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Satellite remote sensing for growth monitoring and yield predicting of para-
rubber: a case study in the area of Thoen district, Lampang province
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ABSTRACT: The growth monitoring of rubber trees and yield prediction using satellite imagery data of 2 areas in
Thoen District, Lampang Province, which are new rubber plantation areas. Soil series data, climatic data, and Landsat
8 satellite imagery data were collected from 2014 to 2019. Soil series and climatic data demonstrated that both
rubber plantations are not suitable for rubber production resulted in girth and yield of rubber lower than those
provided by standard level. The satellite imagery data in the study area showed Red waveband (630-680 nm)
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provided a high correlation with the girth of rubber trees and Difference Vegetation-Index (DVI) Soil-adjusted
Vegetation Index (SAVI) Ratio Vegetation Index (RVI) The 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 NDVI and NIR (845-885 nm) can use 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; growth 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)

(1+L) x (NIR-RED)

SAVI =
NIR + RED + L
NIR - RED

VNIR+RED

NIR - GREEN

RDVI =

GNDVI = ——
NIR + GREEN

(NIR-RED)

EVl = G*

Huete, 1988

Rougean and Breon, 1995

Gitelson et al., 1996

7. Enhanced Vegetation Index (EVI) (NIR+C1*RED-C2*BLUE+L) Huete, 2002
_ % R * 2_g* _

8. Modified Soil-adjusted Vegetation Index (MSAVI) MSAVE = 2NIR+1 \/(2 NIR+1)"-8*(NIR-RED) Qi et al,, 1994
(NIR-SWIR)

9. Normalized Difference Moisture Index (NDMI) NDM| = ——— Gao, 1996
(NIR+SWIR)

10. Normalize Difference Water Indlex (NDWI) o CREENNR) Gao, 1996
(GREEN+NIR)

11. Crop Water Stress Index (CSWI) (SWIR-NIR) Ghulam et al., 2008

CSW| = ———

(SWIR+NIR)
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Rubber plantation area in
Thoen District, Lampane

Province

Field survey and data

collection (2014 - 2018)

Landsat § OLI satellite data
(2014-2019)

® Soil series data

® (Climate data

Rubber growth (girth )
(2014-2019)

Rubber vield
(2017-201%)

Classification of rubber

planting areas

Land suitability assessment
for rubber plantation

of the study area

Obtaining surface reflectance
value and vegetation indices

calculation

Pearson’s comelation

analysis

Stepwise multiple linear

regression analysis

The relationship between

vegetation indices and

The equations for

prediction of rubber yield

the rubber girth

Figure 1 Research methods
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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 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)
8-year-old (h) and 9-year-old (i) of rubber in Thoen, Lampang
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JEAUANNEWRIHUTEINA gl Usinau iy nmswi$sdvesmeending ssozvisannundai uaznsvinin Tnedadeitsl
ﬁwﬁwaﬂumawammaumﬂmm Ao ammﬂuwuwmm Tnelduuusrassunuitlumanisaiuazdnaulalunsidoniudii
mmxﬂﬂum‘aﬂqmﬁauumu

3. AYUANNUSTTU IRV TN TN ITUAUNITIIYLAUTALASNANAAVDIBIINIF

AMTIATITAANFUNUSINYTEU T2 NVUIALEUTOUNAIFUVBIEIINITIAUATTRINTTOU WaZAINTEZYIOULAIT

¥
=~

AAUALA (RED) way NIR %ENWU‘VIUaﬂEJ’NWﬁ’WN 2 ‘Ww (Table 2) ‘wmw‘ww THOEN 1 fiAndudssandandusiug
(Pearson’s correlation coefficient) SEUI1LAUTDUMAUAINITALN DULAIALAS A¥T NDVI NDMI way CSWI qjﬁamw
Hod1Atn9ada (R = -0.845, 0.835, 0.816 taz -0.816 AINAIAU) LazWuyl THOEN 2 farduussavsanduiudszningd

NsAeviBULAITIAAY Huae duiduseugeseilited 1Ay (R = -0.842) Wesnfiunssauazgaduriinaudunsluly

Tunszuiunsdunsziinas uazaaslsiladhiluiivgadurisnduintiu Yisnduduns wazazvieutinaudide dnsAnuily
nsldensazvioutaendudung sudannsld NOvI Tumsussiliudunadumilonu Usues vuaduseuisddiu uazeny
Y9IRUL19INNTT (Suratman et al, 2004: Li and Fox., 2012: Yasen and Koedsin, 2015) d1uSusaiifianssaiineidetu
FanaiiunaquAaAudug 1dun RVI DVI SAVI RDVI GNDVI EVI flanuduiudidsuinduunaduseuisdifuresensmsuay

TanduUszansanduiusszautiunas wsaghalsAmuliidedduniadd vonandsadianssaumieivasiuaiuduly

7

o ¢

Hunssas (NDMI NDWI wag CSWI) dunuinbienduusyansanduiusseduiiunansfgeiurunadussuisdiuuesensns

Uszidluldinanuruvesitunugneamsdanuduiusdenisasayiularewiug1amnns

¢

PndueTganduiusiiesduseninmaninsapeuiudvdiivnssunemouivun 11 dvll vesiuiivgn

819WN51908 2 UT (Table 2) WU AU THOEN 1 Annsasviounastnsnau NIR wazsailitanssa DVI SAVI RV EVI uag

MSAVI TiadudssansanduiusuiunarsisgeegrafidedAgnsadifdunandn diuluiiuf THOEN 2 darduusedns

a

ANFUNUSTTNININTALT DUBAIYIIAAU NIR, AYRAYNTId NDVI, DVI SAVI RDVI, EVI, MSAVI, NDMI kag CSWI fuNanas

Y s o

UrunansivgeegrafidedAgmneada Jeiudnlirdudssdnsanduiusseduunansigaiunaniniudilng i dudvd

YNTFUNFUTLLIUNIATINNE N TBAUYBINY TAULaN1EDe1989AINSEL Y DULAID9AAU NIR fAnduUseansSandunus

WannunandnilsiUTauisuiuasiienssuue esanienssudainisagiounassnuuinlugisedu NIR adneadeiu

q

L e =)

o

5T warAne (2562) N1571897U37 NDVI JanuduiusAunsinananueaony wag dons wavane (2555) 19 NDVI Tunns
Useillunananvastiuduzuad wananni NDWI wag EVI danudunusiunanandiinadesdnd (Bolton and Friedl, 2013)

athlsfimudnuaznsnszalazunsdvesiivaugnunnaisanliidudu



233
234

235
236
237
238

239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

AR s xx atUTl x: xx (256x)./doi:10.14456/kajxoxxxx 10

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
duszansnmsdnaula (R) wiriu 0.766 uas 0625 Tngldrnisazviounasinendu RED uaz NIR lunseSuienislinanas
¥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 wiriu 2.89 uazaunnsii 2 e
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 Afinsldainisagioundanuiendu NR uagdvifanssa NOVI lunsusziiunandnenainaany

AaaAaaulaUTEIN 12-20% B819lsAny n1stdaunisi 2 AnsldanTsasiaundsnurendu NIR Wissasgamenluy



256
257
258
259
260
261
262
263
264
265
266

267
268

269
270

271
272
273
274

KHON KAEN AGRICULTURE JOURNAL xx (x): xx (202x)./doi:10.14456/kaj xxxX.XX

11

AsAIMeIARANAaIRPARUlAUSEINM 16-21% Awiuldnaunisnennsainandndiuunlduiluldlunsusediuea

nanlunuiduifidnvarlndifesiunuifnula wisgrslsfaudadinuaainedougs Medaianunainndeusesaunisng

A4 analileannanduuyadeyanldlunisasisaunisiives wazn1slinaNEnveL N TUANAINHYYTADY UTHI0

HAKFNL1NTTIUONINIVUBYRUAINANYTAIVRWUE1INTT Yadeiu anngiiennia wazn1slddeudideduiuaudly

N13N3ALNITINEY (Somboonsuke, 2018) taN15UTHEUTMINEININTY AITHAITUINTTTMUNTUTE NI T T uUAa U

Aewinisfing dmiunisdnwiluewarausatzuuuuisnsluld@nwduiuiiu o delddudeyalunsiSeudisuiv

HANSANWINSRTYLAULR MAUANTA karN1IAIANITAINANEAE1INISIAINTBYAAITIBY Landsat 8 Feazdmaliauided

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 5y + 0.766** 2.89° 4.77° 3.62
40.8INDVl, oty
THOEN 2 (Eq.2)  Yield (kg/rai) = 58.12 = 104.70NIR ¢y 0.625** 4.35° 3.36° 4.20
¥ Self-Consistency test and  independent validation
40.0 7
X  Predicted yield s
from Eq.1 o y ,’/
O Predicted yield ,/’
from Eq.2 o X /',
_.300 °©
i o g o X
o .
— 4 o x
]
> ° o<o < x
2200 - 0 3%0.”" X
F) /’/
0 (e} X
8 ‘%X X
o X 0 X
’,’/ o & X
100+~ | |
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 ;,ontrty)- The 1:1 reference line is represented by the red dotted line
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