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SOIL OF PAMETIKARATA, EAST SUMBA: ITS SUITABILITY
AND CONSTRAINTS FOR FOOD CROP DEVELOPMENT

B. H. Prasetyo, Hendri Sosiawan, and Sofyan Ritung

Cemter for Sod and Agraoclimate Reseoech, Jalan 1§

ABSTRACT

Famectikarata, Lewa subdistinct, s the prority area for foed
crop develapment in East Sumba. To evaluate it sustability and
constraints, chemical propertics, suitability and fertility capa-
bty classification Ffor rice and secondary crops of some
potential souls have heen studied both in the field and in the
laboratary. Seven soil profiles consisted of forty one soil
samples were subjected to chemical and mineralogical analyscs
in the laboratory. The analyses consisted of clay fraction and
organic-carkon contents, pH, potential T and K (25% HO
cxtraction), available P, phosphate relention, exchangeahle
cations and cation cxchange capacily [MH GAC TH, pEl 7Y, and
mineralogical composition of the clay fraction. The resulis
imdicate that soil acidity vares from acud 1o neuteal Exchange-
able caticns are dominated by Ca eation and soil CEC ranges
fram low 1o very high. Clay mineral composition alse varies.
seme are dominated by montmerillonite, others show mixed
mineralogy  hetween montmorillonite amd kaolinite, and the
rests are donunated by kaolinite With the exception of wet
Vertisols, all soils are gronped as marginally suitable {53) for rice
and secondary crops. Muotnient availahility and  retention are
the common hmiting Tactors Using fertility capability classi-
Neation [FOC) all soils are grouped as clayey soils with low
mfiltration and high water holding capacity. The serious con-
streint for food crop development in this area s uncontrolled
grazing that makes a conflict of mnterests between farming and
caltle herding systems. Optimum success of food crop develop-
ment i the arca could be reached by controlling the herding
svatem and smproving the existing agricultural system

[Reywards: land suitabilicy: food crop development: cattle]

INTRODUCTION

East Musa Tenggara is one of the priority area for
development in the Second Long-Term Mational
Development, with special emphasis on food crop
development. Utilization of the area with a long dry
season faced many limiting factors, therefore the use
of soil, water, and topography should be adjusted 1o
the climatic condition. Twao main limiting factors for
food crop and tree crop development are physical
and climatic conditions. The physical factors are
. shallow soil and topography of the area which mostly
has steep slope {=45%), while the climatic condition
15 a pronounced dry scason with a short period of
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growing season and limited water availability for crop
growth (Adiningsih ef af, 1996), Lrosion hazard is
another problem due to high rainfall intensity striking
within the short time upon the soil of steep sloped
topography {Momuat and Malian, 1988,

Pametikarata, Lewa subdistrict, is one of the priority
area for food crop development in East Sumba repen-
cy ( Fig. 1. The area is selected by the local povern-
ment based on several reasons. i.e. the topography is
relatively flat. water for irrigation is available from
natural springs, and the climate 15 the wettest com-
pared 1o the other area in this regency. Soils in the
arca are mainly developed from alluvium, colluvium,
limestone, and a portion derived from tufaceous marl
and old lava basalt. According to geological map of
Effendi and Apandi (1981}, originally the arca was a
sea Noor, which was uplifted and latter experienced
erosion and denudation processes,

The climate of the area is quite different to others
in the regency. The annoal rainfall is 204-2 882 mm
with an average of 2,043 mun vear ' {Table 1), Based on
Schmidt and Ferguson (1951}, the ramfall type of
Lewa is D, and Oldeman er af {1980) classified it as O3
type. Calculated water balance shows water deficit
during six-month period from middle of April to
Oclober (Fig- 2). Planting season normally takes place
for six months, from November to April,

Based on the semidetail soil map of the area, five
soll orders were found in Pametikarata, i.¢., Entisols,
[nceptisols, Vertisals, Mollisols, and Ultisols {Pusat
Penelitian Tanah dan Agroklimat, 1997}, General soil
distribution, simplified from the semidetail soil inap of
Pametikarata, is shown in Fig. 3. Shallow Entisols and
Mollizols are predominant soils in the hilly area. In
the undulating area, deep soils of Ultisels and Maolli-
sols are found. Mollisols with black color commonly
occupy the upper part of the landscape, having a
larper slope than those of Ultsols, while Ultisols with
reddish color and smaller slope are gencrally found
in the lower part. In the flat to slightly flat areas,
Vertisols and Inceptisols are dominant. OFf the whole
33.000 ha surveyed area, about 11,506 ha (34,9%) are
suitable for rice and secondary crops.
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Fig. 1. Map of Sumba Island showing location of the study area, and map of East Nusa
Tenggara Province {inzet) showing position of the island.

Table 1.
Oldeman agroclimatic zome of Lewa, 1967-95.

The mean monthly rainfall, potential evapoiranspication (PET). Schmidl and Ferguson rainfall type. and

Schmedt and Ferguson (P051Y

Cldeman e wf (T9E-

Menth Rainfall PET — B

[mm} [mm} ey Wl Famtali [3ry Wt Aproclimatic
manth menth tvpe month muonth Fung

January 352 145

February 305 L3g

March 193 131G

April | 6% 134

Mav N P26

June kL [RE! -7 o i1 i-7 2.7 3

July 23 103

August |15 108

Scprember a1 126

Cletober e 143

Maovember 260 153

[ecember 33K 147

Annual 2,043

‘Dry month less than 60 mm month'. wet month maore than 100 me month

Oy month less than 100 mm month!, wel month maore than 2000 mm manth!

In the studied area, management of rainfed rice field
is very simple. Although in some areas water is
available for irrigation at anytime, rice is planted once
a vear without fertilizers. Using buffalo and cow for
plowing is limited, and crop maintenance is not
applied. After harvest, the land is left fallow even
though water is available and the soil is still moist.
The land is then used for cattle grazing. Local people

practice free grazing system in which they let the
cattle freely in the harvested rice fields. This situ-
ation occurs perhaps due to the conflict of interests
between farming and cattle herding system in the
Same area.

This paper aims to discuss the suitability and cons-
traints of Pametikarata soils, East Sumba for food crop
development based on soil properties and fertility.
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Fig. 3. Simplified soil map of Pametikarata area (Pusat Penelitian Tanah dan Agroklimat, 1997).



MATERIALS AND METHODS

Field observation and soil sampling conducted
during the soil survey of the area and laboralory
study were organized by the Center for Soil and
Agroclimate Research in 1996, Soils were classified
according to Soil Taxonomy (Soil Survey Staff, 1994).
Soil profiles were selected to represent potential soil
in the flat and undulating arcas. Seven profiles
consisted of forty one soil samples were used for
study. Chemical and mineralogical analyses were
done for soil identification and classification.

Soil samples were analyzed for the content of clay
fraction and organic carbon, pH, potential P and K
{25% HCl extraction), available F {Olsen er al. 1954),
phoasphate retention (Blackmore et al | 1981}, ex-
changeable cation and cation exchange capacity
(CEC){NH,OAc IN, pH 7), and exchangeable Al (K]
LY. Unless mentioned all other soil analyses were
conducted following the method described in Soil
Survey Laboratory Staff (1991). Evaluation of the
suitahility and constraints of the soils for growing rice
and secondary crops (maize, groundnut, soybean,
and cassava) was done based on the method of
Djaenudin er al. (1994), and fertility capability
classification (FCC) was carried out according to the
method of Sanchez and Buol {1935). Mineralogical
composition of clay fractions was determined by X-
ray Diffractometer. Clay samples were saturated by
magnesium, magnesium + glycerol, potassium. and
potassium + heating at 530°C. Cu tube was used and
operated at 40 kV and 25 mA.

RESULTS AND DISCUSSION
Soil Properties

Chemical propertics of representing soils of flat arca
are given in Table 2, while those for soils of un-
dulating area are presented in Table 3. The soil prop-
ertics are evaluated according to criteria commonly
used in the Center for Soil and Agroclimate Research
{ Pusat Penelitian Tanah, 1982,

Soils of the flat area consisted dominantly of
Vertisols {Typic Endoaquerts, Udic Haplusterts) and
Inceptisals {Vertic Ustropepts, Oxyaquic Dystro-
pepts), while those of the undulating area comprised
of Mollisols { Typic Argiustolls, Vertic Argiustolls)
and Ultisols (Ustic Haplohumults). The data show
that all sails, except Vertic Argiustolls (Table 3) have
heavy clay texture as indicated by the clay content of
more than 60%. Heavy textured soils are dominated
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by montmaorillonitic clay minerals which gives some
problems on soil cultivation. Normally, the soils form
cracks and become hard to very hard during dry
season, and transform to muddy and very sticky
during wet scason,

Organic carbon content s high in the top soils and
regularly decreases with the soil depth. In the flat
area. soils exhibit acid 1o neutral reaction (pH 5 8-7.7)
and in the undulating arca the soils show acid to very
acid reaction {pH 5.2-4.3). This probably occurs be-
cause leaching of bases in the undulating area is
more active than that in the flat area, and the latter
area receives the leached bases from the higher area.

Potential P content of soils in flat and undulating
arcas are gencrally high to very high, howewver
availahle P is generally very low, because of P
fixation phenomenon. In Vertisols {Typic Endo-
aquerts and Udic Haplusterts), P is fixed by Ca as Ca-
P, but in the acid soils of Inceprisols ( Vertic Ustro-
pepts, Oxvaquic Dystropepts) and Ultisols (Lstic
Haplohumults), beside Ca as possible fixation agent,
Pis also fixed by Al and Fe as Al-P and Fe-P. This
finding is supported by the data of phosphate
retention. Phosphate retention in seils dominated by
exchangeable Ca, but does not show exchangeable
Al shows almost the same value with P retention in
soils which are not dominated by exchangeable Ca,
but have exchangeable Al

The most important properties of soil with mont-
morillonitic mineralogy are high CEC and ability 1o
shrink and swell. High CEC value increases soil ahility
to hold nutrient cations such as K'. NH", Ca’™ and
Mg Unfortunately high content of montmorillonite
causes restriction of root growth, especially in the
dry scason, when the soils shrink to form cracks and
become very hard.

Fxchangeable cation is deminated by Ca in both
soils of the flat and undulating areas. However in the
acid soils (Vertic Ustropepts, Oxyaquic Dystropepis,
and Ustic Haplohumults), the amount of exchange-
able Ca is less than those of the nonacid soils (Typic
Endoaquerts, Udic Haplusterts, and Typic Argi-
ustolls). This probably occurs because leaching of
bases in the acid soils is more intensive than that in
the nonacid soils. The domination of Ca in these
soils 15 related to their parent material, that in this
case, soils are developed from alluvium. tufaceous
marl, limestone, and basaltic rocks (Prasetyvo ef al.,
[ 99E).

Aluminum saturation in the acid soils ranges from |
to 47%. The origin of exchangeable Al is related to
clay mineralogical composition of which montmaorillo-
nite is present in the soils as the source of Al
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Typic Endoaguedls, very Fine. montmoerillonitic, sohvpertheomic
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13-2% 54 I3 5.2 43 i 1 na 1575 1.2% 011 14k 349 2
25-52 64 |3 A0 41 0 I ina 1710 114 Of | 5w s B
22.713 T3 0.5 4.4 [ mn 1 na 2945 1.85 nzl AR 472 7
7190 74 L 51 114 13 i na 40,51 252 024 D 9s 516 2
Gi-121 ] 0.l 52 220 in 3z na 64 1 0w 422 437 1

Coyvaquic [vstropepts, very Tine, kaclinitic, isohyperiherne

0-18 63 201 43 &9 6 L) 67 645 081 00K 446 255 vs
Ih-32 63 0.7 48 f2 5 T Tl 480 D42 DOE 3 RR 213 41
3250 (Y] {16 4.7 62 i | Hi s M 027 nng 573 4.9 in
A0-93 fd 04 4.5 40 I | na RS 032 017 942 kR 47
Gio125 &3 0.2 4.4 41 O L i 1123 065 017 §.12 i1 kL
125-1a2 o] 0.1 4.5 40 11 1 ni 12,940 108 017 6 R§ RN il
na = not analveed

(Prasctyo e al., 1998). In the acid condition, mont-
marillonite becomes unstable and releases Al from its
structure (Buol ef afl., 19807,

Cation exchange capacity of soils in the flat arca
ranges from 21.5 to 73.4 cmol (1) kg soil and from
30,910 62,2 cmol (+) kg soil in the undulating arca. [t
seems that the amount of montmaorillonite in the soils
affects the value of CEC. In the acid soils {Vertic
Ustropepts, Oxiaguic Dystropepts and Ustic Haplo-
humults, Table 2 and 33, the CEC of soil varies from
24.9 1o 62.2 cmol {(+) kg soil. These values are
apparently quite high for the normal acid soils. This
is because of few to moderate amounts of mont-
morillonite in the kaolinitic clay mineral that
contribute to a higher CEC value {Oxyaquic Diystro-
pepls, Table 2} and approximately the same amounts

Cofmontmorillonite and kaolinite minerals in the mixed
clay mineralogy {Vertic Ustropepts and  Ustic
Haplohumults, Table 2 and 3).

Land Suitability and Constraints

Land suitability and constraint for food crop
development, i.e. rice, maize. groundnut, soybean,
and cassava were evaluated according to the method
of Djaenudin ef af. (1994). The results are presented
in Table 4.

The results indicate that for vice, maize, groundnul,
sovbean, and cassava, soils are grouped as marginal-
Iy suitable (53) and for cassava, only Typic
Endoaguerts is not suitable (M1). In the flat area, the
main constraint for growing rice is low nutrient
availability indicated by n symbol, while in the
undulating area despite nutrient, water availability
indicated by w svmbol is also a limiting factor. The
seneral constraints for secondary crop cultivation in
flat and undulating areas are low nutrient availability
in), rooting condition {r). and nutrient retention ().
Some soils in the flat area show phosphate retention
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Table 3. Soil properties of undulating arean of Pametikarata, East Sumba,
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125-162 [ 014 4.5 410 11k I fa 1290 1.08 017 6.8 LY
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0-15 &9 336 4.7 42 13 4 i Q03 501 019 P 502 |2
| 5-28 T2 265 4.9 kR 10 2 ni Seb 3 58F 0 000 1] 513 29
15-57 a 2.0 5.4 23 (] 1 fhiL SRR X6l 00l 1.7 44 & 15
5T-83 87 11158 5l 22 [ 1 na TA4T 31 013 B.5 450 42
B3-105 B .74 5.0 28 14 1 fa 22 333 07 ] 18 1 kR
|51 57 T .60 b 30 0 1 na 99 381 014 01 f21 43
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Table 4. Land suitahility class of Pametikarata seils for several crops,
Soils %EGL‘J: Rice Maize  Groundnut Snyi:;can Cassava
Typic Endoaquerts Flat Sim 53r.n S3rm S3rn . Nl,r"
Udic Haplusterts Flat 3n S3n S3n San.r 33n.r
Wertic  Ustropepts Flat 53n S3nr i S3ina.f Sin Sinr
Crwyaguic  Dvstrapepts Flat Sin S3n,r,f Sina.f Sinorf Sinrf
Typic Argiustolls Lindulating Einw S3mr Sinr 53n.0 53
Ustie Haplohumules Lindulating S3n,w S3n 53n S3n S3n
Wertic Argiustolls Lindulating Sinw S3n,w S3m,r,f Sinrf Sinr

Suitability class: 53 = marginally soifable. M1= not suitable al the present time
Caonstraints: n = nutrient availability (M total, PO, and KO0 ¢ = rooting condilions (soil drainage,

texture, and effective soil depth), w = water availability, [

problems, due to fixation either by Ca in nonacid
soils or exchangeable Al in acid soils. Phosphate
retention problem can be overcome either by
fertilizing soils with high P dosage extended 1o the
second planting season or saturating soil with P
fertilizer to cover the anion absorption site of the
soils (van Wambeke, 19927

Growing rice in the flat area should consider water
availability. For wet Vertisels (Typic Endoaguerts)
that have a simple irrigation technique, lowland rice
cultivation can be practiced all year around, while for

nutrignt retention (so0il CEC. @nil pH, organic-C)

the other Vertisols (Udic Haplusterts) and Inceptisols
{(Vertic Ustropepts and Oxyaquic Dystropepts) which
occupied the same area, growing rainfed rice during
the wet season is still possible. Growing rice in the
undulating arca, Mollisols {Typic Argiustolls, Vertic
Argiustolls) and Ultisols (Ustic Haplohumults), is not
suitable, The area is more appropriate for growing
maize, groundnut, sovbean, and cassava.

The other limiting factor for growing secondary
crops is rooting condition (r), which is mainly caused
by soil texture. Except for Vertic Argiustolls, all soils
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have heavy texture with clay content of more than
60%. High clay content dominantly composed of
monimerillonite mineral is the reason for the crack
formation during dry season which causes the roots
difficult to grow. The less serious limiting factor 15
nutrient retention caused by acid soil reaction. This
can be overcome by liming. Balanced fertilization and
lime application especially for the acid soils would
increase the land suitability class from the presently
marginally suitable (53) to moderately suitable (52} or
even very suitable (51,

The results of evaluation for the main fertility
related to the soil constraints for agronomic manage-
ment are presented Tahle 5. The table shows that all
soils are classified as C-soils, that is clavey soil with
low infiltration and high water holding capacity. The
soils are generally easy to puddle but difficult to
restructure after puddling. In C-soils, particularly the
Cw, the structure of aggregate is easily to break down
during wet land preparation doe to the presence of
montmorillonite (Sanches, 1973

Soil humidity indicated by a d modifier is limited
during dry season and generally acts as the main
constraint for all soils, except for the wet Vertisols
{Typic Endoaquerts). This soil is situated in the
depression, has very shallow ground watertable and
therefore has an aquic moisture regime, indicated by
¢ modifier. The g modifier means that the soil is
usually favorable for rice due to its anaerobic
characteristic (Ponnamperuma, 1965).

-1

Soils with v modificr have vertic properties, that
cause shrink and crack during dry season. The vertic
properties are originated from the presence of the
dominant montmorillonite clay mineral in the soil,

Almost all soils have low to very low exchangeable
K and only some soils show exchangeable K content
of less than 0.20 cmol (+) kg™ soil that becomes cons-
traint for crop growth. It scems that low exchange-
able K is inherited from soil parent material, which is
naturally low in its K content. The low value of
exchangeable K that is indicated by a k modifier.
quantitatively defines soil with low inherent poten-
tiality comparable to those soils having less than 10%,
weatherable mineral in their sand and silt fractions
within 50 c¢m of the soil surface (Kawaguchi and
Kyuma, 1977}, The other constraint cxcept for
Vertisols (Typic Endoagquerts and Udic Haplusterts) is
low soil acidity indicated by h modifier, in which soil
pH ranges from 4.3 1o 6.0, in both surface and
subsurface horizons,

Alternatives of Problem Solution

The evaluation shows that soils of the flat and
undulating arcas are classified as marginally suitable
(53 class) for cultivation of rice and secondary crops.
The main limiting factors are low nutrient availability
{n}, rooting condition {r), and outrient retention (1.
According to FCC, the general constraint for all soils
is limited soil humidity during dry season (d). In the

Table 5.  Fertility capability classification (FOC) of studied soils,

Soils - © Relief o ECE class Main constraints -

Typic Endoaguerts Flat Cuvh Aquic moisture regime, soul shrink and
cracks during dry scason, high pH

Udic Haplusterts Flai Cdvh Soil humidity, soil shrinks and cracks
during dry season, high pH

Wertie  Ustropepts Flat Cdvh Soul humidity, soil sheinks and cracks
during dry season. low soil acidity

Oxyaquic Dystrapepts Flat Cdhk Soil humidity in dry season, low soil
acidity, low exchangeable K

Typic Argiustalls Lindulating Cdhk Sotl humidity in dry scason, low soil
acidity, low exchangeable K

Wertic Argiostolls Undulating Cidvh Soil humadity, soil shrinks and cracks
during dry season, low sonl acidity

ste Haplohwmults Undulating Cdvhk Soil hwmidity in dry season, low soll

acidily, low exchangeable K

O = cluyey soil with low mfiltration and high water holding capacity

Constraings and modifiers;

2 =aquic soil meisture regime;, d = soil humidity as a Hmiting factor during dry scason: v = verlic properties cansing

soal shrinks and cracks during dry season, b -
exchangeahle K

high pBl of more than 7.3 h = low pH of 50-6.0; k = |ow



flat area. the other constraints are: (1) low soil acidity
{h) and either shrink and crack during dry season (V).
(2) low exchangeable K (k) for Inceptisols, and shrink
and crack during dry season (v} and high pH (b) for
Vertisols., While in the undulating area, waler
availability (w), soil acidity, and low exchangeable
potassium (k) are dominant constraints,

Due to relatively short wet season (about 4
maonths), the first selution is to select appropriate
planting season that normally takes place in Novem-
ber to April. In the flat area, wet Vertisols (Typic
Endoaguerts) that occupy depression with continuous
supply of spring water as a source of water irrigation,
are suitable for cultivating lowland rice twice a year,
To avoid excess of water in the depression during wet
season, drainage ditches should be constructed to
divert water supply to the existing natural river. The
other soils are more suitable for rainfed rice field
during wet season, followed by secondary crops as
soon as the rice is harvested. Shrink and crack
constraint disappears during wet season as a result of
swelling of the montmeorillonite mineral. In the un-
dulating area, planting secondary crop is only
possible during wet season. Rice is not cultivated in
this area. Low nutrient availability, particularly P and
exchangeable K can be eliminated by adding sufficient
I and K fertilizers.

The study concludes that although the area has
short planting season, from the soil aspect, there is no
serious problem arised on the development of food
crops. However, the optimum land use for food crop
development can be reached by planting rice twice a
year in the flat area and rice plus secondary crops in
the undulating area, and cattle grazing could be done
with handle,

The common practice of the local people during
planting season is growing food crops once a year,
Immediately after harvest people let cattle (buftalo,
cow, and horse) grazing freely in the agricultural Tand.
Cattle grazing is part of the local people life style that
forms their culture and therefore is not easy to
change. Average ownership of animal per person is 4-
7 for buffalos, 3-3 for cows, and 2-3 for horse, but
some people may have more than 100 cattle (Sudharto
ef af,, 1995). Uncontrolled grazing causes farmers do
not have opportunity to practice the second planting,
although the seil is  still moist and water s
continuously available from the spring. To maximize
the use of land for food crops, planting twice a year
should be adopted and good management practices,

such as balanced fertilizer, weed control, expansion of

‘the use of spring water for irrigation must be
practiced. Nevertheless, such agriculture practices

BH Prasetve et al

and success of food crop development in Pameti-
karata can not be implemented as long as grazing
system can not be controlled. Therefore, the
alternative solutions for the success of food crop
development in the Pametikarata include contralled
grazing and agricultural system.

Controlled grazing

Dring the planting season, the comman praclice is
caitle graze and stall within special nonagriculiural
areas called community owned barns. To have
second planting season, the existence of cattle
within the community barns should be extended until
the end of the second harvest. Despite that, special
erazing area should be created and prepared during
the time when crops are grown in the field, Area
recommended for this purpose is the land between
Wundut village and Maharang river stretching to the
northeast direction (Fig. 3).

Agricultural system

At the moment, abundant spring water is only used
for limited irrigation particularly in the depression
area. To maximize the utilization of the spring water,
drainage ditches must be constructed o cover as
large irrigation area as possible. By implementing this
methods, two-time planting a vear can be adopted. To
protect the crops, if necessary fence surrounding
itrigated rice field can be built. The rainfed part of the
{lat area is used once a vear with a cropping pattern
consisting of one time rainfed rice followed by
secondary crops. The rainfed portion in the un-
dulating area remains planted customarily with
secondary crops among other mairze, groundnut,
cassava and/or sovhean.

CONCLUSION

Soils in the flat area of Pametikarata are dominated by
vertisols (Typic Endoaquerts and Udic Haplusterts)
and Inceptisols (Vertic Ustropepts). These soils are
acid 1o neutral in reaction, high potential but Tow in
available T and exchangeable k. Soil texture is
mostly heavy clay dominated by montmorillonite that
shrinks and forms cracks during dry season.

In the undulating area, the soils are dominated by
Ultisols (Ustic Haplohumults) and Maollisels {Typic
Argiustolls and Vertic Argiustolls), These seils
show acid to slightly acid reaction, high potential
but low in available P and exchangeable K. The clay
is dominated by kaolinite with some montmorillonite.
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Soils in both areas are marginally suitable {suit-
ability class: 53 ) for rice and secondary crops. The
limiting factor for rice cultivation is water availability
and for secondary crops is nutrient availability,
rooting condition, and nutrient retention. Following
the FCC, the management constraints for most soils
in the flat and undulating areas are limited topsoil
moisture during dry season (except for Typic Endo-
aguerts), low exchangeable K, low soil acidity, and in
some soil shrink and crack properties during dry
season. '

For the success of food crop development in the
Pamectlikarata area, some alternative solutions are
proposed, i.e., :

I. Controlled grazing by prolonging the time for the
existence of cattle in the community barns until the
end of the second harvest. In addition, special
grazing areca should be created during the time
when crops are grown in the field or during the
period of twice a year planting season.

2. Expansion of irrigated area by construction ol
drainage ditches to maximize the use of spring
water as the source of irrigation. Implementation of
twice planting season a year and improvement of
cultivation technique including the use of new
crop varieties, fertilizer, weed control, and inte-
grated pest and disease management should be
conducted.
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