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Abstract

Cassava mosaic disease (CMD) is a viral disease that causes significant damage to cassava
crops. Nakhon Ratchasima province in Thailand has experienced the highest prevalence of Cassava
mosaic virus (CMV) outbreaks in the country, resulting in losses amounting to 1,605 million baht. The
objectives of the study were 1) to analyze the synthetic vegetation indices (VI) of CMD occurrence
locations, 2) to develop a risk map for CMD outbreaks, and 3) to analyze the relationship between
vegetation indices and disease risk levels. Data on disease occurrence locations were collected, and
aerial images were captured using an unmanned aerial vehicle (UAV) to analyze the vegetation
indices. Seven indices were included: GRDI, VDVI, ExG, GCC, VARI, TGl, and GLI, to determine the index
values at CMD occurrence locations. The data were then analyzed to assess disease risk levels, and
vegetation index data were correlated with these risk levels using spatial statistics. The results revealed
that 353 cassava plants were infected with CMD. The average values for the GRDI, VDVI, ExG, GCC,
VARI, TGl, and GLI indices were 0.0359, 0.0417, 0.0674, 0.0352, 0.0636, 0.0296, and 0.0575, respectively.
The highest moderate risk level was identified in 3,056 pixels. The Moran’s | spatial autocorrelation
coefficient for the vegetation index was 0.207, with a Z-score of 25.099. Most image pixels exhibited
a high-high spatial clustering pattern, with high-risk points (Z-scores greater than 1.96 at a 99%
confidence level) totaling 1,583 image points. This study contributes to improving the efficiency of
monitoring and tracking CMD outbreaks in cassava crops, offering a valuable tool for disease

management and prevention.
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Figure 1 Study area in Chorakhe Hin sub-district,

Khon Buri district, Nakhon Ratchasima

province.
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Figure 2 Workflow diagram
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Table 1 The synthetic vegetation indices used to identify the occurrence of cassava mosaic disease

Names Synthetic VI Equations References
Green red vegetation index GRVI (g-r) / (g+1) (71
Visible difference vegetation index VDVI (2xg)-r-b) / (2xg)+r+b) (8]
Excess green vegetation index EXGI (2xg)-(r+b) [9]
Green chromatic coordinate GCC g / (r+g+b) [10]
Visible atmospherically resistant index VARI (g-1) / (g+r-b) [11]
Triangular greenness index TGl g-(0.39xr)-(0.61xb) [12]
Green leaf index GLI (2xg-r-b) / (r+g+b) [13]
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Figure 4

(b)

(a) Orthophoto images and RGB wavelength range images are converted for analysis.

(b) Locations where cassava mosaic disease was detected in the field.
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Table 2 Basic statistical values of the different synthetic vegetation indices.

Synthetic vegetation Values
indices Min Max Mean SD
GRVI -0.1684 0.3516 0.0359 0.0445
VDVI -0.1319 0.3091 0.0417 0.0497
ExGI -0.1685 0.4612 0.0674 0.0497
GCC 0.2771 0.487 0.3525 0.0225
VARI -0.3039 0.7268 0.0636 0.0855
TGl -0.0896 0.2331 0.0296 0.0349
GLI -0.1684 0.4612 0.0575 0.0674
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0.0089- 0.2523 (Figure 5 and Table 3)
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Figure 5 Difference of 7 synthetic vegetation indices at locations of cassava mosaic disease: (a) GRVI

(b) VDVI (c) ExGI (d) GCC (e) VARI (f) TGI (g) GLI and (h) locations of cassava mosaic disease:
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Table 3 Basic statistical values of the different synthetic vegetation indices at locations of cassava

mosaic disease

Synthetic vegetation Values
indices Min Max Mean SD
GRVI 0.0078 0.1374 0.0578 0.0199
VDVI 0.0067 0.1780 0.0675 0.0219
ExGI 0.0089 0.2523 0.0922 0.0307
GCC 0.3363 0.4174 0.3641 0.0102
VARI 0.0152 0.2703 0.1055 0.0355
TGl 0.0023 0.1327 0.0475 0.0162
GLI 0.0089 0.2523 0.0922 0.0307
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Tnazuuwdu 1 lunsdifindawadiu q denfog
Tuthsvasuwmsdutudsndsiinlsalusnsn
wazlinzuuwdu 0 lunsdiirdvilioglutimes

AsnsanulsalussiudUzuas (Table 4) et

INFouTuLar TIUNAUINTOIURAL NS AAATINT I
LazynIsTnafuALLsIresn1snsranulsa
TupnaudUznds wui fsziuanudesiosnn
WU 1,797 sesumnudestiosnu 197 nsawad seiu
PAEETUNLNANIN 3,056 N3nad SeuALED
1AW 2,196 N3AIad uarsAuANLIEsInTign
WU 1,059 n3nwaa (Figure 6 and Table 5)

Table 4 The score values and the number of grid cells for each synthetic vegetation index fell

within the detection range and did not indicate the occurrence of cassava leaf spot disease.

Synthetic vegetation Rating Scores Total
indices 1 (pixel) 0 (pixel) (pixel)

GRVI 1,113 7,192 8,305

VDVI 3,056 5,249 8,305

ExGI 3,215 5,090 8,305

GCC 6,311 1,994 8,305

VARI 6,239 2,066 8,305

TGl 6,357 1,948 8,305

GLI 6,311 1,994 8,305
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Figure 6 The risk map of cassava mosaic disease occurrence based on the synthetic vegetation index.

Table 5 CMD risk map level, rating, pixel, and area in Sq.m., rai and percent

CMD Risk Rating (Sum) Pixel Sg.m. Rai Percent
Very low 0 1,797 1,797 1.12 21.64
Low 1-2 197 197 0.12 2.37
Medium 3-4 3,056 3,056 1.91 36.80
High 5-6 2,196 2,196 1.37 26.44
Very high 7 1,059 1,059 0.66 12.75
Total 8,305 8,305 5.19 100.00

3.5 msm’mﬁaummgné’aeﬁuamwuﬁﬂfnmﬁtN
asiinalsaluanesiuaUznag
mwmaaaummgnﬁawmLquﬁmmﬁm
nsiinlsalusafudvzuddduadadlgleisnas
Sips1esAitulans vl (Area under the curve : AUC)
sehatoyageiinsianumsiAnlsalusmaiudiusmds
finsadalfarnninauindiiu 353 qadivy
mimmaaummgﬂﬁawaumuﬁmmL?immsl,ﬁﬂ
Tsplusnsdudivznda Taeldin3esile ArcSDM
Tulusuwnsu ArcMap siefwaamnns il ROC wax
i AUC Tne pumnuviangwesAn AUC wiafiui
T5&ulAe (Area under the curve) ioandlandu 1
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11

waneIAulIfeAINT NI (Sensitivity) wag
pnuduwssoaulignees (Specificity) fandu
100% s?iwmEm’mmﬂﬂL%aﬁLﬁuﬁuﬁL?imﬁgwm
gniuunuenldegrsgnies uananid a1 AUC
fisninasiiauudugisias an AUC > 0.9 uansds
pudndulgmiBen 0.8 - 0.9 fodun 0.7 - 0.8
f19797 0.6 - 0.7 fpUIUNAN LAy < 0.6 WD
ALRIUEE [14] IINNITATIAABUANIUYNADS
Younufinudssnisiinlsalusiatudvzng
Aasignuindn AUC fldindu 0.768 Teeglu
\Neusid (Figure 7)
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Figure 7 ROC curve and area under the curve
between CMD point from field survey

(353 point) and CMD risk map.

3.6 ANUANNUSVDIAYUNYNTTUFUATIZANU
sEiuaMUAsswansinlsaluasiudUzuas

AsIAsIsRanduTus B eiuiiveswousy
WU dAdvtivessonsu (Moran’s | index) 1iniu
0.207 Faduauduiusideiufivuudundu
Tufirmafeaniu way A1 Z-score Wiy 25.099
wansliutenilanuduiusiulunisuinegiad
HedAgyn9ais p-value Wiy 0.00 (Figure 8 and
Table 6)

Moran's Index: 0.206916
z-score: 25.099332 =l
p-value: 0.000000

Significance Level Critical Value
(pvalue) (z-score)
0.01 <-2.58
2.58--1.96
“1.96 - -1.65
“1.65 - 1.65
1.65-1.96
1.96-2.58
>2.58

anooooe

Figure 8 Spatial autocorrelation (Moran’s 1)

between vegetation index and risk map

Science33-N1_00000000.indd 12

Table 6 Values of spatial autocorrelation

(Moran’s 1)

Moran’s | Index: 0.206916

Expected Index: -0.00012
Variance: 0.000068
Z-score: 25.09933
p-value: 0.00

nan1siaszinsidungunazdiuiie
wenn&al (Anselin local Moran’s ) wuin n3nwwas
vosmuidsdlunsiinlsalusinstudzudsiisien
anduiusiludiuan laendawaddvuy (H-H)
fi$1uu 332 ndnwadsmneanuhiuivdaud
Tunmsifauanisalgs Tusasiituiivinuseudng
Aflualumsiingasuiu (Hot spot) uazniniwad
a4 (LD S wau 288 n3nwadiinefuiifiieniud
Tumaiiamansais Tuneituiivinuseuth
fflanuilunsifindguiu (Cold spot) wazwungs
vosninwaaiiianduiudiduay vionisinizngu
yasdsTinssduiy (Outlier) wu nga (H-L) nSmuwad
Aunediuau 139 ndnwwad tuferinisiinmnnisal
o NSaadiiug Tr1ge uwinawadsoudndineh
Tusnsifoatu ngu (LH) ndawaddihduswau
343 n3auad tufernisiAnmgnisal a n3niad
fu fid winawadsoudiedidigeuazngu
naawaddum nuildfaruduiusludeiui vio

fifnnsinwmsniselluiuudu (Random) (Figure 9)
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Figure 9 Cluster and outlier analysis: Anselin local

Moran’s |

HAN1TILATIER Hot spot analysis (Getis-
ord Gi*) Wieldszyuinuiinsnsanulzelusis
fudgndags wud n3nwasfidanudsialsn
Tushaduduendsge (Hot spot) lnedldn Z-score
1NN 1.96 Siavun 2,295 n3awad Tnsuyady
fiszsumuidesiudesas 90 95 way 99 fsuau
256 456 Wag 1,583 N3AWAARNINAINU LAz N3Alwaa
fifimudsslunisiialsalussdudivsngs
(Cold spot) Ineiien Z-score annnn 1.96 S
2,001 n3owad lasuwladufiszduainuidesu
Sauay 90 95 uay 99 dA91uau 250 428 uay 1,323
nanadALaRy (Figure 10)
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Optimized Hot Spot Analysis of Cessava MesaicDisease risk map
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Figure 10 Hot spot analysis: Getis-Ord Gi*
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TUaNINLINABUNLANAIIATULALAITHNTAN YN
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