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The increasing demand for various creative food industries requires cassava raw material
supply which has quality and quantity. This research purpose is to identify land suitability,
determining the factors, and the strategy of land management for Jarak Towo production in
Jatiyoso District. This research using survey method with the land unit based on altitude as
observation design which divided into six, namely 400 masl, 600 masl, 800 masl, 1000 masl,
1200 masl, and 1400 masl, and the sampling point is determined by purposive sampling which
each land unit has four repetitions and obtain 24 sample points. The land suitability class
assessment was carried out by matching the observation data with cassava-modified growth
requirements for the Jarak Towo variety. The results in the area were classified into two
classes, namely marginally suitable and not suitable. The land suitability determinant factors
were temperature, organic carbon, Total-N, and slope. Land units 3 and 4 are land units which
land suitability class can increase if these two locations are used as places for planting cassava

var. Jarak Towo with the direction of land management strategies that have been given.

1. INTRODUCTION

Cassava (Manihot esculenta) is a small perennial shrub,
usually 2-3 m tall, that produces thickened roots mostly filled
with starch and widely grown in tropical and subtropical
country [1]. Along with the development of technology and
science, cassava is used for various preparations, especially
raw materials for the starch-producing food industry [2]. The
demand for cassava as a raw material for the food industry
sector has increased due to the increasing demand for staple
food [3] thus causing the cassava cultivation system to become
a more intensive production system [4]. In addition to
increasing demand, aspects of the quality and quantity of
cassava also need to be considered for the creative food
industry sector. Not all varieties of cassava are suitable for
creative food raw materials. So far, the most suitable variety is
Jarak Towo which has a unique taste, delicious, sweet, and
smooth [5]. In addition, Jarak Towo has a higher price
compared to other types of cassava. This variety was originally
founded in Karanganyar Regency on a dryland mountainous
area [5].

Jatiyoso District is one of the producers of cassava in
Karanganyar Regency. Cassava is the commodity with the
third-highest harvested area after rice and corn. The harvested
area of cassava in Jatiyoso District has increased from 610 ha
[6] to 662 ha [7]. However, the development of Jarak Towo
cassava in Karanganyar Regency including Jatiyoso District is
constrained by the limited suitable land for cultivation so that
production is not optimal. This variety must be planted at an
altitude of +1,000 m above sea level, to get high-quality yields
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[5]. So it is necessary to increase the productivity of Jarak
Towo cassava through land suitability evaluation. Local
people in Karanganyar call this cassava “jarak Towo” or
“jalak towo” because this variety has flowers and leaves which
resembling flowers and seeds of jarak (Jatropha) [5]

Land suitability is the activity of characterizing soils in a
certain area for specific land uses [8]. Information on
parametric and non-parametric land characteristics collected
in land surveys helps in the development of land use plans as
well as in estimating the effects of use on the environment [9,
10]. Research on land suitability for cassava commodities
refers to land suitability references applicable in Indonesia in
the Land Evaluation Technical Guidelines for Agricultural
Commodities [8]. The content only presents land suitability
criteria for the cassava commodity level in Indonesia, while
this study requires land suitability criteria for the Jarak Towo
variety. Several studies of cassava var. Jarak Towo has been
carried out. Sularti et al. [11] explain the analysis of Sijarwo
SMEs farming in Karanganyar Regency which produces
various processed cassava var. Jarak Towo. Irianto et al. [5]
conclude that it is necessary to implement all key factors to
increase the sustainability of cassava var. Jarak Towo
development. One of the key factors is land suitability.
However, these two studies have not discussed the land
suitability of cassava var. Jarak Towo. Therefore, this research
is expected to provide innovation related to the arrangement of
land suitability class criteria for Jarak Towo cassava.

The aims of this study were: (1) to identify soil and land
characteristics for the Jarak Towo cassava in Jatiyoso District,
Karanganyar Regency; (2) knowing the land suitability class


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.160614&domain=pdf

for the Jarak Towo cassava; (3) examine the characteristics of
soil and land that are the determining factors that affect land
suitability for Jarak Towo cassava and (4) determine the
management strategy to increase the land suitability class for
Jarak Towo cassava. This research is expected to provide
information as a reference to stakeholders or farmers regarding
the evaluation of the suitability and potential of the land for
the cassava commodity of Jarak Towo in Jatiyoso District,
Karanganyar Regency, Central Java.

2. METHOD
2.1 Soil characterization

The survey was conducted in Jatiyoso District, Karanganyar
Regency, Central Java, located at 111<3'0.75"-111<11'11.69"E
and 7241'21.98"-745'26.30"S (Figure 1). The research phase
consists of (1) pre-survey stage of administrative management
to the local government, making a map of land units by
observing the field conditions directly, then making a map of
the distribution of sample points; (2) the survey stage is carried
out with exploration movements to find observation points for
soil characteristics and land in the field as well as soil sampling;
and (3) the post-survey stage carried out soil sample
preparation and sample analysis at the Chemistry and Soil
Fertility Laboratory of Soil Science Sebelas Maret University.

The research area of Jatiyoso District is divided into 6 Land
Units (LU) with four repetitions determined by purposive
sampling to obtain 24 observation points (Figure 2). The
materials and tools used in the research are survey tools in the
field; GPS, soil drill, shovel, clinometer, stationery, ruler,
plastic bag and label for representative soil samples, and
laptop. Survey materials; Jatiyoso administration and contour
map. Laboratory analysis materials consist of soil samples
ready for analysis (82 mm and 0.5 mm), chemicals, and

laboratory equipment.
2.2 Data analysis

The process to determine land suitability requires land
evaluation which produces rational data for land use planning
[12]. and suitability evaluation includes several aspects such
as secondary data collection, primary data acquisition by
survey, laboratory analysis, and data analysis [13]. FAO [14]
divides land suitability classes into four classes: (1) very
suitable class/S1 i.e. land does not have a significant limiting
factor to sustainable use, (2) moderately suitable class/S2 i.e.
land has limiting factors that affect productivity so that it
requires inputs that can still be overcome by farmers, (3)
marginal appropriate class/S3 i.e. land has a heavy limiting
factor that affects its productivity and requires additional input
that is more than land with S2 class, and (4) unsuitable class/N
namely land that is not suitable (N) has a limiting factor that is
very difficult to overcome.

Table 1 is the land suitability classification of cassava
(Manihot esculenta) which has been modified to suit the Jarak
Towo variety on the basis that the Jarak Towo variety
produces well at an altitude of 1200 masl [5]. This modified
land suitability classification was obtained by observing the
soil and land characteristics at 1200 masl as base reference
area or S1 class area then averaging every its values of four
repetitions (four sample points) for soil and land
characteristics value of 1200 masl. The range of suitability
values for each soil and land characteristic is adjusted to the
suitability of cassava land according to Ritung et al. [8]. The
research area of Jatiyoso District has a 950 masl average
height with an area of 6,716.4 ha [15] is divided into 6 Land
Units (LU) based on altitude as a source of diversity. The land
unit is an area with an altitude of 1400 m (LU 1), 1200 m (LU
2), 1000 m (LU 3), 800 m (LU 4), 600 m (LU 5), and 400 m
(LU 6) above sea level.
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Figure 1. Site map of Jatiyoso District, Karanganyar Regency
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Figure 2. Sample point distribution map in Jatiyoso District, Karanganyar Regency

Table 1. Modified land suitability classification for cassava (Manihot esculenta) adapted from Jarak Towo variety

Soil and land
characteristics st S2 S3 N
Temperature (tc)
Average 16-18 >24
temperature (<C) 18-20 20-22 22-24 <16
Water availability
(wa)
Rainfall (mm/year) 3000-4000 2000-3000 1000-2000 <1000
Oxygen
availability (oa)
Drai well-drained, slightly well-drained, slightly somewhat imperfectly very imperfectly drained,
rainage - - - . - : .
imperfectly drained excessively drained drained excessively drained
Root capacity (rc)
Texture slightly smooth, moderate, slightly coarse smooth very smooth coarse
Coarse material (%) <15 15-35 35-55 > 55
Soil depth (cm) >75 50-75 20-50 <20
Nutrient retention
(nr)
CEC(me/100gr) >27 16 - 27 <16 -
Base saturation (%) >52 <52
5.5-5.9 <55
pH H20 5.9-7.0 70-76 >76 -
Organic-C (%) >25 2.0-25 <2.0 -
Nutrient
availability (na)
Total-N (%) high, medium very high, low very low -
P20s (mg/100g) medium low very low -
K20 (cmol/kg) medium low very low -
Erosion hazard
(eh)
Slope (%) 0-15 15-30 30-45 >45
Erosion hazard very light, light medium heavy very heavy
Land preparation
(Ip)
Rock surface (%) <01 0.1-3.0 3.0-25.0 >25.0
Rock outcrop (%) <0 1-10 10-20 > 20

Source: Ritung et al. (2011) adapted for Jarak Towo Cassava
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Land suitability analysis by matching the requirements for
plant growth with data from observations of soil and land
characteristics. Requirements for plant growth refer to Ritung
et al. [8] by modifying that land the Jarak Towo cassava
variety has been able to grow and produce well is a land that
has a very suitable land suitability class (S1). Altitude for the
suitability of cassava is the dominant environmental parameter
[16]. The data were statistically tested with the ANOVA test
to determine the effect of altitude on land suitability and on
land characteristics, if there is a significant effect, then proceed
with the DMRT test. The determining factor is obtained by
analyzing the correlation between land suitability and soil and
land characteristics.

3. RESULT AND DISCUSSION
3.1 Land suitability

The results showed that the land suitability class for cassava
of the Jarak Towo variety in Jatiyoso District only had two
classes, namely S3 (marginal fit) in 6,276 hectares and N (not
suitable) in 598 hectares (Table 2 and Table 3). The value of
soil and land characteristics of each land unit (LU) was
obtained through an average of 4 sample points per land unit.
The values of soil and land characteristics per land unit are
then matched with the growing requirements for cassava of the
Jarak Towo variety and then presented with an actual land
suitability map (Figure 3).

Land Unit 1 (LU 1) is located at an altitude of 1400 masl.
The land suitability class in LU 1 is S3 with the limiting factors
of temperature, soil depth, oxygen availability, and erosion

hazard. LU 2 is located at an altitude of 1200 masl. LU 2 is the
base reference area for growing conditions for cassava of the
Jarak Towo variety. However, the very steep slope causes the
low land suitability class in this land unit to be not suitable (N).
LU 3 is located at an altitude of 1000 masl. LU 3 land
suitability class is marginal-suitable or S3 with limiting factors
of root media, nutrient availability, and erosion hazard.

LU 1 has an average temperature of 17.76°C. The
temperature is influenced by altitude so that the higher an area
is above sea level, the temperature will decrease [17]. Cassava
tuber vyield is affected by altitude [18] and fertilization [19].
The impact of cassava due to low temperatures is inhibited
stem cuttings germination, decreased leaf production, and
decreased root tuber dry weight [20, 21]. Apart from
temperature, the land at LU 1, 2, and 3 are steep slopes with
values of 30-45% or even more. A good slope for crop
cultivation is less than 28° or 45% as an effort to prevent
erosion [22]. In addition, agricultural land in mountainous
areas besides requiring high nutrient inputs also has a risk of
severe erosion which causes problems with water sources in
the downstream body [23]. Erosion can be overcome by
applying ground cover vegetation [24] and mounds [25].

LU 4 is located at an altitude of 800 masl. The land
suitability class at LU 4 is S3 with limiting factors of root
media (rc), nutrient retention (nr), and nutrient availability (na).
LU 5 is located at an altitude of 600 masl with land suitability
class S3 along with the limiting factors of temperature (tc),
nutrient retention (nr), and nutrient availability (na). LU 6 is
located at an altitude of 400 meters above sea level. LU 6 land
suitability classes are temperature (tc), oxygen availability
(o0a), nutrient retention (nr), and nutrient availability (na).

Table 2. Actual land suitability class for Jarak Towo cassava (LU 1, 2, and 3)

. - LU1 LU2 LU3
Soil and land characteristics Score Class Score Class Score Class
Temperature (tc)
Average temperature (<C) 17.76 S3 18.98 S1 20.2 S2
Water availability (wa)
Rainfall (mm/tahun) 3000-4000 S1 3000-4000 S1 3000-4000 S1
Oxygen availability (oa)
. . slightly
Drainage S“%htl.y well- Ss1 sligntly S1 imperfectly S1
rained well-drained -
drained
Root capacity (rc)
Texture soft S2 soft S2 slightly soft S1
Coarse material (%) <15 S1 <15 S1 <15 S1
Soil depth (cm) 50 S3 80 S1 45 S3
Nutrient retention (nr)
CEC(me/100gr) 16.2 S2 17.72 S1 20.78 S1
Base saturation (%) 39.74 S1 38.62 S1 41.72 S1
pH H20 5.98 S1 5.94 S1 6.25 S1
Organic-C (%) 2.75 S1 2.10 S2 2.62 S1
Nutrient availability (na)
Total-N (%) 0.97 S2 0.6 S1 0.33 S1
P20s (mg/100g) 1.99 S3 2.05 S3 3.05 S3
K20 (cmol/kg) 21.19 S1 20.56 S1 21.79 S1
Erosion hazard (eh)
Slope (%) 30-45 S3 45-65 N 30-45% S3
Erosion hazard light S1 light S1 medium S2
Land preparation (Ip)
Rock surface (%) <0.1 S1 <0.1 S1 <0.1 S1
Rock outcrop (%) 0 S1 0 Sl 0 S1
Actual land suitability class S3 (tc, rc, na, eh) N (eh) S3 (rc, na, eh)

Source: Primary data
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Table 3. Actual land suitability class for Jarak Towo cassava (LU 4, 5, and 6)

. _— LU 4 LUS LUG
Soil and land characteristics Score Class Score Class Score Class
Temperature (tc)
Average temperature (<C) 21.42 S2 22.64 S3 23.86 S3
Water availability (wa)
Rainfall (mm/tahun) 3000-4000 S1 3000-4000 S1 2500-3000 S2
Oxygen availability (oa)
slightly slightly .
Drainage imperfectly S1 imperfectly S1 'mdprzg]iﬁly S3
drained drained
Root capacity (rc)
Texture slightly coarse S1 moderate S1 slightly soft S1
Coarse material (%) <15 S1 15-35 S2 15-35 S2
Soil depth (cm) 20 S3 50 S2 80 S1
Nutrient retention (nr)
CEC(me/100gr) 22.02 S1 22.37 S1 21.93 s1
Base saturation (%) 40.99 S1 39.56 S1 40.52 S1
pH Hz20 6.1 S1 5.92 S1 6.06 S1
Organic-C (%) 1.71 S3 1.76 S3 1.09 S3
Nutrient availability (na)
Total-N (%) 0.21 S2 0.27 S2 0.25 S2
P20s (mg/100g) 2.24 S3 2 S3 2.1 S3
K20 (cmol/kg) 26.11 s1 20.91 Ss1 29.73 s1
Erosion hazard (eh)
Slope (%) 15-30 S2 3-8 s1 3-8 s1
Erosion hazard medium S2 medium S2 medium S2
Land preparation (Ip)
Rock surface (%) <0.1 S1 <0.1 S1 <0.1 S1
Rock outcrop (%) 0 S1 0 S1 0 S1
Actual land suitability class S3 (rc, nr, na) S3 (tc, nr, na) S3 (tc, 0a, nr,na)
Source: Primary data
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Figure 3. Actual land suitability map for Jarak Towo cassava
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Table 4. Land suitability determining factors of Jarak Towo cassava

LS Temp RF Drain  Text. CM SD

CEC BS pH OC TN POs KO EH Sole RS RO.

Land suitability

Temperature 474"
Rainfall -174  -416"
Drainage -111 -.164
Texture .265 497" - -.159
Coarse material  -.063  -279 -165 -063 -.111
Soil depth -076  -472° 122 .108 -400 .
CEC .196 4757 -292 218 .046 -.044 -391
BS 147 .087 .064 -115 330 -251 -.194
pH .100 .030 .005 -.134 373 -250 -.309
Organic-C -408"  -7777 343 170  -469" 346 .345
Total-N -438" -805" .215 .022 -.6f18 341 485"
P,Os .052 .002 -.046 .167 294 -195 -.400
K,0 178 363 -4117 -364 139 -132 -.080
Erosion hazard .098 -.352 .051 -098 -170 -.130 .236
Slope -723" -751" 355 241 -247 196 .333

Rock surface 200 -276 -104 067 -222 .722" 250
Rock outcrop .364 249  -114 -218 312 290 .172

-.079
027 .892"
-247 -.049 .007

-414" -272 -271 6457

118 041 284 148 -.209
184 -078 .064 -317 -189 .149
-131 .006 .054 .119 .337 .252 .146
-199 -045 023 6167 484" 122 -309 .224
-025 -194 -247 322 247 -107 -285 .059 .197
064 -229 -214 -038 -117 .046 .089 -.064 -.129 .393

Notes: n = 24, numbers which followed by (*) have a correlation on 5% standard and (**) have a correlation on 1% standard

The low Organic-C at 400-800 masl is due to the lower
altitude compared to an altitude of 1000-1400 masl [26]. High
organic matter content not only provides nitrogen
requirements for plants but also increases the water retention
capacity of the soil and creates a favorable physical, chemical,
and biological environment [27]. Soil organic matter has a
very influential effect on the activity and diversity of
microorganisms [28-30] involved in the degradation process
of soil pollutants [31].

3.2 Land suitability determinant factors

The determinant factors of land suitability of the Jarak
Towo cassava variety were obtained through a correlation test
between several soils and land characteristics and the land
suitability class of the Jarak Towo variety. Table 4 shows the
correlation value between the observed soil and land
characteristics and the land suitability class. The R-value is a
Pearson value that indicates the strength and weakness of the
correlation between soil and land characteristics and land
suitability class.

3.2.1 Temperature

Based on Table 4, the correlation test shows that
temperature is significantly positively correlated with land
suitability class (R = 0.474*; Sig. 2-tailed = 0.019) and is a
determining factor. Temperature plays a role in germination
[32], leaf shape or size, and root dry weight [33]. Cassava can
grow with an average annual temperature of 25-29°C but
cassava can also grow at a temperature of 16-30°C or be
tolerant to these temperatures [34].

3.2.2 Nutrient retention

Nutrient retention consisted of soil CEC, base saturation,
pH, and organic-C (OC). The results of the observations
showed that land units 4, 5 and 6 had limiting factors of OC.
The correlation test showed that there was a significant
negative correlation between OC and land suitability class (R
=-0.408*; Sig. 2-tailed = 0.048) so that OC was a determining
factor for land suitability class for Jarak Towo cassava variety.
The value of the low OC is found at altitudes of 800, 600, and
400 meters above sea level with an average temperature
between 22-24<C. This shows temperature conditions
significantly negatively correlated with OC. The higher the
temperature in the study area, the lower the OC content of the

soil. Following the research of Dan et al. [35] that altitude has
a significant effect on the rate of decomposition of soil organic
matter. The highest decomposition is in areas with an altitude
of 1700-2000 masl, while the lowest is in areas with an altitude
of 1100-1700. High temperatures can increase the rate of
degradation of organic matter. On the other hand, soils in
colder climates will contain more organic matter because the
rate of decomposition is slower [36].

3.2.3 Nutrient availability

Nutrient availability consists of the characteristics of soil
Total-N (TN), P20s, and K;0. The entire unit of land has a very
low P,Os. This causes available nutrients to be a limiting factor
for all land units for the growth of Jarak Towo cassava. A
correlation test was conducted between the characteristics of
nutrient availability (na) and land suitability class. TN is a soil
and land characteristic that has a significant negative
correlation with land suitability class so that TN is a
determining factor for land suitability class for cassava of the
Jarak Towo variety (R = -0.438*; Sig. 2-tailed = 0.032). TN is
one of the characteristics of soil and land that has a high land
suitability value or is very suitable if the value is optimal.
Excess N in the soil can have an impact on plant growth. The
problems faced by plants in general when dealing with excess
N are that plants are easy to fall [37] and experience ammonia
toxicity [38]. Symptoms caused by cassava that have excess N,
namely leaf color become dark green, succulent, and inhibits
the absorption of P and Ca [39].

3.2.4 Erosion hazard

The limiting factor for erosion hazard (eh) is found in three
land units, namely land units 1, 2, and 3. The characteristics of
soil and land that have an impact on the determinants of land
suitability for cassava of the Jarak Towo variety are the
percentage of slope. Land unit 2 has a very high average slope
percentage level of 45-65% so that land unit 2 is classified as
land suitability class N (not suitable). The slope greatly
determines the amount of erosion that occurs [40]. The slope
affects the depth of the soil and soil profile thickness. Rezaei
et al. [41] explained that some areas with a low percentage of
slopes (toe slope areas) have quite deep soil due to deposits
obtained from areas with high slopes (upper slope), but there
are also steep slope areas with quite deep soil depth. The
correlation test showed that the slope was significantly
negatively correlated with land suitability class (R = -0.723**;
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Sig. 2-tailed= 0.000). Thus, the steeper or greater the
percentage of the slope, the worse the land suitability value for
cassava varieties of Jarak Towo. Everest et al. [42] using the
Analytical Hierarchy Process (AHP) scoring method where
slopes with a percentage of 0-2% get a score of 10, while a
slope above 30% gets a 1 score. So, it concludes that the flatter
the area, the higher the score, and vice versa.

3.3 Land management strategies

Figure 4 describes strategies to improve or manage each
land unit based on the determining factors for cassava of the
Jarak Towo variety. However, some soil and land
characteristics such as temperature which is affected by
altitude cannot be improved. Land improvement has to
consider the level of management efficiency required both in
terms of cost and energy [43].

Land units 1, 2, and 3 are land units that have a slope
determining factor. Efforts to repair that can be done are the
construction of the terrace or planting a cover crop. The terrace

is a soil and water conservation building that has the function
of reducing the length of the slope and retaining water. Other
efforts such as planting cover crops can prevent soil erosion
and runoff [44].

Land units 4, 5, and 6 have the determinants of Organic-C
and Total-N. The three land units need to be managed by
adding organic matter. Soil organic matter is a heterogeneous
and dynamic soil component that can increase crop
productivity and maintain a sustainable agricultural system
[45]. The addition of organic matter can increase the
availability of nitrogen [46], phosphorus, and potassium [47]
in the soil. The addition of organic matter can increase pH and
organic-C in cassava cultivation land [48]. Prasetyo [49]
reported that the application of a combination of 300 kg/ha of
urea with 5 tons/ha of manure was also able to stimulate
cassava roots with an increase of 214.58% compared to control.
Based on the results, land units 3 and 4 are land units which
land suitability class can increase if these two locations are
used as places for planting cassava var. Jarak Towo with the
direction of land management strategies that have been given.

LAND MANAGEMENT STRATEGY MAP FOR JARAKTOWO CASSAVA
N IN JATIYOSO DISTRICT, KARANGANYAR REGENCY
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Figure 4. Land management strategy map for Jarak Towo Cassava

4. CONCLUSIONS

Soil and land characteristics in Jatiyoso District are very
diverse in each land unit with land suitability class for cassava
of the Jarak Towo variety consisting of marginal suitable (S3)
and not suitable (N). The altitude of the area has a significant
effect on land suitability class indirectly through the soil and
land characteristics such as temperature, Organic-C, Total-N,
and slope which then becomes the determining factor for land
suitability class spread over the six LU such as temperature
and slope in LU 1, 2, and 3 so that land management strategies
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need to be carried out such as terrace development or planting
cover crop, while the determinants of C-organic and N-total
are found in LU 4, 5, and 6 which then need to be carried out
land management strategies such as adding organic materials.
LU 3 and 4 are the land units which has less determinant
factors and cassava var. Jarak Towo plantation could be
carried out. Researchers suggest that research on various
themes related to cassava of the Jarak Towo variety is carried
out again in the future so that cassava of the Jarak Towo
variety can compete with other creative food industry
commodities.
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