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ABSTRACT

The superior banana varieties in Karanganyar Regency, including Jenawi District, have the
potential to be developed, but banana development is still constrained by the lack of information
regarding land suitability. This study aims to to obtain the land suitability class for banana and its
limiting factors, to arrange land management for its development. This research was a descriptive
explorative study through a field survey approach, supported by laboratory analysis.
Determination of land suitability classes is carried out by matching land characteristics with plant
growth requirements. The actual land suitability class for banana plants is not suitable (N) and
marginal suitable (S3). The inhibiting factors for banana suitability were low temperature, high
rainfall, low P.Os content, steep slopes, and high erosion hazards. Land improvement effort that
can be done include elaborate drainage structure, liming and ameliorant adding, P-fertilizing,
planting in line with contour and cover crop planting. Potential land suitability classes for banana
are not suitable (N), marginal suitable (S3) and moderately suitable (S2). Jenawi District has
sufficient land potential for banana development. Banana development can be carried out on land
with moderately suitable potential land suitability by improving the land limiting factors.
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INTRODUCTION as vitamin C, vitamin B complex, vitamin

B6, and serotonin (Balitbang Pertanian

Bananas are the fourth most important 2007). Apart from being highly nutritious,

food in developing countries (FAO 2014). bananas have a high economic value that can
Bananas are widely consumed by increase farmers' income. Indonesia is the 6™
Indonesians because they contain minerals largest banana producing country in the
such as potassium, magnesium, phosphorus, world. Banana production in Indonesia
iron, and calcium, and contain vitamins, such reached 7.3 million tons with a productivity
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of 77.64 tons ha? in 2015 (Pusdatin 2016).
Banana production in Indonesia has met
domestic  requirements, but  export
requirements still need to be increased.
Increased production can be done by
expanding the banana cultivation area.

Banana plants can be used as
conservation plants in dry and critical areas.
The specialty of banana plants as
conservation plants can be maximized to be
cultivated in areas with low land capability,
namely high slopes, prone to erosion,
shallow soil depth and lots of gravel and
rocks. According to Pusponegoro et al.
(2018) land planted with bananas can reduce
erosion hazard from medium to low, with
good construction terraces as land
management. Factor C (soil cover crop) in
erosion management can be reduced by
planting broadleaf plants (Pham et al. 2018).
Broad-leaved plants such as bananas can
protect the soil from raindrops. Banana
development requires the availability of
suitable land, especially in dry land areas
which also makes bananas as a conservation
plant.

Karanganyar Regency is one of the
banana producers in Central Java Province.
Jenawi District is one of the agricultural
centers in Karanganyar Regency (Prihati
2013) which has the potential for banana
plantation development. Banana plants have
great potential in dry land such as yards,
moor/garden, pasture land, state forests and
plantations. The area of moor/garden that has
the potential for banana development in
Jenawi District is 1,992.00 ha (BPS
Karanganyar, 2017). In addition, the
Karanganyar Regency Government plans to
develop superior varieties, and make
Jenawi as a center for banana cultivation.
Karanganyar Regency Government makes
bananas as a main crop because bananas are
relatively easy to care for and are not
susceptible to pests and diseases. So far,
many residents of Jenawi District have also
planted bananas.

Karanganyar  Regency, including
Jenawi District has superior banana varieties
that are in demand by the public because they
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have fast growth, sweet taste, and high
vitamin A and C content (Herawati et al.
2018). However, it has not been developed
optimally. Most of the banana cultivation is
still carried out on a yard scale, is poorly
maintained and has not paid attention to the
suitability of the land, so the vyield and
quality are not good. Banana development is
constrained by the lack of information
regarding land suitability and information on
land management for banana cultivation.
Farmers need data bases and information on
land conditions, so that land potentials can be
found for sustainable crop production.

Improper use of agricultural land is a
major obstacle to agricultural production.
The continuous use of agricultural land,
without regard to land suitability has led to
more land degradation (FAO 2007). Land
suitability evaluation aims to determine land
potential and land management directions for
commodity cultivation (Mujiyo, Sutarno, et
al. 2020). The main objective of evaluating
the suitability of agricultural land is to
predict the potential and limitations of land
for crop production (Pan and Pan 2012). The
results of land suitability evaluation are in
the form of information related to land
limiting factors for agricultural production,
which can be used by land users and governments
in land use planning (Mardawilis et al. 2011;
Abdelrahman et al. 2016).

Jenawi District based on geographical
position and land potential has good
prospects and opportunities for banana
cultivation. Therefore, it is necessary to
evaluate the land suitability so that the
distribution of the location can be known.
Evaluation of land suitability for bananas has
been carried out, but only on the aspect of
climatic conditions. There is no data
regarding the suitability of soil conditions for
bananas. The research objective was to
obtain the land suitability class for banana in
Jenawi District and its limiting factors, to
arrange land management for banana
development.

RESEARCH METHODS

This research was conducted in Jenawi
District, Karanganyar Regency, Central Java,



at coordinates 111°4'54.063" - 111°11'40.01"
East Longitude and 7°37'14.103"
7°31'39.311" South Latitude. This area based
on geographical position and land potential
has good prospects and opportunities for
banana cultivation. This research was a
descriptive explorative study through a field
survey approach, supported by laboratory
analysis. The research stages consisted of :
(1) determining the Soil Map Unit (SMU) (2)
field surveying (3) laboratory analysis; and
(4) land suitability evaluation. The soil map
unit was determined by conducting an initial
soil survey at 23 observation points, which
were spread out based on elevation and land
use by the transect method. Soil map units
are shown in Figure 1.

The field survey aims to find out
information on land physiography and soil
characteristics and to take soil samples for
laboratory analysis. Each SMU was
represented by a soil pedon. Laboratory
analysis was carried out at the Laboratory of
Physics and Soil Conservation and the
Laboratory of Chemistry and Soil Fertility,
Faculty of Agriculture, Universitas Sebelas
Maret. The parameters observed included
soil texture (pipette method), Organic-C
(Walkey and Black), soil pH (pH meter with
soil to water ratio 1: 5), Cation Exchange
Capability (CEC) (NH40Ac 1IN pH 7

SOIL MAP UNIT
JENAWI DISTRICT

Locaton Research
]

Karangdnyas Regency

extraction), base saturation (extraction
NH4OAc 1N pH 7), total-P and total-K (25%
HCI Extract method), total-N (Kjedahl
method), salinity (electrical conductivity
meter method) and alkalinity (exchangeable
sodium percentage).

Evaluation of land suitability is carried
out by matching the land characteristics with
plant growth requirements. The terms of
plant growth refer to Ritung et al. (2011)
(Table 1). The land suitability classification
refers to the Land Evaluation Framework
according to FAO (1976), using three
categories, namely order, class and sub-class.
Land suitability classes consist of suitable
(S1), moderate suitable (S2), marginal
suitable (S3) and not suitable (N). The sub-
class shows the land factors that limit the
suitability of banana.

Suitable class (S1) means that the land
factor do not inhibit plant growth and does
not significantly affect land productivity.
Moderate suitable class (S2) means that land
characteristics can affect land productivity.
Marginally suitable class (S3) means that
land characteristics are difficult constraining
factors and require large funds to overcome.
Not suitable class (N) means that the
characteristics of the land are a serious
constraining factor and very difficult to
overcome

Mount Laww
3235 MASL

Figure 1. Soil Map Unit of Jenawi District, Karanganyar Regency, Central Java.



RESULTS AND DISCUSSION

Land suitability evaluation is an
assessment ofa land to obtain information
related to land potential for specific uses
(Rahmawaty et al. 2016). The evaluation
results consist of actual land suitability, and

potential suitability. The actual suitability
class is land suitability result based on the
assessment of land under current conditions
(Ulfa et al. 2014). Potential land suitability is
based on estimated land conditions after land
improvement is carried out.

Table 1. Land Requirement for Banana Cultivation

Land Characteristics S1 S2 S3 N
Temperature (tc)
Average temperature (°C) 25-27 27 - 30 30-35 > 35
22 -25 18 - 22 <18
Elevation (m asl) <1200 1200 - 1500 1500 - 2000 > 2000
Water availability (wa)
Rainfall (mm year™) 1500 - 2500 1250 - 1500 1000 - 1250 < 1000
2500 - 3000 3000 - 4000
Dry Month 0-3 3-4 4-6 >6
Oxygen availability (oa)
Drainage good, quite quite fast, obstructed very obstructed, fast
obstructed medium
Rooting depth
characteristic (rc)
Texture medium, quite  medium, quite  quite coarse, coarse
fine, fine fine, fine very fine

Coarse material (%) <15 15-35 35-55 > 55
Soil effective depth (cm) >75 >75 50-75 <50
Nutrient retention (nr)
CEC (me 100 g™ > 16 5-16 <5
Base saturation (%) > 50 35 -50 <35
pH H20 56-75 52-5.6 <52

7.5-8.0 >8.2
C-Organic (%) >1.2 08-12 <0.8
Nutrient availability (na)
N total (%) 0.21-0.50 0.10-0.20 <0.10
P,0s (mg 100 g) 21- 40 15-20 <15
K20 (cmol kg™) 21- 40 10- 20 <10
Toxicity (xc)
Salinity (dS m™) <2 2-4 4-6 >6
Solidity (xn)
Alkalinity /ESP (%) <4 4-8 8-12 >12
Erosion Hazard (eh)
Slope (%) <8 8-15 15-30 > 30
Erosion hazard very low low - medium high very high
Flood hazard/ inundation
On planting period (fh)
Height (cm) - - 25 >25
Land preparation (Ip)
Surface rocks (%) <5 5-15 15-40 > 40
Rock outcrop (%) <5 5-15 15-25 > 25
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Actual Land Suitability

Actual land suitability of bananas in
Jenawi District is not suitable (N) and
marginally suitable (S3). Actual land
suitability class at SMU 1 is considered
not suitable, while SMU 2, SMU 3, and

SMU 4 are classified as marginally
suitable (shows in Figure 2). The limiting
factor for banana land suitability in
research area is temperature, elevation,
rainfall, base saturation, P.Os content,
slope and erosion hazard (Table 2).

MAP OF ACTUAL LAND SUITABILITY

 smu4

Kilometers

Location Research

Karanganyar Regency

Actual Land Suitability
$3 | Marginally Suitable
[N | Not Suitable

SMU 1

Mount Lawu
3,235 MASL

Figure 2. Map of Actual Land Suitability for Banana

Table 2. Actual Land Suitability of Banana

Land Characteristics SMU 1 SMU 2 SMU 3 SMU 4

Value Class  Value Class Value Class Value Class
Temperature (tc)
Average temperature 13.9 N 21.3 S3 22.7 S2 23.9 S2
(°C)
Elevation (masl) 2056 N 837 S1 593 S1 399 S1
Water availability (wa)
Rainfall (mm yeart) 3750 S3 3750 S3 3250 S3 3000 S2
Dry Month 2.5 S1 25 S1 25 S1 2.5 S1
Oxygen availability (oa)
Drainage medium S1 good S1 good S1 good S2
Rooting depth
characteristic (rc)
Texture quite fine $2 ql_Jite $2 mediu $2 qyite $2

fine m fine
Coarse material (%) <15 S1 <15 S1 <15 S1 <15 S1
Soil effective depth (cm) > 150 50 - 50 - > 150
S1 100 S1 100 S1 S1

Nutrient retention (nr)
CEC (me 100 g1) 15.13 S2 12.85 S2 11.13 S2 8.58 S2
Base saturation (%) 29.62 S3 28.79 S3 42.62 S2 32.55 S1
pH H,O 5.62 S1 5.66 S1 5.55 S2 5.62 S1
C-Organic (%) 3.49 S1 2.22 S1 1.99 S1 2.19 S1
Nutrient availability
(na)
N total (%) 0.56 S1 0.30 S1 0.28 S1 0.29 S1
P,0Os (mg 100 g%) 2.61 S3 2.68 S3 3.22 S3 2.36 S3
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Land Characteristics SMU 1 SMU 2 SMU 3 SMU 4

Value Class  Value Class Value Class  Value Class

K20 (cmol kg?) 72.8 S1 51.4 S1 80.6 S1 47.2 S1

Toxicity (xc)

Salinity (dS m™) <1 S1 <1 S1 <1 S1 <1 S1

Solidity (xn)

Alkalinity /ESP (%) 7.2 S2 5.62 S2 7.7 S2 7.4 S2

Erosion Hazard (eh)

Slope (%) 15-25 S3  15-25 S3 25-35 S3  15-35 S3

Erosion hazard high S3 high S3 high S3 high S3

Flood hazard/

inundation

On planting period (fh)

Height (cm) <25 S1 <25 S1 <25 S1 <25 S1

Land preparation (Ip)

Surface rocks (%) 3-15 S1 3-15 S2 <5 S1 <5 S1

Rock outcrop (%) <5 S2 <5 S1 <5 S1 <5 S1

Actual Land Suitability N (tcl, tc2) S3 (tcl, wal, nr2, S3 (wal, na2, S3 (na2, ehl, eh2)

na2, enl, eh2) ehl, eh2)

Information: tcl (temperature); tc2 (elevation); wal (rainfall); nr2 (base saturation); na2 (P.Os); ehl

(slope); eh2 (erosion hazard)

Land suitability class for banana at
SMU 1 is not suitable with limiting
factors, namely temperature and elevation.
SMU 1 is located at 2,056 masl with
average air temperatures 13.9 °C. Area
with high elevation will have low
temperatures. Banana growth is not
optimal at low temperatures. Low air
temperature can interfere with growth and
affect crop production. Prayoga and Ismail
(2020) state that the elevation of the land
is affecting the ability of plants to adapt to
the environment. Air temperature plays an
important role in the growth of new leaves
and fruit (Ravi and Vaganan, 2016). The
emergence of new leaves stops at
temperatures below 16 °C and banana
growth stops at temperatures below 14 °C
(Robinson and Sauco 2010). Banana
growth is good at 25-30 °C, and will
experience a slow maturation process at
lower temperatures, even to the point of
damaging plants if the temperature is
below the freezing point (Rizal and
Sasmita 2014).

SMU 2 has a marginal land
suitability class (S3) with limiting factors
such as temperature, rainfall, base
saturation, P>Os content, slope and erosion
hazard. The temperature at SMU 2 is also
too low for banana growth. Although not
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as low as in SMU 1, the low temperature
will affect the process of fruit formation
and ripening, so it will affect the quality of
bananas. The climatic factor that is also a
limiting factor is rainfall. Rainfall in
Jenawi District is higher than the optimum
requirement for bananas, which can
interfere with their growth. High rainfall
can have direct and indirect effects on
growth and yield quality. The direct effect
of rainfall on plants is that it can damage
plants and can trigger the development of
diseases. High rainfall accompanied by
high humidity can cause the emergence of
Black Sigatoka disease (Mycosphaerella
fijiensis) which causes damage to banana
leaves (Robinson and Salco 2010). The
low temperature at SMU 2 indicates the
humidity is quite high, so with high
rainfall, disease development can occur.
The indirect effect is that high
rainfall can cause soil nutrient leaching
and cause erosion. High rainfall can lead
to the leaching of soil nutrients (Robinson
and Sauco 2010). High rainfall also affects
run-off and the rate of erosion (Sutapa
2010). SMU 2 has a slope of 15-25%
which is categorized as rather steep. Steep
slope with high rainfall (3250 mm year?)
will increase erosion hazards and nutrient
leaching in this area. Nutrient leaching



which is quite intensive, may be one of the
factors causing the low base saturation and
availability of soil phosphorus. Base
saturation symbolizes the availability of
several essential nutrients such as Ca, Mg,
K and Na. Low base saturation results in
reduced  nutrient  availability  and
deficiency of phosphorus reduce nutrients
for plant growth. In this area phosphorus
content is low about 2.68 mg 100 g*
which categorized as suitable marginal for
banana growth, it might decrease
metabolic processes on plant including cell
division, cell expansion, plant respiration,
and photosynthesis (da Silva et al. 2014).

Land suitability for Banana at SMU
3 and SMU 4 is classified as marginally
suitable (S3) with limiting factors,
including rainfall (only in SMU 3), P20s
content, slope and erosion hazard.

Rainfall at SMU 3 also exceeds the
requirement for bananas, thus affecting
growth and fruit quality. Bananas grow
well in flat topography, and be able to
grow in the elevation of more than 500
masl with a normal temperatures 17-30 °C
(Batubuaya et al. 2019). Steep slope
causing high erosion potential. High
erosion hazards will lead to banana
production failure because the soil depth
will become thinner and cannot support
the plants properly. The steep slope is also
an obstacle for farmers in land
management. The research results of
Nainggolan's (2018) show that the use of
fertilizers for banana cultivation will be
greater on steep slope, so that in addition
to the danger of erosion during the rainy
season, land on a steep slope (25-35%)
will incur higher production costs in
farming.

Several characteristics of the land in
all SMU have met the needs of banana
growth so that it is very suitable. Rooting
depth characteristic in all observation
points has very suitable conditions (S1) for
banana growth. Although the land is on a
steep slope, the soil depth is >150 cm.
Depth soil condition is allow roots to
develop properly (Patompo et al. 2018).
All SMU do not have a flood hazard, so
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crop damage due to flooding can be
avoided. Organic-C in all SMU is
moderate, so it is sufficient for banana
growth. In addition, soil fertility conditions
including Total-N and K>O content at all
points are classified as very suitable (S1)
so it can supply essential macronutrient
needs for banana plant growth. Nitrogen
nutrients play a role in stimulating plants
during the vegetative phase so that it will
affect the growth of banana plant height
(Martono et al. 2017). The salinity
condition of the soil did not inhibit the
absorption of soil nutrients, nor causing
toxicity for the growth of banana plants,
classified as very suitable (S1). It shows
that the soil fertility conditions in the
research area have the potential to be used
as banana development land.

Potential Land Suitability

Potential land suitability is based on
estimated land conditions after land
improvement is carried out. The
formulation of recommendations for land
management is compiled based on land
characteristics which become the limiting
factor for land suitability in Jenawi
District. The potential land suitability after
land improvement is unsuitable (N) at
SMU 1, marginally suitable (S3) at SMU
2, and moderately suitable (S2) at SMU 3
and 4. Recommendations for land
management are listed in Table 3. Map of
potential land suitability for banana is
shown in Figure 3.

SMU 1 has a limiting factor that is
difficult to overcome because it is related
to climatic factors. Air temperature at
SMU 1 is directly affected by elevation.
Higher elevation causes lower
temperature. The temperature at SMU 1
may cause disruption of banana growth,
starting from leaf formation, flowering,
fruit formation and fruit ripening. Low
temperatures affect almost all phases of
plant growth. Improvement efforts are not
able to be made, so the potential land
suitability at SMU 1 is not suitable (N).
Banana cultivation in SMU 1 is not
recommended. Climatic conditions are



difficult and require large capital to
overcome. A high level of management is
required to make climatic conditions
suitable for crops (Mujiyo et al., 2017).
Rainfall at SMU 2 and SMU 3
exceeds the optimal requirement for
bananas. High rainfall can increase the risk
of nutrient loss due to leaching and
increase the erosion hazard. Excess rainfall
can also cause waterlogging which can
inhibit oxygen supply to plant roots. The
land management effort that can be done is
the elaborate drainage structure. Elaborate
drainage structures have to installed to
disperse excess rainfall and prevent
waterlogging (Robinson and Satco, 2010).
Another effort that can be done is to install
biopori on the land, so that water can be
stored in the soil. The application of
biopores can absorb surface runoff, so that
erosion and nutrients loss are reduced
(Devianti et al., 2019). Improvement of the

drainage structure along with the
application of biopori can be used as a
solution to overcome excess water due to
high rainfall.

Base saturation in SMU 1 and SMU
2 is low. Nutrient leaching is one of the
causes of low base saturation. Yao et al.,
(2021) stated that high rainfall intensity
causes surface runoff and nutrient loss
during rainy season on sloping agricultural
land. Base saturation needs to be increased
with the addition of dolomite. Dolomite
contains several nutrients such as Ca and
Mg which can increase base saturation.
Application of dolomite as much as 1.4 ton
ha™ significantly increases base saturation
(Syaputra et al., 2015). Another effort that
can be done is the addition of ameliorants
such as biochar. The addition of biochar
can increase soil pH (Liu et al., 2017), so
that base saturation also increases.

Table 3. Improvement Effort and Potential Land Suitability for each SMU

SMU Inhibiting Factor

Improvement Effort

Potential Land Suitability

SMU1 Temperature -
Elevation -

SMU 2  Temperature -

Not suitable (N)

Marginally suitable (S3)

Rainfall Elaborate drainage structure

Base saturation

Liming; amelioration

P,Os content P fertilization
(organic and inorganic)
Slope Planting in line with contour;

cover crop planting
Planting in line with contour;
cover crop planting

Erosion hazard

SMU 3  Rainfall Elaborate drainage structure Moderately suitable (S2)
P,Os content P fertilization
(organic and inorganic)
Slope Planting in line with contour;

cover crop planting
Planting in line with contour;
cover crop planting

Erosion hazard

SMU 4  P,Oscontent P fertilization

Moderately suitable (S2)

(organic and inorganic)
Slope Planting in line with contour;

cover crop planting
Planting in line with contour;
cover crop planting

Erosion hazard
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Figure 3. Map of Potential Land Suitability for Banana

SMU 1 to SMU 4 have a limiting
factor of very low P.Os content. The need
for banana plants for macronutrients,
especially NPK, reaches 10 kg of manure
or in the range of 650 to 900 kg of NPK
fertilizer per hectare in 1 year for growth
and banana production (Rodinah et al.,
2017). This shows that the soil in Jenawi
District requires additional nutrients with
proper fertilization. Fertilization can be
done with organic or inorganic fertilizers.
Tufaila et al. (2014) stated that giving
chicken manure with a dose of 20-25 tons
ha can increase soil P,Os from low to
high levels. Inorganic P supply by TSP or
ash positively effecting the uptake of P in
soil, research of (Schiemenz & Eichler-
Lobermann, 2010) showed the average of
crops yields has increased by P supply.

SMU 2, SMU 3 and SMU 4 have
limiting factors, namely the steep slope
and high erosion hazard. Land
management efforts that can be done are
planting in line with contour and cover
crop planting. Lenka et al. (2017) stated
that planting in line with contour and cover
crop planting can reduce erosion hazards
in areas with steep slopes. Cover crop
planting such as grass is effective in
reducing soil loss due to erosion,
especially in mountainous areas with steep
slopes (Biddoccu et al., 2016).
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CONCLUSION AND SUGGESTION

Bananas have sufficient potential to
be developed in Jenawi District by
implementing several land improvements.
Banana plantation development can be
carried out on land with sufficient
potential land suitability, at SMU 3 and
SMU 4. The location selection is based on
land limiting factors that can still be
resolved. Recommendations for land
management that can be carried out are
elaborate drainage structure, the addition
of lime and ameliorant, P fertilization,
planting in line with contour and cover
crop planting. It is hoped that the
development of bananas in Jenawi District
can increase farmers' income as well as
reduce the potential of erosion hazards.
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