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Abstract

Sustainable farming is an integral part of sustainable development, a farming system which preserves water
resources, land resources, and plant resources in acceptable and suitable ways economically, socially, and
environmentally. The effects of rapid population growth and increasing natural resources exploitation will not
only lead to increasing deforestation as human needs more areas for farming, but also lead to decreasing quality
in our environmental resources, such as river pollution, erosion and sedimentation. The study aims at examining
the development of sustainable farming in dry land areas of Langge sub-watershed through an agro-ecological
approach. In this present study, land unit was derived from overlaid of geological, geomorphological,
topography, and land-use maps of the area. There were 12 land units found in the study area. In General, the
suitability of land for food crops and vegetables in Langge sub-watershed which is highly suitable (S1) was 58
ha (0.9%). Then, 1,957 ha (33%) of the land belongs to moderately suitable (S2) and marginally suitable (S3)
with oxygen availability, rooting condition, and erosion hazard as the limiting factors. The rest 4,307 ha (68%)
of the land were not suitable (N) with erosion hazard as the limiting factor. The areas which can be optimized for
planting food crops and vegetables are 740.23 ha, consisting of (1) 650.52 ha for food crops and (2) 89.71 for
vegetables. The value of R/C ratio on paddy field, maize, and peanuts was 1.81, 1.16 and 1.29 respectively. For
vegetables, the value of R/C ratio was 1.79; 1,28, 1,33; 1,42 and 1,21 for onion, chili, mungbean, pickpea, and
eggplants. The commodities having highest revenue for food crops category was paddy field as much as
7,163,000 IDR /ha/season, while for vegetables was onion as much as 22,470,000 IDR/ha/season. However,
considering the optimal land area and land suitability, then the commodity having highest potential to develop
and economically feasible are paddy field and maize.

Keyword : Agro-ecology, land suitability, sustainable farming.

1. Introduction

The vision of Indonesian agricultural programs in 2020 is to develop a modern and efficient agriculture
system; one of the characteristics is the optimal and sustainable use of resources, especially the water, soil,
germplasm, human resources, capital, and technology (Kasryono et al., 1997). According to FAO (Kwaschik et
al.,1996), sustainable farming is an integral part of sustainable development, a farming system which preserves
water resources, land resources, and plant resources in acceptable and suitable ways economically, socially, and
environmentally.

Meanwhile, the dynamics of development programs in an area are as the starting point of the process of
land-use conversion. Land use conversion brings both advantages and disadvantages for human beings; the
disadvantages deal with the increase of critical land, pollution, flood, and drought. Therefore, development
programs must be planned carefully in advanced, especially in terms of land use management based on the
ecological, social, and economy of the areas as to avoid environmental degradation

According to Mahmoudi et al., (2010), the effects of rapid population growth and increasing natural
resources exploitation will not only lead to increasing deforestation as human needs more areas for farming, but
also lead to decreasing quality in our environmental resources, such as river pollution, erosion and sedimentation,
which finally will damage dams due to intensive sedimentation. Changes in forest into agricultural land are not
normally accompanied with the use of suitable agro-technology, which finally results in decreasing environment
quality (Sthiannopkao.et al., 2007). In addition, Xiana and Crane (2007), as well as Milesi ef al. (2003), state
similar ideas—that changing forests into agricultural land will cause changes in hydrological condition of
watershed areas, especially on the structures and functions of ecosystem.

Natural resources and environment development programs create such causal relationship in which the
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utility of natural resources and the environment to which they belong are considered an ecological unity. Human
beings in the ecosystem not only act as consumers, but also take a role as active producers. Their wish to
improve their economy and well-being must not be interpreted as an excuse for human beings to damage the
environment and its resources. Thus, natural resources must be managed and used wisely and sustainably, so that
the benefit can be enjoyed optimally in such harmonious and balance ways.

Changes in land cover will affect the existing order of spatial ecological patterns, which finally will lead
into evolution in ecosystem functions (Wang et al., 2006). The effects of land usage and changes in land cover,
especially on environmental resources, and sustainable development have become scientific issues (Potter 1991;
Vorosmarty et al., 2000).

Ibrahim (2008) conducted a study on Bolango watershed in Gorontalo, Indonesia. The results of the study
reveal that based on the calculation of erosion rate prediction on the existing condition of the watershed, using
maximum daily rainfall in five years, the erosion rate was as many as 4,636,448 tons/year in an area of 39,783
hectares, which means that the average erosion rate per hectare 116.54 tons/hectare/year. This erosion rate
belongs to Erosion Rate Class III (very heavy rate of erosion).

“Agropolitan” is one of the priority program of the Government of Gorontalo Province that it focus to
the main crop is maize. This led to the use of land for agriculture especially growing maize. In the year 2009 the
agricultural land in the province of Gorontalo maize is 124,798 ha and in the year 2010 increased to 143,833 ha
(BPS Gorontalo, 2011). The phenomenon of growing crops especially maize farming without conservation
techniques. This leads to land degradation, especially in watershed Bolango in Bone Bolango District.

One of the ways to solve problems related to environment is through the land-use management approach,
which refers to the availability of land through evaluation on land-use suitability in order to gain optimal land
use. With the optimal land use management, it is expected that economic advantages be gained maximally and
environment degradation be decreased to its lowest possible level.

Based on afore-presented information, the study aims at examining the development of sustainable
farming in dry areas of Langge sub-watershed through an agro-ecological approach such as climate, land
suitability, farming feasibility and land optimization.

2. Research Method.
The study was conducted in Langge sub-watershed, in Bolango, Tapa sub-district, Bone Bolango regency,

Gorontalo province, Indonesia, from January 2012 until December 2012. Langge sub-watershed is located
geographically at 0° 34' 40”- 0° 39' 05"  North Latitude and 123° - 03 '59" - 123° 13 '16" East Longitude.

2.1 Research Procedure
2.1.1 Land Mapping Unit

The study started with land unit mapping. The basic map used was the digital topographic map of Indonesia
with a scale of 1:50,000 page 2316-13, 14, 23, 41, 42,43, 44 and 51 from Badan Koordinasi Survei dan Pemetaan
Nasional year 1991; an Indonesian geological map with a scale of 1:250,000 on page about Kotamobagu (2316),
from Pusat Penelitian dan Pengembangan Geologi Bandung, year 1997; and digital contour map of Indonesia from
Shuttle Radar Topography Mission (NASA, 2004), satellite imagery of Econos path /row 112/060, 113/059 and
113/060. Land unit map is a unit of land that is bounded in the field based on the appearance of the landscape (land
scape). Soil map unit arranged to accommodate critical information from an area (polygon) on matters relating to
land surveys. Soil map unit or units of the map consists of a collection of all the delineation of land marked by
symbols, colors, distinctive name or symbol on a map. Delineation of land is an area bounded by a boundary on a
map (Rayes, 2006).

2.1.2 Land Suitability Analysis

Land Suitability analysis was conducted using matching system approach, in which it aims at finding out
the suitability of land qualities/land characteristics with land class criteria arranged based on the requirement on
land-based growing crops. Analysis was conducted in two stages (Sitorus, 2004). The first was assessment on the
requirement of potential growing crops or finding out the characteristics of land and location having negative
effects toward crops. The second stage was identifying and limiting land having characteristics required without
the unwanted characteristics.

According to Djaenuddin et al., (2000), land evaluation is a process of estimating the classes of land-use
suitability which is potential for certain uses, such as farming and non-farming activities. The potential of
farming areas is developed based on physical characteristics and plant growth requirement approaches. Physical
suitability and commodity developed represent information on the level of potential development of the land.
Thus, land uses in commodity development have taken into account the expected input and output factors.
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Van Niekerk (2010) states that land evaluation is an integral part of land-use planning and has been
established as one of the methods in supporting management of sustainable land-use. In short, land evaluation
aims at comparing and matching the uses of potential land with individual characteristics of land, or land units.

Availability of continuous spatial data can bring such great effects on choices of land units for
conservation programs. Suitability of ecological condition to preserve land units as a conservation target
becomes important consideration in evaluating possible conservation areas (Humphries et al., 2010).

For the sake of accuracy and quick evaluation process on land-use suitability, an expert system was
employed, that was Automated Land Evaluation System (ALES) version 4.65d (Rosister and Van Wambeke,
1997). Land-use suitability evaluation was conducted physically and economically by considering the real
situation found on the site. Classification on land-use suitability on this present study only covers two classes
and sub-classes, as to the fact that evaluation was done in details. Land-use suitability on the class level consists
of (1) Class S1 (highly suitable), (2) Class S2 (moderately suitable), (3) Class S3 (marginally suitable), and (4)
Class N (not suitable). Sub-class classification is based on quality and characteristics of land which becomes the
toughest limiting factors.

Criteria on land-use suitability used in the present study were based on the criteria developed by Pusat
Penelitian Tanah dan Agroklimat (Djaenuddin ef al., 2003), as many as 13 factors, namely (1) temperature, (2)
rainfall, (3) drainage, (4) texture, (5) coarse material, (6) soil depth, (7) clay CEC, (8) alkalinity, (9) pH (H,0),
(10) organic C, (11) slope, (12) erosion, and (13) surface stoniness.

2.1.3. Land Optimalization

Linear Programming (LP) method is used in modeling of land optimization for food crops and vegetables,
which should be optimized in land as wide as regulated in land-use suitability of S1, S2, and S3 classes.

Linear Programming (LP) is a mathematical technique used in allocating the areas of limited land used
for planting food crops and vegetables among the competing factors (oxygen availability and has no meaning on
S1, hazard erosion on S2, and hazard erosion on S3) in order to maximize objective function (areas for food
crops and vegetables). The common model representing LP is as follows (Thie and Keough, 2010):

Maximize: G= X1, CX

Subjectto : Z?:l aX; = b;i=1,2,...,m

AV

and X; =20

in which: G is objective function or the function to be maximized (areas for food crops and vegetables); x;
refers to activities or decision variables, that is food crops (maize, paddy field, and peanuts) and vegetables
(onion, chili, mungbean, pickpea, and eggplant); c; refers to contribution of activity number j on objective
function (existing areas of food crops and vegetables); a;; is the average value (areas of oxygen availability and
has no meaning on S1, hazard erosion on S2, and hazard erosion on S3) of limiting factors or requirements
number b; by an activity unit number j; and b; refers to resources or requirements.

The equation of limiting factors and non-negative condition having to be fulfilled in order to optimize land use

can be illustrated as follows:

Optimization: G= ¢;X;+ ... +¢iXit ... +CXy

Limiting factors:
>

anXit ... T agxt ... tagX, =b

ai X+ ... axt L T apX, =b;

A X1t ... FamiXit ... FamX, =by

and x; =0 <

In which G is objective function; x;refers to alternating activities; b;refers to limiting factors: requirements (>),
restriction (<), equation (=); a; refers to addition for (<0) or substraction from (>0) b; from an x;unit; ¢; refers to
addition for (>0) or substraction from (<0) z from an x; unit; and the first m line under the objective function (z)
and the first n colum show conventional LP matrices.

2.1.4. Analysis on Farming Feasibility
The analysis on dry land farming feasibility on Langge sub-watershed was focused on three variables
namely production, acceptance, and cost and revenue. Production is the results of farming activities, while net
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revenue is total revenue minus total cost written by using the following formula PU = TR — TC, in which TR =
total revenue, and TC = total cost.

The analysis on determining the feasibility of farming activities can be done using, as an example, R/C
Ratio.

In which RC = Return Cost, TR = Total Revenue, and TC = Total Cost.

When the value of R/C Ratio > 1, farming activities or technology implementation is feasible to conduct;
however, when the value of R/C < 1, farming activities or technology implementation is not feasible to conduct
(Sockartawi, 1994)

3. Result and Discussion
3.1 Climate

Climate represents average rainfall, temperature, humidity, wind, sunlight intensity, and other factors
determining climate. As such, to describe a climate of an area comprehensively and accurately, data on climate
factors must be available and complete (Asdak, 2007). However, the data from the climate station are not
complete due to its capability in providing data; thus, data on other climate factors such as average temperature
needed in classifying land-use suitability and land classes were gained by considering an elevation aspect only.
In general, an increase in elevation as much as 100 meters will cause a decrease in temperature as much as
0,55°C (Arsyad, 2010).

Data on monthly rainfall were used in calculating rainfall erosivity index in determining the level of
erosion. Data on rainfall used in the analyses involved data on monthly rainfall rate from year 2001 until 2010 in
Boidu station which includes Langge sub-watershed (Table 1).

The relationship of the data on monthly rainfall with annual rainfall in the study site is the fact that the
site under study has rainfall rate of less than 100 mm during the dry season which happens in July, August, and
September. After September, the rainfall rate increases to reach its peak in November.

Based on Oldeman climate classification, it can be seen that the climate in Langge sub-watershed falls to
C2 type, whereas based on Schimd-Ferguson classification, the climate in Langge sub-watershed falls to C type.
Based on the rainfall data, it can be concluded that the site has rather wet climate with planting probability as
long as 9 months (Schimd-Ferguson, 1951; Oldeman, 1975).

Table 1. Monthly Rainfall (mm) in 2001 — 2010 in Boidu Station, Tapa Sub-District, Gorontalo

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2001 288,0 221,0 48,0 164,0 152,0 191,0 42,0 27,0 121,0 50,0 187,0 91,0
2002 165,0 26,0 197,0 105,0 187,0 121,0 - - 3,0 54,0 103,0 86,5
2003 161,0 99,0 119,0 203,0 157,0 33,0 121,0 49,0 34,0 36,0 216,0 160,0
2004 174,0 109,0 114,0 67,0 141,0 9,0 92,0 - 6,0 61,0 128,0 114,0
2005 12,0 138,0 208,0 126,0 97,0 129,0 48,0 22,0 6,0 116,0 102,0 155,0
2006 113,0 143,0 136,0 178,0 140,0 250,0 24,0 - 59,0 5,0 145,0 171,0
2007 120,0 176,0 45,0 178,0 78,0 294,0 142,0 112,0 123,0 27,0 157,0 350,0
2008 108,0 97,0 360,0 144,0 48,0 165,0 130,5 102,0 94,5 323,0 198,5 116,0
2009 139,5 64,5 149,0 246,5 137,0 33,0 200,0 39,0 35 161,6 409,5 196,0
2010 122,6 45,6 71,6 105,0 163,6 179,0 198,8 173,1 2553 167,6 120,0 2453
Total 1.403,1 1.119,1 1.447,6 1.516,5 1.300,6 1.404,0 998,3 524,1 7053 1.001,2 1.766,0 1.684,8
Average 140,3 111,9 1448 151,7 130,1 140,4 99,8 52,4 70,5 100,1 176,6 168,5

The Climate, in this case is the even rainfall distribution throughout the year, has also become one of the
factors causing instability of hydrology between dry season and rainy season. With the average 3 to 4 dry months
(Oldeman, 1975), drought in dry season is unavoidable. Drought in Langge sub-watershed seems to have
increased in these recent years, indicated by the difficulty faced by the residents in getting water for irrigation
and domestic needs.

3.2. Land Unit
A unit of land is an area, based on some characteristics, different from its surrounding areas, and can be
assumed to have homogenous land characteristics (such as climate, soil, and land cover). Components of land
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(elements of land shape is also called as units of areas or segments of surface land) are frequently used as a land
unit, especially because the border of environment condition (Van Niekerk, 2010).

In this present study, land unit was derived from overlaid of geological, geomorphological, topography,
and land-use maps of the area. There were 12 land units found in the study area which presented in Table 2, and
presented as maps on Figure 1. The numbering on land units was based on areas, type of soils, soil depth, texture,
cation exchanged value, pH and organic maters.

Table 2. Land units and their physical-chemical properties in Langge sub-watershed, Gorontalo

No . Effective Soil ~ Soil Texture Cation Exchange pH ¢ . Area
Land Soil Orders depth (cm)  Classes Capacity (cmolkg)  (H,0)  OW8MC g
Unit (% C)

1. Inceptisol 46 Clay loam 16.08 6.0 0.84 7
2. Entisol and inceptisol 55 Loam 11,45 6.1 1.01 109
3. Inceptisol and alfisol 60 Sandy loam 2,97 5.6 0.50 281
4. Inceptisol 35 Silty clay loam 21.09 6.1 0.72 51
5. Alfisol and inceptisol 55 Sandy loan 3.38 5.8 0.44 100
6 Alfisol and mollisol 73 Sandy loam 9.27 5.9 0.87 117
7. Inceptisol, alfisol and entisol 68 Clay loam 9.71 6.0 1.42 228
8. Inceptisol, alfisol and entisol 62 Clay loam 8.97 6.2 2.01 1.539
9. Inceptisol and alfisol 65 Sandy loan 6.77 6.0 1.29 1.818
10. Alfisol and inceptisol 74 Sandy loam 10.34 6.0 1.13 1.241
11. Alfisol and inceptisol 80 Sandy clay loam 13.35 6.0 1.53 109
12. Mollisol 100 Sandy loam 6.25 6.2 0.91 722

Total 6.322

Souce : field research 2012, Bone Bolango agroecological zone 2006.

Land in the study area formed from different parent material, which comes from lake sediments
(alluvium and colluvium), volcanic and sedimentary rock material. Soils formed from these materials are
classified according to Soil Taxonomy system (Soil Survey Staff, 2006) into several orders, namely Entisols,
Inceptisols, Alfisols and Mollisols.

Entisol is land that is still very young in the beginning of the new level of development. Entisols area
identified is 128.7 ha (4%). Inceptisol is a young land, but more developed than Entisol. This land has not been
developed, so that most of the land is quite fertile. Incptisol area identified is 2356.9 ha (47%). An Alfisol soils
are clay accumulation in the lower horizon (argillic horizon) and has a high base saturation of more than 35% at
a depth of 180 cm from the soil surface. Alfisol area identified is 1,750,9 ha (35%). Molisoll is a land with a
thick epipedon more than 18 cm of black (dark), organic matter content of more than 1%, base saturation of
more than 50%. Aggregation breeding ground, so the ground is not hard when dry. Molllisol area identified is
751, ha (15%).
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Figure 1. Spatial Distribution of Land Unit, Land Use and Slope in Langge Sub-watershed, Bolango
Watershed. Gorontalo

Figure 1 shows that the land use in the sub-watershed Langge consisting of upland rice by 7 ha (12,11%),

cultivated dryland 550 ha (8.70%), shrub 921 ha (0.29%), mixed gardens 700 ha (11:07%) and secondary forest
4,144 ha (64.22%)

3.3. Land Suitability

The results of land evaluation, which was conducted by matching and comparing land qualities/land
characteristics with class suitability, are arranged based on requirements of plant growth or plant suitability. The
evaluation results were then overlaid using the existing land-use maps and resulted in land class suitability. Land
class suitability for Food crops and Vegetables are presented in Table 3.

For plants to grow, to have high rate of productivity, and to produce high quality products, plants need to
be grown in suitable environment (Amien 1994; Amien et al., 1994; Subagio ef al., 1995). Choices of plants to

be grown in certain areas must be based on analyses on slope, texture of soil, acidity, and temperature (Amien
1997).

Table 3 shows the suitability of land for food crops and vegetables in Langge sub-watershed which is
highly suitable (S1) was 58 ha (0.9%), without limiting factors. Then, 1,957 ha (33%) of the land belongs to
moderately suitable (S2) and marginally suitable (S3) with oxygen availability (oa), rooting condition (rc), and

erosion hazard (eh) as the limiting factors. The rest 4,307 ha (68%) of the land belongs to not suitable (N) class
with erosion hazard as the limiting factor as well as the land position as secondary forest.
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Table 3. Land Suitability Classes in Langge sub-watershed, Bolango watershed. Gorontalo
No Land Unit ¢ Food Crops Vegetable
(ha)  Maize Paddy field Peanuts Onion Chili Mungbean Pickpea Eggplant

1 7 S1 S1 S1 S1 S1 S20a S3,rc S3,rc

2 109 S2,0a S2,0a S2,0a S2,0a S2,0a S2,0a S2,0a S2,0a

3 281 S3,rc S3,rc S3,rc S3,rc  S3,rc S3,rc S3,rc S3,rc

4 51 S1 S1 S2,rc S2,0a S2,0a S2,0a S2,0a S2,0a

5 100  S3,rc S3,rc S3,rc S3,rc S3,rc S3,rc S3,rc S3,rc

6 117 S2,eh S3, eh S2, eh S3,eh  S3,eh  S3,eh S3,eh S3,eh

7 228 N,eh N,eh N,eh N,eh Neh N eh N eh N eh

8 1,539 N,eh N,eh N,eh Neh Neh Neh Neh Neh

9 1,818 N,eh N,eh N,eh Neh Neh N eh N eh N eh

S3, S3,

10 1,241 S3, eh/rc  S3, eh/rc S3,eh/rc eh/rc  eh/rc S3,eh/rc S3,eh/rc  S3,eh/rc

11 109 S3,eh S3,eh S3.,eh S3,eh S3,eh S3,eh S3,eh S3,eh

12 722 N,eh N.,eh N,eh N,eh N,eh N,eh N,eh N,eh

Note : Limiting factor: erosion hazard (eh), oxygen availbility (oa), rooting condition (rc)
Source : field research 2012, modified from Bone Bolango agroecological zone 2006.
3.4. Land Optimization

In this recent study, the bases used in determining equations for Linear Programming in forms of
mathematical models of land optimization for food crops and vegetables are finding out the land area for the land
category without limiting factors (S1/highly suitable), land area for erosion hazard (S2/moderately suitable), land
area for erosion hazard (S3/marginally suitable), and land area with rooting condition as the limiting factor
(S3/marginally suitable).

For the sake of optimalization on areas of land for vegetables, data on land uses suitability and oxygen
availability (moderately suitable/S2), erosion hazard (marginally suitable/S3), and rooting condition (marginally
suitable/S3) for food coprs are presented in Table 4.

Table 4. The Width of Land Areas for Food Crops at Different Limiting Factors

Suitable land (ha)

Land suitability classes ~ Limiting Factors Maize Paddy Field Peanuts
S2 Erosion hazard 226 0 168
S3 Erosion hazard 109 109 109
S3 Rooting condition 381 381 381

Note : S2= moderatelly suitable; S3= marginally suitable

Based on land class suitability for food crops (Table 3), the area of land without any limiting factors is 58
ha for maize, another 58 ha for paddy field, and 7 ha for peanuts. Thus, the total area which belongs to highly
suitable class (S1), moderately suitable (S2), and marginally suitable (S3) was 2,015 ha. Optimization is done by
maximizing the objective function can be illustrated as follows:

Maximizing Gl = 58)(1 + 58)(2 + 7x3
Constraint function (C) can be illustrated as a mathematical function as follows:
1. 2265+ 168x3<2.015
2. 109x; +109x, + 1093 <2.015
3. 381y, +381x, +381x; <2.015
4. XlEO.XZEO.X}EO
The results of optimization analyses using Linear Programming are presented in Table 5.
Table 5. Optimal Area of Land for Food crops.

Variable Areas Used for Food crops (ha) Optimal Land
Maize (X1) Paddy Field (X2) Peanuts (X3) Area
The Area of Land for food crops (G1) 306.75 306.75 37.02 650.52

Table 8 shows the optimal area of land—which can be used for planting food crops based on limiting
factors or constraints of erosion hazard on marginally suitable/S2 class, of erosion hazard on marginally
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suitable/S3 class, and of rooting condition on marginally suitable/S2 class—was as wide as 650.52 ha, in which
(1) 306.75 ha is for maize, (2) 306.75 ha for paddy field, and (3) 37.02 ha for peanuts. Distribution on optimal
land area is presented in Table 6.

Table 6. Optimal Land Area Distribution in Langge sub-watershed, Gorontalo

Comodities Land No Area (ha) Limiting Factor
Suitability LU Potential Optimal
Maize S1 1 7 7
4 51 51
S3 3 281 281 rooting condition (rc)
5 100 25.75 rooting condition (rc)
Paddy S1 1 7 7
Field 4 51 51
S3 3 281 281 rooting condition (rc)
5 100 25,75 rooting condition (rc)
Peanuts S1 1 7 7
S3 3 281 37.02 rooting condition (rc)

Note: S1 = highly suitable, S3 = marginally suitable

For the sake of optimalization on areas of land for vegetables, data on land uses suitability and oxygen
availability (moderately suitable/S2), erosion hazard (marginally suitable/S3), and rooting condition (marginally
suitable/S3) for vegetables are presented in Table 7.

Table 7. The Land Areas for Vegetables at Different Limiting Factors

S Suitable Land (ha)
Land Suitability classes L X . -
Limiting Factors Onion Chili Mungbean Pickpea Eggplant
S2 Oxygen availability 160 160 167 160 160
S3 Erosion hazard 226 226 226 226 226
S3 Rooting condition 381 381 381 388 388

Note: S2 = moderately suitable, S3 = marginally suitable

Based on land class suitability for vegetable (Table 4), the areas for vegetables under highly suitable class
(S1) without the limiting factor identified as wide s 7 ha for onion, 7 ha for chili. The areas for vegetables under
highly suitable class (S1), moderately suitable class (S2), and marginally suitable class (S3) was 2,015 ha.

Optimization is done by maximizing the objective function can be illustrated as follows:
Maximizing Gl = 7y + 7xy + 0x3 +0x4 + Oxs
Constraint function (C) can be illustrated as a mathematical function as follows:
1. 160x; + 160y, + 167x; + 160x4 + 160xs <2.015
2. 226x; +226x, +226x3 +226x4 + 2265 <2.015
3. 381x; +381x, +381x; +388x, +388xs <2.015
4. x120.x20.x320.x4>0.x5=0
The results of optimization analyses using Linear Programming are presented in Table 8.

Table 8. Optimal Area of Land for Vegetables.

Areas Used for Vegetables Optimal
Variable . » Mung  Pickpea  Eggplants ~ Land Arca
Onion (X1)  Chili (X2) Bean (X3) (X4 (X5) (ha)
The Area of Land for 37.02 3702 529 519 5.19 89.71

Vegetables (G1)

Table 8 shows the optimal area of land—which can be used for planting vegetables based on limiting
factors or constraints of oxygen availability on moderately suitable/S2 class, of erosion hazard on marginally
suitable/S3 class, and of rooting condition on marginally suitable/S3 class—was as wide as 89.71 ha, in which (1)
37.02 ha for onion, (2) 37.02 ha for chili, (3) 5.29 ha for mung bean, (4) 5.19 ha for pickpea, and (5) 5.19 ha for
eggplants. Distribution on optimal land area is presented in Table 9.

Table 9 shows that optimal land area that can be used based on land evaluation results for vegetables was
89.71 ha, distributed on land units 1, 3, and 4. Other than the physical factors of the land, this condition is also
supported by the results of chemical analysis on samples of soil taken from three different locations (Table 2)
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Table 9. Optimal Land Area Distribution for Vegetables in Langge sub-watershed, Gorontalo.
Land No Area (ha)

Comodities Suitabilitty LU Potensial Optimal Limiting Factor
Onion S1 1 7 7

S3 3 281 37.02 rooting condition (rc)
Chili S1 1 7 7

S3 3 281 37.02 rooting condition (rc)
Mungbean S3 3 281 5.29 rooting condition (rc)
Pickpea S3 3 281 5.19 rooting condition (rc)
Eggplan S3 3 281 5.19 rooting condition (rc)

Note: S1 = highly suitable, S3 = marginally suitable

Sun and Wu (2011) use Linear Programming to optimize land-use in Qinghe, China. The Linear
Programming model is used in choosing alternatives of land-use and analysis of hierarchical processes (AHP) to
gain the best decision. The results shows that the ratio of farming areas, gardens, and forest can be developed
until 2020 which can gives maximum contribution to economy, ecology, and social feasibility of the land uses
and the sustainable development of the land uses themselves.

3.5. Analysis on Farming Feasibility

To optimize land uses in Langge sub-watershed, analysis on farm and farming feasibility needs to be done
in order to support crop diversification and rotation. The results of farming feasibility analyses (can be seen in
Table 13 and 14) are important in the development of farming activities based on land suitability.

Analysis on farming feasibility is done through profit analysis shown by the value of R/C ratio (Table 10
and Table 11. The value of R/C ratio on paddy field, maize, and peanuts was 1.81, 1.16 and 1.29 respectively.
For vegetables, the value of R/C ratio was 1.79; 1.28, 1.33; 1.42 and 1.21 for onion, red chili, mung bean, long
bean, and eggplants.

Table 10. Analysis on Farming Feasibility in Langge sub-watershed.

Production Matters Food crops (in thousand)

Paddy field Maize Peanuts
I. Production Costs (IDR/ha) 1,245 1,820 1,264
Seed, Fertilizer, Insecticide, Fungiside
II. Labor Costs (IDR/ha) 2,708 2,800 2,470
Tillage, Planting, Ferilization, Weeding,
pest control and harves
Total Cost ( I+ II ) (IDR/ha) 3,952 4,620 3,734
Net production (kg/ha) 45 5 1
Product value (IDR/ha) 11,115 10,000 8,550
Unit price (IDR/kg) 2.47 2.0 8.55
Revenue (IDR/ha) 7,163 5,380 4,817
R/C ratio 1.81 1.16 1.29

Table 11. Analysis on Farming Feasibility in Langge sub-watershed

Vegetables (in thousand)

Production Matters Pickpea Onion Chili Eggplants Mungbean

L.Production Costs (IDR/ha) 7,134 14,030 22,300 2,460 1,433

Seed, Fertilizer, Insecticide, Fungiside

I1. Labor Costs (IDR/ha) 1,860 3,500 7,750 3,750 3,450
Tillage, Planting, Ferilization, Weeding,
pest control and harves

Total Cost (I + II') (IDR/ha) 8,994 17,530 30,050 6,210 4,833
Net production (kg/ha) 20.900# 5 7 10 0.8
Unit price (IDR/kg) 1.2 8.0 10.0 1.5 13.5
Product value (IDR/ha) 25,000 40,000 70,000 15,000 10,800
Revenue (IDR/ha) 16,086 22,470 39,950 8,790 5,918
R/C ratio 1.79 1.28 1.33 1.42 1.21
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Note : Survey Data, # bundling unit

The commodity having highest revenue for food crops category was paddy field as much as IDR
7,163,000 /ha/season, while for vegetables the commodity having the highest revenue was onion as much as IDR
22,470,000/ha/season. However, considering the optimal land area and land suitability, then the commodity
having highest potential to develop and economically feasible is maize, having optimal land area of 276.47
ha/season with revenue of IDR 5,380,000/ha, and mung bean, having optimal land area of 271.71 ha/season with
revenue of IDR 5,918,000.-/ha/season.

4. CONCLUSION

The suitability of land for food crops and vegetables in Langge sub-watershed which is highly suitable
(S1) was 58 ha (0.9%) without limiting factors. Then, 1,957 ha (33%) of the land belongs to S2 and S3 with
oxygen availability, rooting condition, and erosion hazard as the limiting factors. The rest 4,307 ha (68%) of the
land belongs to N class with erosion hazard as the limiting factor as well as the land position as secondary forest.

The areas which can be optimized for planting food crops and vegetables are 740.23 ha, consisting of (1)
650.52 ha for food crops (306.75 ha for maize, 306.75 ha for paddy field, 37.02 ha for peanuts), and (2) 89.71 ha
for vegetables (37.02 ha for onion, 37.03 ha for chili, 5.29 ha for mung bean, 5.19 ha for pickpea, and 5.19 ha for

eggplants).

Analysis on farming feasibility is done through profit analysis shown by the value of R/C ratio. The value
of R/C ratio on paddy field, maize, and peanuts was 1.81, 1.16 and 1.29 respectively. For vegetables, the value of
R/C ratio was 1.79; 1.28, 1.33; 1.42 and 1.21 for onion, red chili, mung bean, long bean, and eggplants. The
commodity having highest revenue for food crops category was paddy field as much as 7,163,000 IDR/ha/season,
while for vegetables the commodity having the highest revenue was onion as much as 22,470,000 IDR/ha/season.
However, considering the optimal land area and land suitability, then the commodity having highest potential to
develop and economically feasible is maize, having optimal land area of 306.75 ha with revenue of 5,380,000
IDR/ha/season, and paddy field, having optimal land area of 306.75 ha with revenue of 7.163.000
IDR/ha/season.
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