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ABSTRACT: The spatial data on land suitability for numerous types of economic fruit strongly encourages the
strategies for reducing rubber plantation areas and land-use planning in northeastern Thailand. The objective of this
study is to evaluate land suitability for economic fruit, namely the Eastern economic fruit trees (Durian, Mangosteen,
Long Kong, Rambutan), Litchi, Tangerine, and Aromatic Coconut using geo-informatics technology and to define the
alternatives of potential areas for economic fruits to replace the rubber plantation with respect to socio-economic
and environmental concerns. The study area, comprising Bueng Kan and Nakhon Phanom provinces, is located in
the upper northeastern part of Thailand and covers an area of about 9800 sq. km. Land suitability evaluation is
based on the FAO guidelines to establish multiplication models obtained by integrating the land quality that each
economic fruit tree requires. The land qualities for economic fruit trees are water availability, soil properties, and
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topography. Then combine land-use alternatives from the integration of high and moderate suitable areas for
planting each type of economic fruit and formulate alternative plans for rubber farmers. The results showed a map
of land suitability for four different types of economic fruit and land-use zoning for economic fruit into seven zones.
Bueng Kan and Nakhon Phanom provinces have a total rubber plantation area of 2,427.34 sqg. km. These figures
represent 2.72, 21.16, and 1.49 percent of rubber planting areas aged < 5 years, 5-20 years, and > 20 years,
respectively. Land use alternative for planting economic fruit trees is efficient for the farmer's decision-making
process in their rubber plantation areas near a felling age of > 20 years, which found that production of all 4 types
of economic fruit trees is economically feasible.

Keywords: land use planning; land suitability; economic fruit trees
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Figure 1 The study area included Bueng Kan and Nakhon Phanom provinces in the Northeast of Thailand (Left). The solid
green dots represent the economic fruits sample data used for cost-benefit analysis derived from field surveys.
The solid red dots represent the rubber tree plantations sample data used for validation derived from field

surveys. Soil series map in Bueng Kan and Nakhon Phanom provinces (Right).
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Figure 2 The flowchart of this study which consist of the land suitability model for four type of economic fruit trees and

economic fruit trees zoning for supporting land use alternatives of rubber farmer applied by using GIS analysis
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ugwi e (Table 4)

an12zn1sndaEnvessN (Rooting conditions)

[ == a

AUNNNAUAN1IEN1INESEnVeITIn AaTeiandadeitadesuaudniu Fanannnmsdanistuteyayasiu

q

a

deulvssedoyamaadsesusaudniu nduimunduiudeyaannenimidnuesn (®) Tnsthszduanudniumm
wAmuAAIAZLUUAIMIaL WU 1.0 0.8 0.4 uaz 0.1 dmsuszAuanumizauun Yunans tee uay lduunzan
ﬁww%ulﬁmamit«@ﬁamﬂmi’uaaﬂ (m’%‘au, 19An, @8Ny, Wg) (Table 1) Au3 (Table 2) #LT89%131u (Table 3) way
ugwi e (Table 4)

AnL (Topography)

@mmwﬁﬁuamwﬁuﬁ @) mmﬂmﬁLﬂ5’1zﬁmmé’mﬁuﬁ‘igijﬂaé’ﬂ%ﬁﬂﬁﬁgﬁﬁm@uuaxmmmm%’maaﬁ'yuﬁ
Tun193LATIERLUULaURU (Overlay Analysis) mﬂﬁguﬁﬁay‘aﬁlﬁa%ﬁqLﬂumiw Matrix convolution 21AAMNEUNUS
sewhatladeitadefsans wasdmusdezuuenunEanneLdiudvestafeitadugiduguarauaadures
fiuit 10 1.0 0.8 0.4 uay 0.0 AmFuszFUMMINZANINN Uunans tes uas Talmanya Fslsimaiasugiannuiadinim

Aoansiuan nituinmleuiy dwudsivuaaiazsuuuiwiiudmsulduarsueginuia (Table 5)

Table 1 Land use requirement for the Eastern economic fruit trees (Durian, Mangosteen, Long Kong, Rambutan)

Land use requirement for the Eastern economic fruit trees Factor rating!
(Durian, Mangosteen, Long Kong, Rambutan) S1 S2 S3 N
Land quality Diagnostic factor Unit 1.0 0.8 0.4 0.1
2,500-2,800 >3,500
1.Water availability (W) Annual rainfall mm. 2,000-2,500 2,800-3,500
1,500-2,000 <1,500
well, somewhat poor,
2.0xygen availability (O) Soil drainage class moderately well
very well poor very poor
3.Nutrient availability index NAI'=N* P * K* pH - >0.6400 0.1024-0.6399  0.0016-0.1023 < 0.0016
(NAI) Nitrogen (N) % >0.2 0.1-0.2 <0.1 -
Phosphorus (P) ppm >15 6-15 <6 -
Potassium (K) ppm >60 30-60 <30 -
6.6-7.3 7.4-8.0 >8.0
Soil pH (pH) - 5.6-6.5
5.1-5.5 4.5-5.5 <4.5
L, SiL, SL, Si SiC, SCL, SiCL, S, LS, LS G G, SC, AC,
4.Water retention (1) Soil texture” -
CL, SC S
5.Rooting condition (R) Soil depth cm. >150 100-150 50-100 <50
Landform class Matrix of slope gradient and landform
6.Topography (G)
Slope % for Eastern economic fruit trees (Table 5)

/S1 = High suitable, S2 = Moderate suitable, S3 = Marginal suitable, N = Unsuitable
L =Loam, Si=Silt, SiCL=Silty clay loam, SiL=Silty loam, SCL= Sandy clay loam, CL=Clay loam, SL=Sandy loam, C=Clay, LS=Loamy sand, LcS=Loamy coarse sand,
SC=Sandy clay, SiC=Silty clay, S=Sand, G=Gravel soil, SC=Slope complex, AC=Alluvial complex
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Table 2 Land use requirement for Litchi

Factor rating!

Land use requirement for Litchi

S1 S2 S3 N
Land quality Diagnostic factor Unit 1.0 0.8 0.4 0.1
1,800-2,000 >2,000
1.Water availability (W) Annual rainfall mm. 1,400-1,800 1,000-1,300
1,200-1,400 <1,000
well, moderately somewhat poor,
2.0xygen availability (O) Soil drainage class
very well well poor very poor
3.Nutrient availability index NAI =N * P * K* pH - >0.6400 0.1024-0.6399 0.0016-0.1023 < 0.0016
(NAI) Nitrogen (N) % >0.2 0.1-0.2 <0.1 -
Phosphorus (P) ppm >15 6-15 <6 -
Potassium (K) ppm >60 30-60 <30 -
7.4-7.8 7.8-8.4 >8.4
Soil pH (pH) - 6.1-7.3
5.6-6.0 4.5-5.5 <4.5
L, SiL, SL, Si SiC, SCL, SiCL, S, LS, LeS G G, SC,
4.Water retention (1) Soil texture” -
CL, SC AC, S
5.Rooting condition (R) Soil depth cm. >150 100-1500 50-100 <50
Landform class Matrix of slope gradient and landform
6.Topography (G)
Slope % for Litchi (Table 5)

S1 = High suitable, S2 = Moderate suitable, $3 = Marginal suitable, N = Unsuitable
L =Loam, Si=Silt, SiCL=Silty clay loam, SiL=Silty loam, SCL= Sandy clay loam, CL=Clay loam, SL=Sandy loam, C=Clay, LS=Loamy sand, LcS=Loamy coarse sand,
SC=Sandy clay, SiC=Silty clay, S=Sand, G=Gravel soil, SC=Slope complex, AC=Alluvial complex

Table 3 Land use requirement for Tangerine

Factor rating!

Land use requirement for Tangerine

S1 S2 S3 N
Land quality Diagnostic factor Unit 1.0 0.8 0.4 0.1
2000-2500 2500-3000 >3000
1.Water availability (W) Annual rainfall mm. 1500-2000
1200-1500 1100-1200 <1100
well, somewhat poor,
2.0xygen availability (O) Soil drainage class moderately well
very well poor very poor
3.Nutrient availability index (NA)NAI = N * P * K* pH - >0.6400 0.1024-0.6399  0.0016-0.1023 < 0.0016
Nitrogen (N) % >0.2 0.2-0.1 <0.1 -
Phosphorus (P) ppm >15 6-15 <6 -
Potassium (K) ppm >60 30-60 <30 -
6.6-7.8 7.9-8.4 >8.4
Soil pH (pH) - 5.6-6.5
5.1-5.5 4.5-5.0 <4.5
SL, SiL, L, SiCL, G, G, SC,
4.Water retention (1) Soil texture? - SCL, LS, LcS SG, S, SiC
CL, Si AC, S
5.Rooting condition (R) Soil depth cm. >150 100-150 50-100 <50
Landform class Matrix of slope gradient and landform
6.Topography (G)
Slope % for Tangerine (Table 5)

Vs = High suitable, S2 = Moderate suitable, S3 = Marginal suitable, N = Unsuitable
L =Loam, Si=Silt, SiCL=Silty clay loam, SiL=Silty loam, SCL= Sandy clay loam, CL=Clay loam, SL=Sandy loam, C=Clay, LS=Loamy sand, LcS=Loamy coarse sand,
SC=Sandy clay, SiC=Silty clay, S=Sand, G=Gravel soil, SC=Slope complex, AC=Alluvial complex
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Table 4 Land use requirement for Aromatic coconut

Factor rating!

Land use requirement for Aromatic coconut

S1 S2 S3 N
Land quality Diagnostic factor Unit 1.0 0.8 0.4 0.1
3000-5000 >5000
1.Water availability (W) Annual rainfall mm. 2000-3000 1000-1200
1200-2000 <1000
well, somewhat poor,
2.0xygen availability (O) Soil drainage class moderately well
very well poor very poor
3.Nutrient availability index (NAI)  NAI = N * P * K * pH - >0.6400 0.1024-0.6399  0.0016-0.1023  <0.0016
Nitrogen (N) % >0.2 0.2-0.1 <0.1 -
Phosphorus (P) ppm >10 3-10 <3 -
Potassium (K) ppm >60 30-60 <30 -
7.4-7.8 7.9-8.4 >8.4
Soil pH (pH) - 5.6-7.3
5.1-55 4.0-5.0 <4.0
SiC, SiCL,CL, SiL, SL, L, SCL, G G, SC,
4.Water retention (1) Soil texture” - S
SC SL, LS, LcS AC, S
5.Rooting condition (R) Soil depth cm. >150 100-150 50-100 <50
Landform class Matrix of slope gradient and landform
6.Topography (G)
Slope % ForAromatic coconut (Table 5)

S1 = High suitable, 52 = Moderate suitable, $3 = Marginal suitable, N = Unsuitable
L =Loam, Si=Silt, SiCL=Silty clay loam, SiL=Silty loam, SCL= Sandy clay loam, CL=Clay loam, SL=Sandy loam, C=Clay, LS=Loamy sand, LcS=Loamy coarse sand,
SC=Sandy clay, SiC=Silty clay, S=Sand, G=Gravel soil, SC=Slope complex, AC=Alluvial complex

Table 5 Landform and slope rating for all of type economic fruit trees

Landform
Slope (%) Foot Slope & Mountain &
Flood Plain Low Terrace Middle Terrace  High Terrace
Erosion Surface Rock Outcrop
0-2 N N S1 S1 S1 N
2-5 N S2 S2 S2 S2 N
5-12 N S2 S2 S2 S2 N
12-35 N S3 S3 S3 S3 N
>35 N N N N N N

S1(1.0) = High suitable, S2 (0.8) = Moderate suitable, S3 (0.4) = Marginal suitable, N (0.0) = Unsuitable

3) miﬂizLﬁummmmzammﬁﬁuém%’uﬂgnlﬂwamwgﬁaﬁ'& 4 yilalunnsau

m’mmmzamaaﬁauﬁm%’wqnl:fimaLﬂwgﬁaﬁy’a 4 4ln 119NANWUUTIAOIAGAINATYIANNNTANAINTRY
73 6 Aleazuuudmivlinansvgiausaseinlnenanuilliainaunts Land Suitability asgninandndasainsuunilu
dietmunseiunnumngansn dvsulinaasygians 4 viin sondussduaumuizauinn Uiunan dos way 1

lu1zR (Table 6)
Land Suitability = WxOxNAIxIxRxG

lng#l  Land Suitability = Anumanzauvesiau dmsulanlinairsugiaudazyiin

! a & ¢ H
W = ANAZLLUUAINULNANT T sﬂaﬂﬂmﬂq‘wmﬂu@nqmLUUUi%IEJGU‘UGUENuq
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0 = AAzuuLANIVINEaL YespuamTiRunuulseleviveseendausesiniy
NAI - = AAguuuANUIITINEEL YesnuamiRumudulstlovivessne it
| = AAZLUUANNNZEY maq@mmwﬁaumi%’ﬂmﬁmaLﬁaau

= AAZLULANIVINEEL YesRAMTIRUAN1IE IR EnYesIIN

G = ANAZWUUANINNZEN VBIAMNNARUAN NN

Table 6 Overall suitability for all types of economic fruit trees

Suitability classes W*O*NAI*[*R*GY
High suitable (S1) 0.512-1.00
Moderate suitable(S52) 0.032-0.512
Marginal suitable(S3) 0.000064-0.032
Unsuitable(N) <0.000064

Y\ = Factor rating value for Water availability, O = Factor rating value for Oxygen availability, NAI = Factor rating value for Nutrient availability index, | = Factor

rating value for Water retention, R = Factor rating value for Rooting condition, G = Factor rating value for Topography

3.3 nsmuuawan1slidnaudmivdgnlinaasugia
wunnfianumsnganlussAumngaunuazUunans dmsulinaasugiausassiinzgniandmuawanisidnaudmsu

Ugnldwaiasugia ienaunaiummadennislenfudmsunisugnlinaasugialudmindnivuazuasnuy laevinig

v
U & o !

Aasginuudouriudayannumnzanvesifudmiulgnlinaasugiang 4 vila dutudeyaiuiiviousny JunmnIng
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3) NFIATIAIULATEFANENS
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Uspifiunnuisngauvesiidu wuhiuiidnudnlvgfenumngauuiunan Aadudosar 31.62 nszanesegludmi
uasnuNLeNIING wuidfuingaun Andudosay 7.52 (Table 7) dnlvgnszaiedegludminuaswuy V3
FUNDLIDIUATUL LTUAT SINNUN UKD ASENATIN Wazdtnaumin wazusdiuludinsleidy wilasey wazdnnelwn,
J9indsn 1w (Figure 3)
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wgnrhmeudulinausziduuastivugnuuuensaddumeanars wilulagduldnaeduldunairsugiadnaiiag
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ANIINZALYDINAY NuiTmTauasnunkassnulifuiilusgdumnzunnuazUunans Aadudesay 21.36 way 31.09
AINEIAU (Table 7) Fenseredeglugneuinan laide Westanu e33la uag dnetalvamas Jamdndaniu dune

W UIUUNS ATASATIY VNI LIRYUAT 519U Wag B1naukn Jswdauaswuy (Figure 3)

Table 7 The suitability area for Eastern economic fruit trees (Durian, Mangosteen, Long Kong, Rambutan), Litchi,

Tangerine, and Aromatic coconut in Bueng Kan and Nakhon Phanom province

Eastern economic fruit

Litchi Tangerine Aromatic coconut
Suitability trees
classes Area Percent Area Percent Area Percent Area Percent

(km?) (%) (km?) (%) (km2) (%) (km?) (%)
S1 1,724.75 18.03 723.17 7.56 2,025.23 21.17 2,043.35 21.36
S2 3,203.63 33.50 3,024.48 31.62 2,450.58 25.62 2,973.24 31.09

S3 605.37 6.33 1,786.10 18.67 1,053.23 11.01 517.15 541
N 2,809.83 29.38 2,809.83 29.38 2,814.45 29.43 2,809.83 29.38

F 486.55 5.09 486.55 5.09 486.65 5.09 486.55 5.09

U 335.72 351 335.72 351 335.72 351 335.72 3.51

W 398.46 a.17 398.46 a.17 398.46 4.17 398.46 a.17

39 9,564.31 100.00 9,564.31 100.00 9,564.31 100.00 9,564.31 100.00

/S1 = High suitable, S2 = Moderate suitable, S3 = Marginal suitable, N = Unsuitable, F = Conservation forest, U = Community, W = Water body
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Figure 3 Land suitability map for Eastern economic fruit trees (Durian, Mangosteen, Long Kong, Rambutan), Litchi,

Tangerine, and Aromatic coconut in Bueng Kan and Nakhon Phanom provinces
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Table 8 The area of the land unit in each land-use plan and the potential of the land for economic fruit trees production

Land Area Percent
Land unit description

unit (km?) (%)
1. Highly suitable area for Eastern economic fruit trees, Litchi, Tangerine, and Aromatic coconut 362.34 3.79
Highly suitable zone for economic fruit trees 362.34 3.79

2. Highly suitable area for Eastern economic fruit trees, Tangerine, Aromatic coconut and moderately suitable area for Litchi 1,597.61 16.71
3. Highly suitable area for Eastern economic fruit trees and moderately suitable area for Litchi, Tangerine, Aromatic coconut ~ 78.72 0.82
4. Highly suitable area for Litchi and Moderately suitable area for Eastemn economic fruit trees, Tangerine, Aromatic coconut  13.56 0.14
5. Highly suitable area for Litchi, Aromatic coconut and moderately suitable area for Eastern economic fruit trees, Tangerine  4.09 0.04
6. Highly suitable area for Litchi, Tangerine, Aromatic coconut and moderately suitable areafor Eastern economic fruit trees  273.91 2.86
7. Highly suitable area for Litchi, Tangerine and Moderately suitable area for Eastemn economic fruit trees, Aromatic coconut — 47.36 0.49
8. Highly suitable area for Tangerine, Aromatic coconut and moderately suitable area for Eastemn economic fruit trees, Litchi 145.13 1.52

Association of highly and moderately suitable zone for economic fruit trees 2,160.38 22.59

9. Moderately suitable area for Eastern economic fruit trees, Litchi, Tangerine and Aromatic coconut 1012.67 10.58
10.  Moderately suitable area for Eastern economic fruit trees 95.01 0.99
11.  Moderately suitable area for Eastern economic fruit trees and Aromatic coconut 560.05 5.85
12.  Moderately suitable area for Eastern economic fruit trees and Litchi 79.61 0.83
13. Moderately suitable area for Eastern economic fruit trees, Tangerine and Aromatic coconut 972.07 10.16
14.  Moderately suitable area for Eastern economic fruit trees, Litchi and Aromatic coconut 110.82 1.16
15.  Moderately suitable area for Litchi, Tangerine and Aromatic coconut 268.32 2381
16.  Moderately suitable area Tangerine and Aromatic coconut 10.32 0.11

Moderately suitable zone for economic fruit trees 3,108.86 32.50

17. Unsuitable area for economic fruit trees 2,715.50 28.39
18. Conservation forest area 491.84 514
19. Community area 324.15 3.39
20. Water body area 401.24 4.20

Total 9,564.31  100.00
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Figure 4 Land unit map in each land-use plan and zoning map according to the land potential for economic fruit

trees production in Bueng Kan and Nakhon Phanom provinces
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Figure 5 Stand age of rubber tree plantation map and land use alternatives for economic fruit trees map

in Bueng Kan and Nakhon Phanom provinces

Table 9 Stand age of rubber tree plantation area in Bueng Kan and Nakhon Phanom provinces

Stand age classes of

Area (km?) Percent (%)
rubber plantation (years)
Less than 5 260.41 2.72
5-20 2,024.20 21.16
More than 20 142.73 1.49
Other 7,136.98 74.62
Total area 9,564.31 100.00
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Table 10 The confusion matrix between stand age rubber tree plantation classification and field survey

Classification result Field survey (years) Producer User
(years) Less than 5 5-20 More than 20 Accuracy (%) Accuracy (%)
Less than 5 34 0 0 100.00 100.00
5-20 0 33 3 97.05 91.66
More than 20 0 1 26 89.65 96.29
Total 34 34 29

Kappa coefficient = 0.94
Overall Accuracy (%) = 95.87
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nanwesnsUgnyieuardudoamiludmiadaniwuazunswunieal BCR Auandneiusgraiiulddn (Table 12)
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wanNdamuinnmsugnueninuiven danuduulaeiian BCR g4 6.67 (Table 12)



KHON KAEN AGRICULTURE JOURNAL 50 (5): 1392-1412 (2022)./doi:10.14456/kaj.2022.116. 1409

Table 11 Land use alternatives of economic fruit tree to rubber tree plantation for rubber farmers in Bueng Kan

and Nakhon Phanom province

Land use . o Area Percent
alternatives unit Land unit description (km?) (%)
1 Economic fruit trees zoning for the rubber tree plantations more than 20 years 73.81 3.04
1.1 Highly suitable zone for economic fruit trees 1.18 0.05
1.2 Association of highly and moderately suitable zone for economic fruit trees 31.07 1.28
1.3 Moderately suitable zone for economic fruit trees 41.56 1.71
2 Economic fruit trees zoning for the rubber tree plantations 5-20years 950.83 39.17
2.1 Highly suitable zone for economic fruit trees 47.83 1.97
2.2 Association of highly and moderately suitable zone for economic fruit trees 340.07 14.01
23 Moderately suitable zone for economic fruit trees 562.93 23.19
3 Economic fruit trees zoning for the rubber tree plantations less than 20 years 105.94 4.36
3.1 Highly suitable zone for economic fruit trees 5.34 0.22
32 Association of highly and moderately suitable zone for economic fruit trees 40.22 1.66
33 Moderately suitable zone for economic fruit trees 60.37 2.49
q Rubber tree plantations in unsuitable areas for economic fruit trees 152.22 6.27
5 Rubber tree plantations in conservation forest areas 13.96 0.58
Total area 2,427.34 100.00

Table 12 Benefit cost-ratio (BCR) for economic fruit trees in Bueng Kan and Nakhon Phanom provincein crops year

2019/20
Suitable Yield Gross Total Gross
Economic Farm gate price
Classes (kg./rai) return cost margin BCR
fruit trees (bahtrks.)
(baht/rai) (baht/rai) (baht/rai)
S1 120.00 1,000 120,000 12,483 107,517 8.61
Durian
S2 120.00 850 102,000 27,414 74,586 2.72
Mangosteen S1 45.00 660 29,700 10,774 18,926 1.76
Long Kong S1 30.00 1,000 30,000 13,736 16,264 1.18
S2 25.00 1,300 32,500 10,093 22,407 2.22
Rambutan S2 25.00 1,300 32,500 11,613 20,887 1.80
S1 25.00 1,500 37,500 10,198 27,302 2.68
Litchi S1 50.00 800 40,000 12,378 27,622 2.23
S1 30.00 3,000 90,000 13,488 76,512 5.67
Tangerine
S2 30.00 3,000 90,000 30,634 59,366 1.94

Aromatic Coconut S1 13.00 4,000 52,000 6,780 45,220 6.67
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