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ABSTRACT: This study aims to monitor rubber tree growth and yield prediction using satellite imagery data of 2
areas in Thoen District, Lampang Province, which are new rubber plantation areas. The soil series data, climatic data,
and Landsat 8 satellite imagery data were collected during 2014 to 2019. Soil series and climatic data demonstrated
that both rubber plantations are not suitable for rubber production as the results in girth and yield of rubber were
lower than those of the standard level. The satellite imagery data in the study area showed Red waveband (630-
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680 nm), provided a high correlation with the girth of rubber trees and the vegetation indices are Difference
Vegetation-Index (DVI), Soil-adjusted Vegetation Index (SAVI), Ratio Vegetation Index (RVI), Enhanced Vegetation Index
(EVI), and Modified Soil-Adjusted Vegetation Index (MSAVI) provided medium to high correlation coefficient (R) with
monthly rubber yield. In addition, Stepwise Multiple Linear Regression Analysis between rubber yield and vegetation
indices of both study areas indicated that Normalized Difference Vegetation Index (NDVI) and NIR waveband (845-
885 nm) can be used for rubber yield prediction with the coefficient of determination (R?) of 0.77 and 0.63 and the
Root Mean Square Error (RMSE) between observed yield and predicted yield of 2.89 — 4.77 kg/rai.

Keywords: para rubber; remote sensing; vegetative index; yield prediction; srowth monitoring
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Table 1 The Vegetation Indices (VIs) equation were used in the study.

Vegetation Indices Formula Reference
1. Ratio Vegetation Index (RVI) RV = ﬁ Jordan, 1969
RED
2. Normalized Difference Vegetation Index (NDVI) NDVI = NIR - RED Kriegler et al., 1969
NIR + RED
3. Difference Vegetation Index (DVI) DVI = NIR-RED Tucker, 1979

4. Soil-Adjusted Vegetation Index (SAVI)

5. Renormalized Difference Vegetation Index

(RDVI)

6. Green Normalized Difference Vegetation Index

(GNDVI)

7. Enhanced Vegetation Index (EVI)

8. Modified Soil-adjusted Vegetation Index (MSAVI)

9. Normalized Difference Moisture Index (NDMI)

10. Normalize Difference Water Index (NDWI)

11. Crop Water Stress Index (CSWI)

(1+L) x (NIR-RED)

SAVI =
NIR + RED + L
NIR - RED

VNIR+RED

NIR - GREEN

RDVI =

GNDVI = ——
NIR + GREEN

(NIR-RED)

EVl = G*

(NIR+C1*RED-C2*BLUE+L)

MSAVI = 2*NIR+1-V (2*NIR+1)2-8*(NIR-RED)

(NIR-SWIR)
NDMI = ————

(NIR+SWIR)

(GREEN-NIR)
NDW| = ————

(GREEN+NIR)

(SWIR-NIR)
CSwi =

(SWIR+NIR)

Huete, 1988

Rougean and Breon, 1995

Gitelson et al., 1996

Huete, 2002

Qi et al, 1994

Gao, 1996

Gao, 1996

Ghulam et al., 2008
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Figure 2 Soil series map of the study area (Scale 1:100,000), THOEN 1 (a) and THOEN 2 (b)
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Figure 3 Annual rainfall (a) mean temperature (b) and relative humidity (c) rubber girth and relative growth rate (d)
in the study area from 2014 to 2019 (B.E. 2557-2562). The bar graph represents the mean of the data from
April to March of next year + standard deviation (SD)
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Figure 4 Spectral signature of para rubber in different age (a) and the rubber plantation identification from false-
color Landsat 8 OLI of 1-year-old (b) 2-year-old (c) d-year-old (d) 5-year-old (e) 6-year-old (f) 7-year-old (g)
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agislsinny TudagiuianddeiineiulyyUssivg (artificial intellisence, Al) Tng Resende et al. (2020) leiviinsuus
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Hod Ay 9ads (R = -0.845, 0.835, 0.816 taz -0.816 AUA1AU) Waziuyl THOEN 2 dadudsyandanduniudszninem

NsAgviBULAINATY Juas fulduseungeedilted1Aymneada (R = -0.842) ieanniiunsivzgadurnaudunsluld

lunszuiunmsdunneinas uavaaelsiladluluivgadudlsauduniiu Yenfuduns wavagvieutadudilied innsfnuly
nslganisagviouriandudnag saufiensld NDVI lun1sussdiudunadiuwmilofu Usu1ns vuinduseuisasiu wave

YBIFUL1INST (Suratman et al, 2004: Li and Fox., 2012: Yasen and Koedsin, 2015) d1uSusiailfianssaufiioidosiu

'
a a 4a

FianunAguiafudu 9 Lawn RVI DVI SAVI RDVI GNDVI EVI fianuduiusi8euinfuaunandusouieafugede1anisuwas

Tipnduusyansanduiusseauuiunas usegralsiaulsdfideddmsadia uenanddviienssuinerdoatuniuauly

Hunssas (NDMI NDWI uag CSWI) dunudnlviandudssdnsanduiusseauliunanafegaiurunaldusauisdiuyesensnis

Usziliulianuauvesiuiivgnensnsdanuduiussenisasyiulnvewiug1ani s

N 6w '

PnduAaTganduiusiiesdusenitmaninsemeunuavdiivnssusemouvun 11 dvll Yasiunugn

YNNG 2 WU (Table 2) wuin WU THOEN 1 A1nsasviauwady9aay NIR wazaudnynssad DVI SAVI RVI EVI way
MSAVI TiandudssansanduiusuiunarsiisgeegalidedAgneadifdunandn diuluiiui THOEN 2 darduusedns

anduiussEnInensasounasasnan NIR, sailftnssas NDVI, DVI SAVI RDVI, EVI, MSAVI, NDMI hay CSWI fuUnanan

'
< o

Vrunansivgeegrefidodfyvneadd Jewiudilirdulssdvdanduiusseavuunasigaiunaniniudulngduseil
ynssaunldussiiuinatinndruviefuvesiiy lnglanzeg1eBaAnisagyiouuayenau NIR Iadudssansanduius

WaniunandaliaiTeuiisuiuaviiiisnssadu q Wewinianssauiannisasioundanuuiniugierdu NIR aa1eafeiu

D e ==

o 4
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Table 2 The Pearson’s correlation between Vegetation Indices and the girth (cm) of the para rubber and

correlation between Vegetation Indices and rubber yield (kg/rai)

Vis & Girth' Vis & yield?
Vegetation indices

THOEN 1 THOEN 2 THOEN 1 THOEN 2

RED -0.845" -0.816 * -0.318™ -0.321"™
NIR -0.162"™ 0.590™ -0.824 ** -0.790**
NDVI 0.835 * 0.785™ -0.285™ -0.607*
RVI 0.787™ 0.757™ -0.214™ -0.537"
DVI 0.328"™ 0.750"™ -0.745%* -0.749**
SAVI 0.547 "™ 0.770™ -0.601* -0.706**
RDVI 0.603 "™ 0.770™ -0.602* -0.704%**
GNDVI 0.757"™ 0.753™ -0.294™ -0.549 ™
EVI 0.570™ 0.785™ -0.643** -0.766**
MSAVI 0.286 ™ 0.745™ -0.744>* -0.748**
NDMI 0.816" 0.798 "™ -0.446 ™ -0.752%*
NDWI -0.757™ -0.753™ 0.294™ 0.549"™
CSwi -0.816" -0.798 "™ 0.446 "™ 0.752%*

Y pearson’s correlation analysis between Vegetation Indices and girth of rubber tree on May from 2014 - 2019 (n=6).
% pearson’s correlation analysis between Vegetation Indices and yield (kg/rai) on June 2017 to December 2019 (n=16) for THOEN1
area and on September 2017 to December 2019 (n=13) for THOEN2 area.

ns, * and ** are no significant, significant at the 0.05 and 0.01 probability levels, respectively.

4. NINEINTAINANEALINNIT)

nandngsmsivanetadefidnadeusinamandn 3904 multiple regression analysis eﬁaLﬂumﬁLﬂi’wﬁgULmu
auduiussninadandsny vuiulsdassinnnimilsiuls mslinseinisannesidadunyiioadvannislunsg
nensainandnerenislaslddoyanandnluf ufl THOEN 1 waz THOEN 2 f3Uuuvaunisfauansly Table 3 Tian
duusravsnsinaula (R) winifu 0.766 uay 0.625 Tagldrmsagiiounastisndu RED wag NIR Tumsesuenislinanin
¥99819W191 Fellmnuadieadsiunismaaeuas Yasen and Koedsin (2015) Alddayaniifiey Woeldview-2 sniseidiu
nathnmauniefuvesnmnslasismslinrzinisaacesdadunyuuuiduiunounuii aunsldenlddrsadu RED
RED-EDGE wag NIR Tun1595u18 118930 M e819mis1 kagainnisaeuiisuaunisnisneinsainandnseioulagldyn
Foyaueaiudeyaildlunisasisannis (Self-Consistency test) Ui annsit 1 fla RMSE Wity 2.89 uazaunnsii 2 den
RMSE Wiy 3.36 nn./ls uasifielannsninluussgndldluiiuiiduldfahdeyanndnfiufivianshnisasuitovaunis
wut A1 RMSE flendiutuidnidos nanfte aunnsfi 1 a1 RMSE whitu 4.77 uaz 3.62 dwiSuaunsii 2 fian RMSE iy
4.35 uag 4.20 nn./13 wazannamanuduiusseninmandnidinaldaietunandaildannisneinsallngld aunisi
wane1aiu (Figure 5) wul1 Teyainisnszanediusinady 1:1 Ad1ARIRUTA 2 @Unns S‘ﬁwfmmil,ﬁusﬁam”awamémﬁgq 2
flufinudn fudl THOEN 1 finanBnenaiade 24 nn./l3/Afeu fufl THOEN 2 SnanAnenuads 21 nn./l3Afou asiuld
nsldaunisil 1 Afinsldeinsagioundanutiendu NIR uazdvdienssa NOVI Tunisussidunandnenainaany

AaaLAaaUlaUsEIN 12-20% 9e19lsAnu N1stdaunish 2 ATnSIEAINISALRDUNEIUY9AAY NIR Wgang1uReluy
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mMsfnueafsaueaalndouldUszana 16-21% aiuldhaunmaneinseinandnitwunlduhluldlunsussdusa
wAsluiuisuifsnuuslndifssiuiuidnule uioghdlsinudliaunanmedouss fedeanuaaaedeuresaumsid
A1ge oratdesnanduuadeyaitltlunisairsauntsiiten uazmslinandnvesensmnsuansnaainfivsindu Usina
NANANE NI TTUBNIN T UBE AUAmNANY Seivasiugnaws Hadeiu anmgfianna uaznislalsudadstutunnufily
N1973AEIMITIAE (Somboonsuke, 2018) ilensUsziiufiusiugundu miﬁﬁmmm'ﬁf&’wLLuﬂﬁuﬁ:mnWﬁﬂuLwiasﬁuﬁ
rewihnsfnw dwmsunsfnslusuianannsmisuuuuinsildfinnsuiuiy q delfidudeyalunmssudisudy

HAN1SANWINSRTYLAULA MAUANTA karN1IAIANISAINANENE1INITINTeYanILTiey Landsat 8 Feazdmalianuided

AANUINEDITY

Table 3 The rubber yield predicted equations developed from data of THOEN 1 and THOEN 2 area and the root

mean squared error (RMSE) test

Root Mean Square Error, RMSE

Fquations R*
THOEN 1 THOEN 2  All data
THOEN 1 (Eq.1)  Yield (kg/rai) = 59.02 — 179.37NIR o, + 0.766"  2.89° 4.77° 3.62
80 8INDVI, oy
THOEN 2 (Eq2) Yield (kg/rai) = 58.12 — 104.70NIR 0.625% 435 3.36° 4.20

¥ Self-Consistency test and ¥ independent validation

40.0 z
X  Predicted yield s
from Eq.1 o y ,’/
O Predicted yield ,/’
from Eq.2 o X /’,
_.300 °©
® o) @xx .
S ‘8%
2 o8 BT *
o .7
< ‘ o X
] .
2 o 0<O /,’X y
O ’
9200 - O&a " x
5 /’/
o X

3 %7
o o'x o'x

’,’/ o & X

100 4~ | |
10.0 20.0 30.0 40.0

Predicted yield (kg/rai)
Figure 5 The relationship between observed monthly yield and predicted monthly yield in 2017-2019 from
equation 1 (Yield (kg/rai) = 59.02 ~ 179.37NIR + 40.8 INDVI, ;) and equation 2 (Yield (kg/rai) = 58.12 —
104.70NIR ;,ontnt,)- The 1:1 reference line is represented by the red dotted line
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