazard. Texture is significantly related or correlated to the land 

suitability class, but texture has no real effect on the characteristics of the land. 

3.4. The Recommendation Strategies 

Limiting factors in the form of air availability, nutrient retention, available nutrients can be improved by creating 

drainage channels (Kholifah & Sampoerno, 2016), and adding organic material ameliorant litter (Alibasyah, 2016), 

and organic fertilizer (Andrean et al., 2017), texture and erosion hazard. If the texture is similar to erosion, use terraces 

to control surface flow. Erosion can be reduced by building terraces, growing ground cover crops, and planting parallel 

to contours (Pasaribu et al., 2018). The existing limiting factors can be corrected with various efforts. By considering 

the stakeholders, improvement efforts can be made with low, medium, and high efforts. 

4.  CONCLUSIONS 

The actual land suitability class for tobacco plants in Eromoko District is divided into 2 classes, namely the marginal 

suitability class (S3) of 4,968.78 ha or about 51% area with the limiting factors of water availability (wa), oxygen 

availability (oa), nutrient retention (nr), available nutrients (na), and erosion hazards (eh), and the unsuitable class (N) 

in 4,919.11 ha or about 49% area with erosion hazard (eh) were the limiting factors. The research findings provide 

valuable information for farmers and stakeholders to maximize tobacco crop productivity and meet market demand. 
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