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Land Evaluation in GIS for Precision Crop Zoning
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ABSTRACT

Suitable land selection is an extremely important first step for crop cultivation.
The suitable land must fulfill soil requirements such as physical properties, chemical properties,
nutrients in the soil as well as climate requirements of plants. The land suitability can be
assessed by Land Evaluation process. But due to the fact that the factors necessary for the
production of crops have different levels of impact, and also affecting other factors, the Analytical
Hierarchical Processing (AHP) and the Pairwise Comparison Method were developed in conjunction
with geographic information technology (GIS) in this project. Kanchanaburi Province and QOil
Palm were selected as a case study. The potential of the area in oil palm yield production
was compared to that of Southern Thailand. As a result, we were able to produce the
“Oil Palm Yield Prediction Model” of Kanchanaburi Province. Suitable areas for planting oil
palm (P1) that had the potential to yield more than 3 tons/rai/year were mostly scattered
in plains area of Sangkhla, Thong Pha Phum, and Sai Yok districts totaling 606,628 rai.
The moderately suitable areas for planting oil palm (P2) that had the potential to yield between
2.5-3 tons/rai/year, were mostly scattered in the plains area of Sangkhla, Thong Pha Phum

and Sai Yok districts, totaling 564,512 rai

Keywords: multi-factor land evaluation in GIS, crop requirement, degree of limitation to crop

growth, analytical hierarchical processing (AHP), map evaluation
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dusansndeiadn wiaardnduiazysu
Youfiga vilddunusga 33msidaniiud
Fusnzansannanfiziusansorildlag
“mIUszfiudnemuwiity » mumuuzihaes
FAO (1976) uway Sys, (1974) laeniisms
Uszifiudnanmituisnlfidenswanislngas
fnsamn o Tade Adudusensudnfisuos
#ufidu 9 Tag Sys, (1992) uuzirh usias
Hademawandanusde ivhiu dewanseny
sonananialussdud il winfusuudona
N3=NUIIN (Multi-factor combination effect)
wananil Sys et al. (1992) Wimuushiin
8 adeiidvwanssnusensndnuuviiu
2 sz Idun (1) Pedediliansnsoudles
Wasnuulasld @y anadnwthau seeuth
Tomu odu Tasvadvaesiiu mnaadioey
i Fosulngifuiladamemanmwoesiiu
uazlasinanudunsadusiszeediu A
WANTBIAUALE wsnzlaiasnsadsulaagie
079 18 (2) thdpfiasnsoudlo/wisuulas
1% Wy Wy anaduduing anugauauysal
geviu Burdeingluiu 1a+ fiasnsaudlald
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shumstih Welasmssundu Tigeennd

9

Hau auupy

nsdifinen : uianssugiassumAiai MR
wansHanLhaNinTuusiugn 2.MaUY3

ANLHUINUAINAT M IRUAN MW
firushevanetituszoanssumevnegiienans
Wpnswensalnawdnurduintu (Multi-
factor land evaluation in GIS method for
oil palm vyield prediction)” Iﬂﬂﬁ’]"ffﬂgm’lu
Aehdanhiuluiuiiugnaeldindszndly
Nufilgnlva #ildiesugnindanhiuandau
anafegluuuiasswensainandnuau
1Ty (Ol palm yield prediction model) 28
amayaui Taediidmadudiunu 3 duneau

MI¥URAN (Phase) AaLaAsly (Figure 1)

Phase A

#unau A (Phase A) 5IUTINTDYRUIID
thasnhduluufivgnidnnalé
FIWIINTBYARNBULTNUNITANUNN

a

dufudemananhdanhii dun anwgi
pmA Ansuzresiull uazssdudainde
nandmhdnhiu fiuas uazene, (2541),
Dansagoonpon, (2006) Tavimsdnenlunud
2.85173511 (Table 1)
dunouillaldszuuasauimaniy
gfimans (GIS) Tehusiazdnumuziimzi
FufudamInanthdanisiu Tu \Wuussingu
Tumsdangugudayagfiennaidoeiud
(Climatic attribute data) warg1UdBYAYARY
\Fofudt (Soil attribute data) 784 LMWIUYR

i ldasvdunnuigyuuudiassdunim

v
=1

NN ANTDILFATIRTINITHAR [Fsail

Phase B

‘ Conventional Area Research (by Nakon et al 1998, Sutaf 2008) |

Analytical Hierarchical Frocessing for factors weighting
Based on Saafy’s Method (by Sufat 2008)

| Climatic data || Crop Yield

'| Crop Raquirement |

L

Maodify FAO's framework
{Prof Sys framework 1976}

1. Cimatic & Land Characteristics Requirement

2 Degree of Limitation to Crop Production

Phase C

‘ Appling to New Flanting Area |

Climate & Soil Properties
Suit Maps

I

| | Soil Profile Description | ! R S T s A i e B
E i Pairwise comparison mathod i

C
3 2 | I | Step 1 : Development of Pairwise Comparison Matrix | 1
Soil chemical & physical analysis i ! + 1

i |
: i ]

I i | . " 4 Reconsider
] : | | Step 2 : Computation of the factor weights | Revise :
P + I i
i
i [step 3 : Estimation of Consistency Ratio (CR) | i
i + i
; : @ = if >0.1 —.l Inconsistent_judgment I
i H |
e ! =+if <01 'lAc:enTanlefactcrﬁeights | I
| I
Soil & Climate GIS Database (Attribute Data)
I ¥ Multiply ‘ Respective Map VWeight |

| Map Evalustion for Multi-factor |

|

1
|
|
|
|
|
i
!
*+— |post Ground Tuth| | Existing plantation I
|
|
|
|
|
|
|
|

‘ Qil Palm Yield Prediction Model ‘

Figure 1 Multi-factor land evaluation in- GIS method for oil palm yield prediction. (Source :

Dansagoonpon, (2006)
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Table 1 Climatic/Land characteristic requirements and degree of limitation for oil palm

production

Climatic/Land characteristic requirements

Degree of limitation

P1 P2 P3
Yield (Ton/Rai/Year) >3 > 25-3 <25
Soil depth (Cm) >150 <150-100 <100-50
Ground water table depth (Cm) 30-150 15-30, >150-200 <15, >200
Water drainage ** 5-7 4 1-3
Soil texture** 6-12 4-5 1-3, 13-21
Water deficit (mm / Year) <200 200-300 300-400
Slope (%) 0-4 4-12 12-23
Organic Carbon (%) (0-15 Cm Upper Soil) >1.5 1.5-0.8 <0.8

Data Source : FAO 1976, Nakon etal., 1998 , Dansagoonpon, 2006

* P1: Suitable P2: Moderately suitable P3: Non suitable

** Water drainage classes

1: Vlery poorly drained 2: Poorly drained 3: Somewhat poorly drained

4: Moderately well drained 5: Well drained 6: Somewhat excessively drained

7: Excessively drained

*** Soil Texture Types

1 : Sandy Loam 2 : Fine Sandy Loam
5 : Silt Loam 6 : Silt

9 : Silty Clay Loam 10 : Sandy Clay
13 : Heavy Clay 14 : Slightly Gravelly
17 : Stony 18 : Bouldery

21 : Very Bouldery 22

1. FupnumEnzaNTavANNENTAL
A.MIUY3 UsznaufIasumN e van
3 4 (Figure 2a) ¢l P1 (Suitable) 1o
ANMNANWINAL > 150 94. P2 (Moderate)
LWAANNANUTNAL < 150- 100 ¥N. Uay P3
(Non Suitable) lwaRNNRNUTNAY < 100-50 B

2. FuUAMNANIZTNTBVTEAULN IR Au
MU UsznaudIBTANINZEN 3 T

: Very Gravelly Clay

3 : Very fine Sandy Loam 4 : Loam

7 : Sandy Clay Loam 8 : Clay Loam
11 : Silty Clay 12 : Clay
15 : Slightly Stony 16 : Gravelly
19 : Very Gravelly 20 : Very Stony

(Figure 2b) ¢il ( P1) mezﬁuﬁﬂﬁﬁuagﬁn
AN 30-150 . (P2) mezﬁuﬁﬂﬁﬁuagﬁn
NN 15-30 ey >150-200 BH. LWas (P3) Loa
sesunhldfusgdnnii < 15 uay > 200 .

3. FUANINZANTDIMITLL DD
Aiu 2.maaus Usznaufistuamuisnzas
3 %y’u (Figure 2c) oﬁ’\aﬁ (P1) wmn1992u1Y

WPBIAUA (P2) L @ANITILUIUITDIAUA
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Yunany way (P3) wansssneisesiuie
ABUTILAN

4. FUAITNLANIEANTDILE DAY
.MWIUYT U3NOUAIBHUAIN AN S
3 4 (Figure 2d) §il (P1) wadusiumilen
PUwmtsUunTY Wity (P2) wafAudiu (P3)
WARUNTIY NI

5. FUANN NN LANTBIAINAI AT
A.MeIUYI Usznaufeduamuimsnzas 3 44
(Figure 2e) sil (P1) wamNaau 0-4 %
(P2) lwAANNANATU 4-12 % (P3) LIAANN
MATU > 12 %

6. FUAITHN NN AN TDIUTH Y
amayaui (Wuaniisliads 39 1) Uszney
FefuANNINTEN 3 T (Figure 2f) il
(P1) wanuANW > 1,800 /A (P2) 1M
Humniii) >1,600-1,800 1./A) (P3) wanuAn
W1 < 1,600 WAl

7. %ummmmzama\aﬁuw%‘ﬁmq
.MWIUYT U3NOUAIBHUAIN AN Z S

[

3 U UIuWhAY 0-15 By, (Figure 2g)
il (P1) wweBunieing > 1.5 % (P2)

\wRdunaEing < 1.5 - 0.8 % (P3) LwMBUNILInY
<08 %

$umau B (Phase B) msaudallviimin
Hladufisnfusanisnanuhaaningu
Haspiisdudomananiaiusewass
mM3wAn TuansusainaIn uasuiaziladods
wasnntior s Ysznoufummsiivnengy
Hadplaimansausuusla/wdsuudasilade 6
vanguansnsaUsuudla/wasuuasiiadyld

[ '
1 v o ]

AR D LwaLﬂ'ummgnﬁawmmiﬂimﬁu
fnanmdiau Sfudamunmmiminiade
fisnfiu Tnaailedetiadelsiaansousuuila /
Wasuwlavildald Wuseuusn
mamuadidminiadeludunauid
188035015 taLaBW (AHP : Analytical
Hierarchical Processing) findulay Saaty’s,

(1990). NnM3ANPRIFITEWL \HuIEms

Figure 2 Map of ( a ) Soil depth suit ( b ) Ground water table depth suit (c) Water drainage suit

(d) Soil texture suit ( e ) Slope suit (f) Rainfall suit map (g) Soil OC suit
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fiazainmasligeendudou nouland
asvmaingUszavd Fehanyssyndldiuns
Usziudnonwiufindafisveelasenisi
Tohanldlunseuwalissshminiladed
Fuflusiansnanthdutsiu 33msazusnona
abunuANNENNuSsTviladeniviuanilad
wily ludeiifianusdyniviafinnusniiu
NN HaKNARYS eI RTIANNES Y
govfiy LipainvEoanmuaBevnasiide
Tumsbhminiladoiduusnaesdsmsiowsi
Dabsagoonpon and Nitin (2006) Tewmun
uilaindin Taedinnsldasnsunhdnen
WWIau (Pairwise Comparison Method) Sy
ABmsszvimswivuiisuiadudug 9 wuu
fladumileddnindniladonile quasuYng
wuuldandee wawinmsinsee a3eaneu

MNANNEA YD wazliesous 12 3
45 ..... nisnniiu FehlUdssifiuuasmun
Thhwinidevdu uahlamagsumans
TRt (CR : Consistency Ratio) Taaaii
16l Asfien cR shndh 0.10 Svazifumsli
thmintledefiveasuldluemusumasunazey
ANMURNAUD ﬁy’qﬁmﬁfnuazd’ﬂﬁummﬁ’wﬁag
gawn 9 ademsnaniitisades usmnen
CR filégeni 0.10 azspeiinisnalumuman
msldhminEndy Tudunaudinisuwlad
AaNuWSEUl navvhan % quf CR s 0.10
591816 wonanil uay Dabsagoonpon and
Nitin (2006) T&@quiiiudadiunaduinau
(Oil Palm Index) feutlasauazimingay

k%
v

weasdavumuanmMs (1) avil

Oil Palm Index = (SD x 0.35)+(D x 0.35)+(GW x 0.12)+(T x 0.06)+(S x 0.06)+
(WDef x 0.04)+(OC x 0.03) (1)

Where as : GW = Ground water table depth , T = Soil texture , SD = Soil depth S = Slope
D = Water drainage) WDef = Water deficit OC = Organic Carbon

iiv'umau C (Phase C) miﬁﬁagalﬂﬂizqnﬁ
w‘\'ianﬁwzrmszﬁtmzﬁ'muﬂwmﬁuﬁﬂgn’lmi

sumauil Iderdumadiassaumnamg
Qﬁmam% (GIS Technique) ﬁWLqu‘ﬁgﬂLLuu
Havuraziladefiadeiu (Fig 2a-2g) 1N
shumau A Tunedauiu (Superimpose) Tufiin
mumiviinseiu Taoynandnw (Pixel %30
Grid) 98v%)n Digital suit maps %gﬂﬁ’]m@m
PpiIAUMNEIRUANNEIATY (Respective
map weight) (8813 1) Plgnndunoudi 2
(Phase B) iUz dudnanwiinusie wrui
nizmumi‘ﬂ NV Digital suit maps

azgnihlunulmifieaeifuunuisyuuy
apvlndifievunuiiiien (Single suit maps
138 Single image of precision oil palm zone)
(Figure 3)
mMavssdudnenwiinui i lduen
fuANumINEaNAanTUgnduTues
a.maany3 sanidu 3 1 uaziilovniu
989 a.maauys Uszneusmeiladbiisniuse
mMawdnmufit&ahdugaenmanseiumals
oty Semansanennsainandndameans
anddnamwlumsldnananyiiu wazansa
zﬁwLquﬁgﬂLLuuﬁmmwmmniwawﬁmméu
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Land and Climatic Characteristics

Requirement

Map Evaluation in GIS

U Multiplied by Respective Map welgth

Ground Water Depth Suitability Map -==-= >

Soil Texture Suitability Map ----- >

Water Drainange Suitability Map ----- >

Degree of Slope Suitability Map «=--< >

Soil Depth Suitability Map ----- >

Rainfall Suitability Map ----- >

D Shi b DDty X 0.12
P T X 0.06
P SR X 0.06
Cmmmmmmmmnan X 0.35
eeraaiTas X 0.35
L GEEE R EE X 0.04
Eesssmrats X 0.03

OC Suitability Map ----< >

g
L

Single Image of Precision Oil Palm Zone

Sutat

Figure 3 Map evaluation or Map calculation for oil palm production

iy (Oil palm yield prediction model) U8y
a.muauy3 [§ (Figure 4) InsutvAnanweie
mswandu 3 szau [aun

P1 : wudifidnanwraniswanuiay
iy Mufinguillsznoudsiiadeiisuiusie
mandnmufithduisugasnsnseiu P1 28y
mald wuh nszneoylu . &was neswgd
wae nslem wniu 198,138 (3, 309,727 15 was
98,763 13 musdi 3wiiovan 606,628 13
Femaniufimariidnenmwlunslinanie
nzapldnanldlisnnii 3 fu/ldA)

P 2 : AuiifidnamwiansHARLNUNENY
Fuuimedaniladeiiandudonsninaui
g ninTudesn1s aseiu P2 wevniald
wuh nazanenglu . f9zay nevwl uaz
Insloa wihiiu 152,207 15, 236,704 15 uaz
175,601 13 susdin sanviovinm 564,512 19
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ssjuazdaiguauus
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RNy 59T IUAY aNTAMNLATTD AL
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AU WASNINIENEMTEIARL ANNTUEINS
au fievean AaSan demsdnundoya
Fnuawiufinsgniisivscaunadisaly

]
=
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Figure 4 Oil palm vyield prediction model in Kanchanaburi Province
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