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Assessment of rice damage caused by brown planthopper
(Nilaparvata lugens (Stal)) using UAV-based multispectral imagery
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ABSTRACT: The brown planthopper (BPH), Nilaparvata lugens (Stal) (Hemiptera: Delphacidae), is recognized as a
major insect pest causing severe damage to rice production systems. The potential of UAV-based multispectral
imagery for assessing BPH damage in rice fields was evaluated in this study. Experiments were conducted at the
Thailand Rice Science Institute during the 2022 and 2023 dry seasons. Different levels of BPH damage were induced
under field conditions. Field observations and aerial imagery were collected at seven-day intervals following insect
release using a UAV equipped with a multispectral camera. Vegetation indices, including NDVI, SAVI, and GNDVI, were
analyzed in relation to rice damage scales and the percentage of damaged areas. The results demonstrated that
aerial imagery with a spatial resolution of 1 cm/ pixel was unable to detect individual BPH populations; however,
symptoms and plant damage could be identified once the severity reached a damage scale rating of 5 or higher.
In contrast, early-stage infestations (damage scale levels 1-3) could not be detected. Vegetation index values were
found to decrease as rice damage scales and the percentage of damaged area increased. Among the evaluated
indices, NDVI exhibited the strongest relationship with rice damage and provided the highest predictive performance
(r2 = 0.506-0.512), with lower RMSE values than SAVI and GNDVI. These findings indicate that UAV-based multispectral
imagery can potentially be applied for assessing rice damage caused by BPH infestation and for supporting pest
outbreak monitoring and precision pest management in rice fields.

Keywords: rice; brown planthopper; damage; multispectral; vegetation index
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Figure 1 Experimental rice field plots used to evaluate BPH damage using UAV-based multispectral imagery at the
Thailand Rice Science Institute, Suphan Buri province, during the dry seasons of 2022 and 2023. The enlarged image
shows the arrangement of experimental treatments and replications within the study area (T1: Released BPHs <ET, T2:

Released BPHs =ET, T3: Released BPHs >ET, T4: Control (not release BPH)).
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Table 1 Classification of damage scales and symptoms caused by BPH infestation (IRRI, 2014)

Scale Symptoms caused by BPH
0 No injury
1 Slight yellowing of a few plants
3 Leaves with partially yellow but with no hopper burn
5 Leaves with pronounced yellowing and stunting or wilting and 10-25% of plants with hopper

burn, remaining plants severely stunted

7 More than half of the plants wilting or with hopper burn, remaining plants severely stunted

\O

All plants dead
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Table 2 GCPs in semi-fields at the Thailand Rice Science Institute during the dry seasons of 2022 and 2023

Point ID  Latitude (DD) Longitude (DD) Height (m) Easting (m) Northing (m)  Elevation (m)

1 14.47986 100.0887 -21.2588 617323.1 1601076 -21.2588
2 14.47987 100.0881 -21.1516 617262.4 1601078 -21.1516
3 14.47915 100.0881 -21.5524 617259.4 1600997 -21.5524
4 14.47984 100.0889 -21.1781 617348.4 1601074 -21.1781

DD = decimal degree

Table 3 Key parameters for UAV survey flights

Parameter Value
Flying Set Double-Grid
Camera angle 80°
Over-lap 90%
Side-lap 90%
Flight speed Normal+
GSD 0.01 m (Adjusted flying height)
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Table 4 The vegetation indices used for BPH infestation analysis

Spectral index and formula Reference
NDVI = (NIR - Red) / (NIR + Red) Rouse et al. (1973)
GNDVI = (NIR - Green) / (NIR + Green) Gitelson et al. (1996)

SAVI = (NIR = Red)(1 + 0.5) / (NIR + Red + 0.5) Yang et al. (2007); Liu et al. (2012); Prasannakumar et al. (2014)
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nsUnAquuasiitwssnh wastefiuauuiuglunsssdufienssalufuifituiuiudanu Tnea SAVI Srasandaus
-1 949 1Im8ﬂ'ﬁiﬁwﬁa%ﬁaﬂWiﬂﬂﬂqmaaﬁﬂummﬁL%ﬂuﬂ%mmﬂaa (ArcGIS Pro, 2024)
2. MIVAFDUANLEURUSTRIRILUILAEN1TAT19ENNTYIIUNY
2.1 MTIATIERANUAURUSTEIINHILUS
MMsileTgdanuduiusseninandudivnssaainaimeie UAV laun NDVI, SAVI uag GNDVI fiudaya
maaun 1iud Siunulsznsmaensylandinna sedunzuuulennisinunfivesdudn uavdosazamnudomedaiiui
Mnmsvagvesnasnszlandiina dufutoyaseduavinnmsduiiufenailuwamanes Tnefwusls Fuussi
(independent variables; x) lawn Araadiianssas NDVI, SAVI uag GNDVI @uaaulsniu (dependent variables; y) Lo
Srnulsrnsiaenselandtina sefuasuuulsiennisinundvesdudng warfesarauidemediufionnnsinans
YoUNABNSYIAnETMa TiaTeanduUseansanduiusiio S WUY two-tailed test (Pearson correlation coefficient; r)
faelUsunsa IBM SPSS Statistics version 16.0 wiiaUszifiuseiumuduiusseninaiands Tnean r faesening -1 9 1
Faein 1 wansdannuduiusideuinegwauysal A1 0 uansildfianuduius wage -1 wansfannuduiusundunie
ANUFTUSIsauegeany el (Anuna, 2567; Best, 1977; Hair et al., 2010) wagldmunseRuALdIsTuS TS aunuay
Jaaueantdu 5 sedu Teun 0.81-1.00 = anuduiusTueg19uin 0.61-0.80 = auduiusiuuin 0.41-0.60 =
AUFNTUSTUUILUNA1Y 0.21-0.80 = AUdURLEA U 0.01-0.20 = AuduRusiusmunn way 0.00 = ldflauduiusiu
(Asawapaisankul et al., 2025)
2.2 ANSASNENNNTYINUIEAIENITILATIERNTONN DT UEUDE199Y
Wnsieszinisonnesluduetieite (simple linear regression) Hieadvaunisdmsuldvhuesedu
ATLUUUIToINsAnUNRve Lt wavdesarmnudsmedeiiuiiainnsvhateveandsnsslandinna Inefvunle
fuUsiu (x) lawn Aadfvnssas NDVI, SAVI way GNDVI d@ausaudsail (y) tawa syfuURzLLLUeNNMSAnUARvR U1
wazdeparaudsmodaiiufionnnisvatsvenndsnselandinnia wazdndenaunisiivuizanlagfiansanainan
FuUszAnsnsindula (coefficient of determination; r?) Fafifnegseving 0 fa 1 mne ¥ g4 wansindauUsiuause
saunmsiasunlaesiaudsnalles (ydilns, 2553; AuUnsal uaz 3580, 2565)
3. mMsUsziuAnuAaILAAeUYBIEIN ST
Uszdfiunnunainindeuvesaumsviunelagldarsnfidewesradoiddoswasninunainnden (root mean

square error; RMSE) 91ngng
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n s 2
RMSE = [-3 0, = ¥)
i=1
Tl

yi A9 A1934 (actual value/observed value) maaﬂﬁa;gaéwﬁuﬁ [

{i fio anfiviunelél (predicted value) ‘Uaﬁagaﬁﬂﬁuﬁ i

n fie Sruudeyaiaun (sample size)

NANISANE

dayaninduInLazdayanIwE18In UAV

Foyaniaaum lunauiuss wa. 2565 (guuginsmuiade 33.5 ssrwaidoa uavanududuivdiade 76.5
Waesiud) nudn Ussrnandsnselanduiniagud 2 uisfivdesmdsnsslandiima Suauidy BT (1 #2/60) uas
FNUIUADUNIVRY ET (2 Aa/F) ﬁﬂi%‘mﬂiLﬁu%uQﬂﬁfﬂiuﬁﬂﬂ’]ﬁﬁ 4 493151573 (1Y 1,143.90 uay 1,123.33 §2/n0)
(Figure 2a) Tnedudnidunanionnismiosusnalauned it ludUamiil 1 19901581579 (STAUATULY = 1) LasLARIBINS
wdpsegnadniau waszunSuviewien fenslwl (hopper bum) wntuethsioiies (Figure 2b) auanusadunmudiuiiui
arudemennnsvinansvesndensylandthmalddniau dusdunii 3 vesnisdisn (Gefuazuuu = 5-7) rntuny
fudnuansornsiudiyunssludUanii 4 vesnnsdrsa (seduaguuu = 7) Tasdudnaguansenislumdsstaou ua
uaspinIuniaiten Termsludinnnd 50 Wedidud wasiufiaudsmeassegruetu wieusududniuansernislv
fiyuusatunazurismesiolodluaufadunid 6 1eansd1eaa (seduazuuu = 9) dwTBivdosmdenselandtina S
fount ET (0.5 fa/6) udidudnasuansernisinninnmshasveandenslandimatnni uddinmswaunssdua
Femovosiutmluiuenfendfuiiivdesmionsslandiinaaesdandisiu Tnsynisidesimdsnsglnnfiinia
wududufanefmualufuiinagey (9 msauns) Tuduaid 6 veansdsne uandanganiuau (ivdesinde

nszlandunnia) uazguIUss w.a. 2566 (eaumgiivseiunds 33.8 ssrnwadod uazauiuduivdiagdy 69.6 wWesidud)

v ' v
ada ' a

WU Ussrnsindenselanduinnaiuil 2 vedisivdesnionselanduinia J91uuiiuadu Aauaduaii 1-5 veans

d1579 FagonndostunsiiintuvessesuasuuuiusensisUnfvestudng MAnanmsyateveanaenselandtina
TnsmsUdesimdsnselandiiinia S1uuaeavivwes BT (2 #/fu) fussrnandonsglnndihmaifisdugegn wie 577.53
§/ne Tudnidl 5 vesnsdss sudmazuansernmsluvdesdneu wazuassuniuviedion fo1nsinl 10-25 Wesidus
(szsfunzuuy = 5) TudUaidl 4-5 99311581529 Futnuansernslvgl wnndt 50 Wesidud uazdudouaszunduguLss
(sedunzuuy = 7) TudUa9iit 6 99311581599 InTUlUGUA W7 7-8 189n1581579 WU Budautanie (SeRuasuuy = 9)
Tuwariiaivdenmasnselandihna stuaudesndn ET (0.5 §/éu) wagsiuuwhiu ET (1 §/8w) nunsviansanadly

#UAYN 7-8 IN1581579 WlasanUsernsindsnselanduiniaanad (Table 5)
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Table 5 BPH population and damage scale caused by BPH during the dry seasons of 2022 and 2023

Week of y
Average no. of BPHs per hill (Damage scale")
survey

Treatment 1 2 3 4 5 6 7 8

Dry season, 2022
T1: Released BPHs <ET  25.63 (0) 301.70 (1) 232.77 (3) 248.20 (5) 347.23 (7) 239.10 (9) -¥ - - -
T2: Released BPHs =ET ~ 27.90 (1) 568.70 (3) 366.10 (5) 1,143.90 (7) 358.17 (9) 155.33 (9) - - - -
T3: Released BPHs >ET  34.40 (1) 657.63 (5) 520.20 (7) 1,123.33 (7) 534.37 (9) 0.00 (9) - - - -
Td: Control (not release) 0.10 (0) 243 (0) 347 (0) 203 (0) 273 (0 033 (O - - - -

Dry season, 2023
T1: Released BPHs <ET  4.10 (0) 19.37 (0) 532.17 (0) 67.33 (1) 4570 (1) 4757 (3) 1.50 (1) 0.97 (1)
T2: Released BPHs =ET ~ 8.53 (0) 40.47 (0) 100.13 (1) 131.70 (3) 57.30 (3) 94.43 (3) 2.37 (1) 0.67 (1)
T3: Released BPHs >ET ~ 22.50 (0) 128.47 (1) 422.93 (3) 422.67 (5) 577.53 (5) 425.10 (7) 37.00 (9) 8.33 (9)
T4: Control (not release)  0.10 (0) 1.53 (0) 0.23 (0) 047 (0) 0.77 (0) 13.07 (0) 2.67 (0) 27.60 (1)

'/ Damage scales caused by BPH infestation was evaluated according to the SES for rice (IRRI, 2014), where 0 = no injury; 1 = slight
yellowing of a few plants; 3 = leaves partially yellow with no hopper burn; 5 = pronounced yellowing, stunting or wilting, and 10-25%
hopper burn; 7 = more than half of the plants wilting or showing hopper burn with severe stunting; and 9 = all plants dead

? - = data not recorded

Figure 2 The BPH population exceeded the ET (a), infested rice plants in the experimental plot and caused hopper
bum symptoms (b)

TYANINAIENI0INIAIN UAVs Tugauiusa we. 2565 uazgouiuss we. 2566 wuil sukuuaademeuas
n1snevauswvesdviiwnssuiuwlduaenndesiulunitastgquan Insamdienise1nis RGB, NDVI, SAVI uag GNDVI
A a a 1 2 o & =% v o 1 a a
Anuavdn 1 gu/Anwa lanansavsaiuimiulssvinsveandensylanduinald usaiuisavsvenanuiinunfves
fudnn dieduiuanseinsiaunfidussziuazuuu 5 10uduly wazudnafigniasanmaenselaadihna wazawise

& ' i a Ay v ° & a v v a
LVIUWJ'HJLLG]ﬂ(5]'Ni%‘vn'N‘UiL']mWWUSU']'JQﬂW'm']EJ"U’mL‘Wﬁﬂﬂigiﬂﬂﬁ‘lﬂﬁﬂaLLa%W‘L!SU'nUﬂW (Table 6)
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Table 6 Representative RGB, NDVI, SAVI, and GNDVI images of rice plots showing different levels of BPH damage scale according to the SES
for rice (IRRI, 2014) during the dry seasons of 2022 and 2023

Damage

0

scale’

Dry season, 2022
RGB

NDVI

SAVI

GNDVI

RGB

SAVI

GNDVI

Note: Increasing damage severity was associated with greater canopy discoloration and lower vegetative index values.
!/ Damage scales caused by BPH infestation was evaluated according to the SES for rice (IRRI, 2014), where 0 = no injury; 1 = slight yellowing of a few plants; 3 = leaves partially yellow with no hopper

burn; 5 = pronounced yellowing, stunting or wilting, and 10-25% hopper burn; 7 = more than half of the plants wilting or showing hopper burn with severe stunting; and 9 = all plants dead
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nsaRseAdrdisnssaandayaninaen1Inifain UAV

NMTIATIERANRYINYNTI NDVI, SAVI lag GNDVI 3nndayaninaienieinia vedwlamageulugauiusa w.e.
2565 waw 2566 WU Adwifianssee vesiudniigniasanindensylaadiing Buidianasedisiaiauegis
soiflowtuddUnsiil 4-5 vasnnsd11e Feliseduazuuuiivadenisiaunfvesduiniiinnnmdsnselandumasy
seminssgiuaziuy 5-7 lneardvdfiunssavesiudnfigniatedadiniiAdedfiswssavosiuinund (amunu)
Tnslamgnsmaaauiivdesinasnszlanfiimaduuaoniies ET (2 fa/siu) luaefissduasiuutsdauiaunives

AUUNILAWNLTURUFUA1Y 8911581579 (Table 7)

Table 7 Vegetation indices (NDVI, SAVI, and GNDVI) derived from UAV-based aerial images during the dry seasons of
2022 and 2023

Week of survey 1 2 3 4 5 6 7 8

Vegetation
Treatment ind Average of vegetation index value (Damage scale?)
index

Dry season, 2022

T1: Released BPHs <ET 0458 (0) 0504 (1) 0500 (3) 0424 (5) 0325 (7) 0325 (9) * - - -
T2: Released BPHs =ET 0.440 (1) 0471 (3) 0437 (5 0359 (7) 0.263 (9) 0.263 (9) - - - -
T3: Released BPHs >ET Hov! 0.457 (1) 0.483 (5) 0375 (7) 0.238 (7) 0.189 (9) 0.190 (9) - - - -
Td: Control (not release) 0.476 (0) 0.524 (0) 0.585 (0) 0585 (0) 0490 (0) 0493 (O - - - -
T1: Released BPHs <ET 0.898 (0) 0.975 (1) 0983 (3) 0.953 (5 0.870 (7) 0.873 (9) - - - -
T2: Released BPHs =ET 0.872 (1) 0947 (3) 0942 (5 0.865 (7) 0.758 (9) 0.760 (9) - - - -
T3: Released BPHs >ET A 0.896 (1) 0.966 (5) 0910 (7) 0.693 (7) 0.613 (9) 0.612 (9) - - - -
T4: Control (not release) 0921 (0) 0993 (0) 1.000 (0) 1.000 (0) 1.000 (0) 1.000 (O) - - - -
T1: Released BPHs <ET 0.444 (0) 0.459 (1) 0476 (3) 0.402 (5 0.581 (7) 0351 (9) - - - -
T2: Released BPHs =ET 0.427 (1) 0434 (3) 0438 (5 0.364 (7) 0.506 (9) 0.303 (9) - - - -
T3: Released BPHs >ET erov 0.443 (1) 0.442 (5 0418 (7) 0.293 (7) 0.409 (9) 0.254 (9) - - - -
T4: Control (not release) 0.446 (0) 0.462 (0) 0510 (0) 0485 (0) 0.716 (0) 0430 (O - - - -

Dry season, 2023

T1: Released BPHs <ET 0.437 (0) 0558 (0) 0547 (0) 0.529 (1) 0.464 (1) 0.493 (3) 0.402 (1) 0.213 (1)
T2: Released BPHs =ET 0.407 (0) 0.502 (0) 0.519 (1) 0463 (3) 0.367 (3) 0.421 (3) 0.337 (1) 0.200 (1)
T3: Released BPHs >ET Hov 0.395 (0) 0.498 (1) 0.490 (3) 0377 (5 0.111 (5) -0.004 (7)-0.163 (9)-0.242 (9)
Td: Control (not release) 0.433 (0) 0.627 (0) 0.613 (0) 0.578 (0) 0.556 (0) 0.562 (0) 0.486 (0) 0.212 (1)
T1: Released BPHs <ET 0.655 (0) 0.836 (0) 0.821 (0) 0.793 (1) 0.696 (1) 0.740 (3) 0.603 (1) 0.319 (1)
T2: Released BPHs =ET 0.610 (0) 0.752 (0) 0.779 (1) 0.695 (3) 0.550 (3) 0.631 (3) 0.505 (1) 0.301 (1)
T3: Released BPHs >ET A 0592 (0) 0.748 (1) 0.734 (3) 0.565 (5) 0.166 (5) -0.006 (7)-0.244 (9)-0.363 (9)

T4: Control (not release) 0.650 (0) 0.940 (0) 0.919 (0) 0867 (0) 0.833 (0) 0.844 (0) 0.729 (0) 0.318 (1)
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Table 7 Vegetation indices (NDVI, SAVI, and GNDVI) derived from UAV-based aerial images during the dry seasons of
2022 and 2023 (continued)

Week of survey 1 2 3 4 5 6 7 8
Vegetation
Treatment i Average of vegetation index value (Damage scale?)

index

T1: Released BPHs <ET 0.220 (0) 0.252 (0) 0.299 (0) 0.329 (1) 0.289 (1) 0.326 (3) 0.251 (1) 0.166 (1)

T2: Released BPHs =ET 0.202 (0) 0.220 (0) 0.271 (1) 0.285 (3) 0.231 (3) 0.274 (3) 0.194 (1) 0.153 (1)
GNDVI

T3: Released BPHs >ET 0.190 (0) 0.220 (1) 0257 (3) 0.221 (5 0.06 (5) -0.027 (7)-0.145 (9)-0.141 (9)

T4: Control (not release) 0.216 (0) 0.308 (0) 0.355 (0) 0.356 (0) 0.336 (0) 0.384 (0) 0.299 (0) 0.162 (1)

'/ Damage scales caused by BPH infestation was evaluated according to the SES for rice (IRRI, 2014), where 0 = no injury; 1 = slight
yellowing of a few plants; 3 = leaves partially yellow with no hopper burn; 5 = pronounced yellowing, stunting or wilting, and 10-25%
hopper burn; 7 = more than half of the plants wilting or showing hopper burn with severe stunting; and 9 = all plants dead

% - = data not recorded

nsnadauANNENRUSSERdedaya nsadeaun1siue uazn1sUsliuANAMIALARIUYINTIIUY
HaN1TIATIERANNANTUS SENIeA A vl ns s NDVI, SAVI Uag GNDVI wazdoyaniaauiy taun 1uiu

U589NSVNNALNTEIANFUIANA SEAUALLUUNUITDINISRAUNRYBIAUTMNLARININAENTEIANENIAE LarSeasAIY

v &

WML INUNINAISYIA18VBNEENSEIANEUINNE WU I1UIUUSLUINTINAENTLIAAEUIR1E HANUFURNUSITaUINn

v '
o

Uunaeg 19iltiudAny AUTEAUATLULUIRINISEAUARYOIAUT (r = 0.447*) uaziouazAudsuldsnunINng

Mangvaaundenselanduinia (r = 0.455%) agalsiniy Iuiudszansmasnslanduiiniadlanudunusifaauniuin

U v w1

at1aifad1Any AUAT NDVI (r = -0.202*%) wagAn GNDVI (r = 0.045™) wiliflanuduiusiua SAVI (r = 0.004™) vnuzdl

°o w v v

SELAUALLUNUITDINISAAUNRYBIAUTY TAnudunusiudsuinegnauinegeilivedf nusesasamnu@emadeniui (r =

o

' ' ' v o

0.994**) wonanil A1 NDVI dauduiusiudsuinegisuinegnsiidedndey Aua SAVI (r = 0.887*) wazdaudunusias

vaInuInegalidd1Agy AuAT GNDVI (r = 0.691%%) d@auan SAVI Sanudunusiudsuineg1euineg1sidedifey Aum
GNDVI (r = 0.898**) Tunanssiudnu seauaziuul@onsiaunfvesiutn danuduiudideavunegsiideddey dumn

1Y LY

NDVI (r = -0.711*%) fianudunusifeaviunarsegnalitdodian nuan SAVI (r = -0.467*%) wazdanuduiusiiaaunnagnad

o

WodAty AUAT GNDVI (r = -0.293%%) LY ulAe1n Ui agazANLdeneiIn uiann1svinatsvesndonsylanduinia

LY

Hanudunusiteauegsnnegsltedidgy Aua1 NDVI (r = -0.715%%) Sanudunusidsauiiunaisessiitoddgy Auen

o LY

SAVI (r = -0.471*) wazdanuduiusifsaumegnedtdodfny Aua1 GNDVI (r = -0.306**) Na17Ae 1o TeAUATIULUTINTS

P

RAUNAVDIAUUI K30308arANUFLMELTINUNTANALTY APTNTNsTUaziiA1anas (Table 8)
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Table 8 Correlation heat map between ground-truth data (number of BPHs, damage scale, and percentage of damage

area caused by BPHs) and vegetation indices (NDVI, SAVI, and GNDVI) during the dry seasons of 2022 and 2023

Damage % Damage
No. BPHs NDVI SAVI GNDVI
scale area

No. BPHs 1
Damage scale 0.447** 1
% Damage area 0.455** 0.994** 1
NDVI -0.202** -0.711** -0.715** 1
SAVI 0.004" -0.467** -0.471**  0.887** 1
GNDVI 0.045™ -0.293** -0.306**  0.691**  0.898** 1

** = Correlation is significant at the 0.01 level (2-tailed)

ns = not significant

Wathdeyardvliynssaumiag 11aseaunIsiuIgn15an0eeidudueg1sde ieYuNg TR UATIULUITDINTT

RAUNAYBIAUTNLANIINNAENTLIANFUINEA LaTS8aLANUELMIELTINUNNNNITYINA8VBUNAENTEIANFUINE WAL

finN3191nA7 2 wudn aun1sanal NDVI I 7 gafian annsaviunessduaziuuyslonnisinunfveadudn (7 =
0.506) warfevaganuidsmeodaiuiinnmahaisveanionsslandiinia (7 = 0.512) ldAndiaun1saindl SAVI (7 =
0.218 uay 0.222 MUAWU) WazaunsIINA1 GNDVI (¥ = 0.086 Wag 0.094 MudFy) InMsUszliunuRaIRARDUTES
nsvune wud1 mavhweseduesiuulsdentsiaunfvesiudnfiinanindenselanduima deaunisaindl NDVI
fiF1 RMSE sifian winiu 2.26 (Table 9) fatfu endwiifisnssas NDVI Suualifiazannsoiunldlunsiusdfieussdy

SEAUALLUNUITDINSAAUNRYBIRUTITARINMNAE NS IARFUNAa luan wLUAagwWN

Table 9 Equation of damage scale and percentage of damage area caused by BPHs, and coefficient of determination

Vegetation index Damage scale % Damage area
Prediction equation r’ RMSE Prediction equation r? RMSE
NDVI y = 7.196 — 12.004x 0506  2.26 y = 75.650 - 127.520x ~ 0.512  42.06
SAVI y = 5.855 - 4.814x 0.218 2.84 y = 61.527 — 51.306x 0.222 41.88
GNDVI y= 4.230 - 5.768x 0.086  3.07 y = 44.875 - 63.609x 0.094  42.04
PRRETV]

NNFTIUTIATMENENEIMATIEdUasivesulamadeu Fihdiuinnmaesenaaliawisonsiaduay
Femeannsiansveanasnselaniinmalusseyudu fauseiuaziuy 13 uwiaunsatsmuuansnssenindudng
fuansormsiaund sausisyauazuy 5 Huduld Wemndhvaznsimansveandensylandtimauazermsiaunilu
ssozusniAnduUInalaunevesiuing Sniwiudriluwannilumnuiu vilinsdenmyuuudae UAY aunsansiady
I¥iloRndnvarennsisunduuludnegeinauudavity Wity Huang et al. (2015) wandlhifiuin msuszdiuns
svunveanasnselanduinalaeldsadianssa NDVI, red-edge chlorophyll index (Cl g egge) Ha% GNDVI liaunsa
nsdunssrualussenduduld (Gefuasuuy 1-3) uonaint Jang et al. (2024) Téseawudr fudniigniaisanmds

nszlandiimaluszezusn sdurzuanson1sidauinnniitly Jaduguassalunisasranuanudeomevessiuinluszes
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Busiu ey MefnudeyamsdiinewesdinginuasdniiiavediBnisnraduialududdylumsiannBnsesadui
wnzauluzuuuusug destedulentdluarudniavesnuisei

ilefiwgnnszdusienana3enanndsdidin (biotic stress) wazslifidin (abiotic stress) vilvassineuazaunil
YOI BLAANITLUE suULUa s LYY UFuausening Usuaut USunalusau Taseadne tdudy (Shiet al, 2018)
nswasuulasiietu Wy enmsidienen whide Wudy wsavieuliifuedsimaulurnisasiounawwesity (spectral
reflectance) mM3wasunlamansaseunasiiingy l:'f;Juﬁ”ugmﬂuaamsﬁmmmiaaaauﬁ’mgﬁﬂuﬁwwmiuiaﬁmiﬁﬁm
szurlng (Zheng et al,, 2018) 9MNN5ILATIERARITNYNTIAU NDVI, SAVI Lag GNDVI y9an15AnASed uansliiiuin
Adiifanssaianan danuduiudiBeavediann fussiuazuulidensiaunivedudnfiinanmionssinng
dma wardevaveudemedituiinnnmsvhatsveandensylandinma senandesiuseaures Rakwatin et al. (2016)
warnaoslndy wazaniz (2565) nunswasuulamesyifinnssa NDVI fidnanas dedudnuansernsinunfiiaain
wasnszlanatina wWudeatu Sivaranjani et al. (2023) wu esiifienssas NDVI, CI coge WAZ GNDVI AzfiDgq anas
Lﬁaﬁu%nﬁgﬂLw?iuaﬂssimﬁﬂfqmaﬁﬁmEJLLammmir;’im‘LJﬂmuizé’UﬂsLLuuwhﬁ’U 3 pntufednssaszanatagne
s udledudinuanionisinunftesesuaswuuiniu 7

fmﬂmimaamamé’fuﬂ’uémwﬁmﬂaLLﬁsﬁ%Nﬁ;JﬂﬂiamaasJLGTNLé’uaEJ"m'ﬂEJLﬁa‘v‘hmmsﬁmmmuﬁﬁmmﬁmﬂﬂa
yastudniifaanmasnselandiima wazfesarmnudemeaidsiiuiinnnmsvhaieveandensylnadiinia wui aunns
viunefildfuifonssa NOVI Budihune Sdnenmldesuisanuifuuisvesiuusdnanlidian esanliid 2 gandd
Fryflfiunssas SAVI wag GNDVI Bnvisamunainiadouresnshuededaifiwssa NOVI faviige weldlunisviuie
sefUATLLUUIT oM sAnUN AR Ui AR NmEsnselandinana og1lsAny Fuifiunsses NDVI, SAVI wag GNDVI
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