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Evaluation of Total Soluble Solid in Sonya Watermelon Fruits Using

Near Infrared Spectroscopy Hyperspectral Imaging Technique
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ABSTRACT

Near-infrared hyperspectral imaging (NIR-HSI) is a rapid accurate, and non-destructive
technique for analyzing the composition and internal quality of agricultural products. This study
aimed to develop a method for assessing the internal quality of the 'Sonya' watermelon cultivar
using NIR-HSI by constructing a predictive model for total soluble solids (TSS) content based on
100 watermelon samples. The reflectance spectra were measured in the wavelength range of
900-1700 nm. The obtained data were in the form of hypercube spectral data, and an equation
was created to predict the total soluble solids content using the partial least squares regression
technique. The best prediction equation had a correlation coefficient of 0.977, a root mean square
error of 0.231 °Bx and a bias of 0.047, indicating that it was effective for quality assessment.
Additionally, the absorbance values from each pixel of the hypercube data were used to create
a map showing the distribution of TSS in the watermelon samples. The findings of this study
demonstrate that NIR-HSI can effectively predict TSS content and visualize its spatial distribution
within whole watermelons, highlighting its potential application in future automated systems for

watermelon quality grading.

Keywords: total soluble solid; watermelon fruits; near infrared spectroscopy; hyperspectral

imaging technique; near infrared spectroscopy
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Spectral Imaging Ltd., Oulu, Finland) 924
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Camera of NIR-HS| System s

Light source

(Halogen lamp

Translational moving platform

Computer with

control software

Figure 1 The operation of the watermelon rotation apparatus during measurement with the NIR-

HSI device

3, Msnzivunnveudsiazanetinld
MAI9INNTINAINITAANAULEIFIBE
waaluaagnata NIR-HSI waa disig1eumaly
TUAAs1e9i9An TSS annsnAuveunslussna
TewnmsiaAn 3 91 msssamaoun TSS Tneldied e
digital refractometer (Atago PAL-1 Brix Refractometer,

Japan) g1un15iatugag 0.0 89 53.0%
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INIFIY
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sy Iagldlusunsy Evince (Prediktera, Ume,
Sweden) W aiiudieyadmiuieseiuarassemms
uer1A N NVBILAlA AT A partial least
squares regression (PLSR) Taeldlusunsy The
Unscrambler 9.8 (Camo, Oslo, Norway)
NNYayauadly 100 Ha Yanwauauns
e TSS wuadu 2 ngu Ae ngu calibration
67 #9819 uaznga validation 33 fegns dail
TSS agluya 6.21-12.00°Bx (Table 1) AnLdan
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Wanae wazfadasanasuiienaindyqin
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FHAUETIAAY 900-1,700 nm ABUNIES19aINS
finsnsraaeuAmaUng (outliers) vastoya TSS
181935 Z-score Fafiarsannaninast |2] > 3
foyaithily outlier windufitunldlunisadis
auns Weliuauwiviwazauuniodoves
Taea IvinsuSuus sd uanms i eaed yaynoy
SUNU (noise) FMEIBNISNIALAFAERS LALA 30
smoothing LUy Savitzky-Golay (Smt) first derivative
(1D) second derivative (2D) WUy Savitzky-Golay
standard normal variate (SNV) Lagmssimaia
Wuwsisanadunaudausasanadatuld tite
WuAnudalauresiiAnsgAnAuLAS
anduideyaiiiunsuiuussannsu
W duaunsyihueslewmaila PLSR Useidiu
1n835 cross—validation lagUseliuuszansnimn
AULL UEIVDIAUNITAIYANNIGAD A bA WA
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AP ARA BLRA seAY (oot mean squared
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AN 1 g9 RMSEP 611 bias A1 wagA1 factor 7

Winzaunaanudoyauazluinaly PLSR 7

) I A o 4 =
wingauastduaivinlianuaaiaedauan

A1S cross-validation G‘hﬁﬁﬂ

Table 1 Description statistics of total soluble solid (TSS) in watermelon for calibration and

validation set
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Figure 2 Original (A) and second derivative (B) spectra of watermelon
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Table 2 Statistical results for predicting total soluble solids from PLSR models using various

pretreatments
Calibration (n = 67) Prediction (n = 37)
Model Pretreatment Factors
R RMSEC R RMSECV R RMSEP Bias
1 2D 8 0.923  0.560  0.809 0.867 0.915 0.591 0.019
2 Smt+1D 10 0.929 0.284 0.770 0.500 0.815 0.492 0.051
3 Smt+2D+SNV 16 0973 0.244  0.765 0.701 0.977 0.231 0.047
a4 Smt+1D+SNV 0.863 0.894  0.830 0.988 0.876 0.934 0.043
5 Smt+2D+SNV 0.835 0.531 0.620 0.777 0.806 0.571 -0.029
6 Smt+1D 11 0878 0.391  0.692 0.609 0.769 0.555 0.123
7 Smt 13 0.890 0.412 0.674 0.705 0.790 0.615 -0.072
Smt = Savitzky-Golay smoothing
1D = Savitzky-Golay first derivative
2D = Savitzky-Golay second derivative
SNV = Standard normal variate
10.5 °Brix

Brix
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10
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Brix
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Figure 5 Total soluble solids mapping in watermelon using color illustrations from NIR-HSI system
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ABSTRACT

Sugarcane is an important economic crop in Thailand. Farmers face challenges in weed
control due to the limitations of chemical herbicides, which pose health and environmental risks,
as well as mechanical methods that are constrained by field conditions and timing. This research
aimed to design and develop a tractor-mounted weed control machine utilizing flame and hot
water, and to evaluate its performance in sugarcane fields. Two factors were tested: three levels
of forward speed and three nozzle heights (10, 20, and 30 cm). Results indicated that the flame-
based system, with a nozzle height of 10 cm and a forward speed of 8.89 km/h, achieved the
highest weed control efficiency at 100% within 7 days after treatment. The maximum temperature
at the sugarcane base reached 48.75°C, while soil moisture decreased by 0.14%. The field capacity
was 0.40 rai/h, and the field efficiency was 66.77%. LPG consumption was 10.29 ke¢/rai, with a
break-even point of 12.19 rai/year and a payback point of 67.19 rai. Meanwhile, the hot water
system, with a nozzle height of 10 cm and a speed of 8.41 km/h, achieved a maximum weed
control efficiency of 93.40% within 7 days. The maximum temperature at the sugarcane base was
33.5°C, while soil moisture increased by 0.35%. The field capacity was 0.40 rai/h, and the field
efficiency was 71.27%. LPG consumption was 15.14 kg/rai, with a break-even point of 30.48 rai/year
and a payback point of 167.95 rai. These findings suggest that the flame-based weed control
machine provides greater efficiency and economic feasibility, making it more suitable for weed

management in sugarcane fields.

Keywords: agricultural machinery; thermal weed control; flame weeder; hot water weeder
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2.) Gas tank

1.} 3-point hitch

Figure 1 Components of a tractor-mounted flame weeder
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Figure 2 Components of a tractor-mounted hot water weeder
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Table 1 Efficiency of weed control with a tractor-mounted flame weeder

Testing factors

Weed control efficiency”

Flamethrower  Travel speed (km/h) iy
height (cm) (Tractor gear) L AT 3 PAT > PAT " PAT
8.89 (Low 1) 86.53 a 98.33 a 100 a 100 a
10 13.05 (Low 2) 81.60 ab 89.51 ab 94.32 abc 94.32 ab
16.16 (Low 3) 74.72 bcd 80.96 b 86.42 cd 87.53 bc
8.89 (Low 1) 83.01 a 84.68 b 98.33 ab 92.78 ab
20 13.05 (Low 2) 80.34 abc 84.04 b 82.42 de 80.34 ¢
16.16 (Low 3) 68.89 de 84.44 b 90.37 bcd 80.74 ¢
8.89 (Low 1) 60.92 f 80.60 b 7477 e 57.22 de
30 13.05 (Low 2) 66.73 ef 90.20 ab 84.79 d 67.27d
16.16 (Low 3) 74.00 cd 87.00 b 63.57 f 50.57 e
CV (%) 11.27 6.35 13.49 21.76

Y The values followed by the same lowercase letter in the same column were not significantly different (p<0.05) according to
the Duncan’s new multiple range test analysis
¥ DAT=Days after testing
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Table 2 Efficiency of weed control with a tractor-mounted hot water weeder

Testing factors

Weed control efficiency”

Hot water nozzle Travel speed (km/h) iy

height (cm) (Tractor gear) L AT > PAT > PAT " PAT
8.41 (Low 1) 60.51 a 82.25 a 90.37 a 93.40 a

10 9.77 (Low 2) 56.44 a 80.40 a 90.10 a 90.51 a
15.63 (Low 3) 5551 a 74.89 a 86.25 a 88.81 a

8.41 (Low 1) 38.80 b 48.49 b 5387 Db 58.21 b

20 9.77 (Low 2) 33.05b 39.09 c 48.42 bc 5741 b
15.63 (Low 3) 18.75 ¢ 30.21 cd 41.67 cd 56.94 b

8.41 (Low 1) 14.32 ¢ 24.13d 36.61 de 42.22 c

30 9.77 (Low 2) 13.70 c 23.89d 2859 e 38.88 c
15.63 (Low 3) 1293 ¢ 23.70d 28.58 e 37.04 c

CV (%) 58.92 53.11 46.38 36.27

Y The values followed by the same lowercase letter in the same colurnn were not significantly different (p<0.05) according to

the Duncan’ s new multiple range test analysis
¥ DAT=Days after testing
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Figure 5 Flame temperature of flame weeder
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Figure 6 Hot water temperature of hot water
weeder
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Figure 10 Break-even point tractor-mounted

flame weeder

250

/ Break-even Point 30.48 ralfyear

area (ralfyear)

Figure 11 Break-even point tractor-mounted

hot water weeder

dyUnan1Inaasg

a

ANSNAAUUTLANS ANAITANTATVNY
AIYLAT DINITATUINUA FYAINUS DUA BN 85D
& = o v v A v v
LNSNLABS laawsaerantuivaetUarlndaving
P o | =
JOWNINADS N ANGIveIn Ul szey 10
a dil/ a @ ﬁ' t:ll
WURLATIINNUAY LazANUSUNITIARUNSTD
kNSNS Lowl Huszansanlunisnanivie
geanlung 13 5 uae 7 Tuvaensviegeu 86.53+2.07
98.33+2.89 100 wag 100% AUARU Laeiinng
winuToulUdafiUsesu 48.75°. Nsgayde
AnuvunMeluRy 0.14% Uszansmwnisyinanadals
66.77+0.27% WALANTIOULAITVIIULT LS
0.40+0.00 13/%1. azildns1nsludimmwas 10.29
nn./l3 waztAsaanIntunuA8USoun 91850
¢ o Y & a
WnINWes NeNgeuauiwuln 10 gu.aniumy
I =~ ~ & ~
LAZAULSIUNITAABUNTALNTNLADS Lowl i
UsvdvSamlunsindaduiivgsaaluag 135 uag
7 TURAINISNAEDU 60.51+2.91 82.25+6.40
90.37+4.20 hay 93.40+2.96% ANUAIRU Lag
An1sunsIdanusauludansUusesiu 33.5%.
MSRLTUIBIPNNTUMETURAY 0.35% UsEansnn
ANSYIN9IUTALS 71.27+1.23% LaSANIIOULAIS
$1M91u841s 0.40+0.01 15/, wazdlonsinsly

Wi oLl wa e 15.14 nn./ls 31nKan1sIT8nULN

M3ETITnsnens 99 43 atufl 3 Aueneu - SUNAN 2568



v v A Y

AR TN YR 8allnaa i ngsaLNINWas

—

a a d‘

fusgansnmigenineIesamdndviivenieiiou

[y

ADYNETOWNTNLHDST LUAIUUTEANTNINA1TANN

A ¥ =)

Ty AuUTeNAIeY SnTINsAUUFoaLeaNa

e

1% =

AANNU LLasYIRAUTIY

ANUBUAN

VDVOUA N WIT BNV I NS LNUATAENS
TAsensszUUn S AA e M3 T4 ugs
oMIuT s s UNSINERSHAYeMT STALASINTS
FR(KU) 51.67 ¥8¥8URA N UAN VAL UNIATYY
IAINTTUNYAT AULIAINTIUAANT ALNILEY

LR INYIAYNYATANEAST NS WUANLLNIbE

LONE15919D4

nsfivmsinueg. 2563, mamdlunma eafuing Sunsie
wioft « 7 nafmeneesdu] Sullaveu. . 28-29.
Tu: $180uT9A 99LUNY 2563, dinauisng
PIOLES FLLS.

nsud was uManens. 2564. wiAlulag sk nd o, Nau
Tanun d@dnauwauinisateveamalulad
NIUAUATUNITINYAT NITNTIUNBATUAZANNTO
TN, Lmdﬁayja: https://esc.doae.go.th/wp-
content/uploads/2022/01/A2.pdf. @uAu: 16
Tguneu 2568.

¥a591 1nla wagstiudant wulnyadiinanl. 2566. na
yasludosaguiusenmsdnnisfuiuieussyndld
Tudoeduvisg. MIaTNURTULIAIT. 20(1): €0200104.

s sUszmelng. 2568, Smsmenid ausysriuves
s Semmend gRUNNE MUY AARETTUN
yossunATIcivg Ussdiud 30 Squsu 2568,
wnia ¢l 0y a: https://www.bot. or.th/th/statistics/
interest-rate.html. @uAw: 16 Tquieu 2568.

S NUANENIIUNTE BEUARL AN 1Y, 2567. 31891U
anun1salnmsUandeeusedndnswan 2566/2567.
nqumeluladasaunauaynsd oans nedg Miseans
MEUALTTL SN UAIZNITUNTSS DAY IPANS .

78 M.

Aekrathok, P., P. Songsri, N. Jongrungklang and
S. Gonkhamdee. 2021. Efficacy of post-emergence
herbicides against important weeds of sugarcane in
North-East Thailand. Agronomy. 11(3): 429.

ESCAP and RNAM (Economic and Social Commission
for Asia and the Pacific, Regional Network for
Agricultural Machinery). 1983. RNAM Test codes
and procedures for farm machinery (12): 297. 297 p.

Gravois K., H. Viator, G. Reagan, J. Beuzelin, J. Griffin,
B. Tubana and J. Hoy. 2014. Sugarcane Production
Handbook. Louisiana State University Agricultural
Center Pub. 2859. 84 p.

Inman-Bamber, N. and D. M. Smith. 2005. Water
relations in sugarcane and response to water
deficits. Field Crops Research. 92(2-3): 185-202.

Khalig, A., N. Ahmad, M. S. Afzal, M. Yasin, H. Abdulrauf
and S. Rahseed. 2018. Impact of weed control
methods on yield and quality of sugarcane
crop. Global Scientific Journal. 6(11): 464-472.

Kristoffersen, P., A. M. Rask and S. U. Larsen. 2008.
Non-chemical weed control on traffic islands:
A comparison of the efficacy of five weed control
techniques. Weed Research. 48(2): 124-130.

Martelloni, L., C. Frasconi, M. Sportelli, M. Fontanelli, M.
Raffaelli and A. Peruzzi. 2021. Hot foam and hot
water for weed control: A comparison. Journal of
Agricultural Engineering. 52(3): 1-10.

Merfield, C. N,, J. G. Hampton and S. D. Wratten. 2017.
Efficacy of heat for weed control varies with
heat source, tractor speed, weed species and
size. New Zealand Journal of Agricultural Research.
60(4): 437-448.

Randell, T. M,, L. C. Hand, J. C. Vance and A. S.
Culpepper. 2020. Interval between sequential
glufosinate applications influences weed control in
cotton. Weed Technology. 34(4): 528-533.

Upadhyay, A., K. P. Singh, K. B. Jhala, M. Kumar and
A Salem. 2024. Non-chemical weed management:
Harnessing flame weeding for effective weed

control. Heliyon. 10(12): e32776.

Thai Agricultural Research Journal Vol. 43 No. 3 September - December 2025 251



AMULIUB8351 Exserohilum turcicum fBd15ASLUUANTULAZUSEANS NNV

a1sfindaasilunisauadlsaluludunalvgdrilnaludszmelneg
Sensitivity of Exserohilum turcicum to Carbendazim and the Fungicide’s Efficacy

in Controlling Northern Corn Leaf Blight in Thailand
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ABSTRACT

Northern corn leaf blight is caused by Exserohilum turcicum. The use of carbendazim in
combination with demethylation inhibitor fungicides is included in the recommendations for
controlling this disease in Thailand. However, the efficacy of carbendazim against £. turcicum remains
unclear. This research assessed the sensitivity of E. turcicum isolates (n = 36), collected during 2021-2022,
to carbendazim along with sequence analysis of the R2-tubulin (Tub2) gene at codons 167, 198, and
200 of the E. turcicum isolates with the highest and lowest sensitivity to carbendazim (n = 2/ group).
Field efficacy of carbendazim and other fungicides for controlling £. turcicum in sweet corn was also
determined. The results revealed that approximately half of the E. turcicum isolates exhibited ECsg
values exceeding the established baseline sensitivity (1.23-8.70 pg/mL). The frequency distribution of
ECso values showed a unimodal distribution with positive skewness, indicating a shift towards reduced
sensitivity in the population. Sequence analysis of the Tub2 gene revealed no differences between
the isolates with the highest and lowest sensitivity to carbendazim. Field trials with natural infection
revealed that carbendazim (50%SC) was less effective at disease suppression compared to
tebuconazole+trifloxystrobin (50+25%WG) and azoxystrobin+difenoconazole (20+12.5%SC), applied
at recommended rates. These findings suggest a decline in sensitivity to carbendazim within the
E. turcicum population in Thailand. The control efficacy of carbendazim on E. turcicum was relatively

low compared to the other recommended chemical mixtures.

Keywords: northern corn leaf blight; Exserohilum turcicum; carbendazim; fungicide sensitivity
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(carbendazim) 4 1© Q'Iuﬂq 11 methyl benzimidazole
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Table 1 Identity, location and GenBank accession numbers of E. turcicum obtained from this

study during 2021-2022

Location

Isolate code (GenBank accession number")

Nakhon Ratchasima

ET-NMA-9-1-1 (PV436745), ET-NMA-10-1-1 (PV436746), ET-NMA-15-1-1 (PV436747)

Ratchaburi

ET-RBR-1-2-2 (PV436748), ET-RBR-6-2-1 (PV436749)

Kamphaeng Phet

ET-KPT-1-1-1 (PV436750)

Tak

ET-TAK-1-2-1 (PV436751), ET-TAK-8-1-1 (OQ733355), ET-TAK-10-1-1 (PV436753),
ET-TAK-11-2-1 (PV436754), ET-TAK-12-1-1 (PV436755)

Mae Hong Son

ET-MSN-1-1-1 (PV436756), ET-MSN-6-1-1(PV436757), ET-MSN-7-2-1 (PV436758),
ET-MSN-8-1-1 (0Q733356), ET-MSN-10-2-1 (PV436759), ET-MSN-12-1-1 (PV436760),
ET-MSN-14-1-1 (PV436761), ET-MSN-16-1-1 (PV436762)

ET-CMI-2-1-1 (PV436763), ET-CMI-12-2-1 (PV436764), ET-CMI-19-1-1 (PV436765),

Chiang Mai
ET-CMI-21-1-1 (PV476778)
chi Rai ET-CRI-1-1-1 (PV436766), ET-CRI-3-1-1 (PV436767), ET-CRI-4-2-1 (PV436768),
iang Rai
s ET-CRI-6-1-1 (PV436769), ET-CRI-7-1-1 (PV436770)
Lop Buri ET-LRI-1-1-1 (PV436771)
ET-KRI-1-1-1 (PV436772), ET-KRI-4-1-1 (PV436773), ET-KRI-6-1-1 (PV436774),
Kanchanaburi*

ET-KRI-7-1-1 (PV436775), ET-KRI-9-1-1 (PV436776)

Nakhon Pathom* ET-NPT-1-2-1 (PV436777)

Y Accession numbers of specimens deposited in GenBank (NCBI), * Samples were obtained in 2022
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HILATEIAAABIEIRULTNTINAY £ turcicum

Lolaandu « Feusinglugmudeya GenBank

4. Uszdninamvasaisiaiilunisaauaulsalu
wuasugn
naaeuUszdnininvesarsiadluns
auaulsalulndunalugvastlnaninu
Tuanmudasugniidnisind elasssumni
2 N15NAa0d T A 8UImIe B.NTENNTUIN
2. a32y3 4 9Ugndnlnamiuiuglauind 3
NAapUTENINaTuA 1 @.A.-30 6.A. 2564 Uz
0. Tanuzaing 0. UeAn 9. y35ud Feugninle
vuusleuind 59 naaeuszinaTudl 1 a.a.-30
a.a. 2565 ManuNIaaeLuuguluudonawy ol

2 91 4 35335 ouA (1) NuAeansAsIuuAZy
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(2) Wumeansevgendalasiu+laillulauilea
(3) Wumeansiylaulea+lnsraendalasdu
Tudnsuuiihnssyliluaanudnsdo (Table 2)
war (4) Wuadgulan (38AruAw) edansiadl
o v & ' Ao a a
HauFenlddnlunguansiniinduseansnings
Tunispruaulsalulndunalvg (ladssuuas
ALY, 2552; I51NT0LATANY, 2558) Wardn1shy
Tui uil Ugndralwavui adlunisiiusiusy
lolganias Uanuuuwaig saan3ne 120 9. Ugn
NANAUTBWI @D J8mINAY 30 WU, Nauay
2 wian oeulivde 1 fumau Weeny 15 Ju lady
2 59 AT 1 Watilweeny 25-30 Tu ldde
15-15-15 90151 30 nn./ls ASaN 2 etilnmeny
40-45 Ju lddu 46-0-0 8931 30 nn./l5 Faniu
= aa ngl A

a1suadnunssuds 2 ave lussezeannenvie
918 45 U uay 60 T il adlnelony 65 Ju
duiululuuaznssiis 50 fu duduauuwne/fu
° § & & a4 v = = Y

AW Uas g Ui LN A 8/M U T Bud Ui uYn

A o s & & a

AuANL aAwIUeT I udn1sanUTu1lsa
AATIENANUUUTUTINVDIUBYANIETT ANOVA
WAZAIULANAI9VBIA AR BA8IT Duncan’s

multiple range test

NANISNAAILAZINTAl

1. msuszdiuszauaulivesasuun@ulu
msdudaduledes

A1 ECso vosansasuumdalunisduds
duledon £ turcicum ogflutiag 1.23-670.19
pe/mL lnesiAnsisegu 1024 ug/mL wase Nd Bt
A1AILARIALAT BUNINTFIU (SE) 62.36224.59
ug/mL (Figure 1A) Waiien ECsolunisdudadosn
lelaaniileansiadiaauandnaiu 504.8 1vin

4 = o = l = v
Wewisuiuleluanithsieansiniigean uandld
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Wina1ussennsid esinelsaluludunalng
19 36 taloan denukusiusuanulineans
ANSLUUANTUDYINUIN FIADAAADINUNTINLAN
d' o ds‘u 1
k9D I uIUlelelamY a5 maaauluLAay
919U99A1 ECso Nb@NIANWULNITNTZANUR LU
JULUUNTHINLATg LRI duI (Figure 1B)
Fmud e ulfeasAs Ll uUANT UV UT D51

naaovluuIdedanseauas (A1 ECso d93)

v v
v a

W9 N1INAABUAIIUUANGA 938NI 1A VBY
yndayaluusiazaassedua ECs wuindesn 17
Toloian w3e 47.22% Tafien ECs, Tutna 1.23-
8.70 pg/mL ToiAn p-value 0.078 F3geninssiu
Fed1iey (0>0.05) Fatiurn ECsolugaasanaa
lainanspnuuanateius g1l vedAyn19an f
w3onanliindurastoyan ECs 7ifinsuan
LaawuuUNA wadur ECs lugas 1.23-8.70
ug/mL #1afsanluan baseline sensitivity
v09UsE N8 891 E. turcicum 3 953u57alud
WAl 2564-2565 (Figure 18) staiinudn lolwan
WesmedeulurudTeiingt 52.78% waneen
AulIeA1IANTIUUAITHEINIAT baseline
sensitivity @ 1WA ualelsiandaulng finns

Usumlpeiiszaunnulifeaisasiuunduanas

(%
= 6 A

feoraduteoushinmefauumesaeiugides
figunusearsasivundululsznndes
nelsaluludunalugvesdilnaluussialneg
o114 He et al. (2020) I¥danguawladioans
ASLUUANTUTDN S. sclerotiorum Wae B. cinerea
Tnendafiuansan ECs; tioundn 1 pg/mL dnoglu
nquileftlasoasiall (sensitivity) liofiuansdn
ECso 110N31 1 pg/mL wsitdoendn 10 pug/mlL dnag
Tungusumusieansiedluszius (ow resistance)

WoluansA ECso 11nA71 10 ug/mL uatiasnin
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100 pg/mL Ynaglunguatuniuseansiad by
seauUIunaie (moderate resistance) LAl
LaRAIAT ECso 11NN37 100 pg/ml ﬁ’masﬂuﬂq'm
¥ 1 = . . Q’J’ dy
AIUNIUABATITLAU G (high resistance) N aU
NuUITdnul eauliseansasiuuaguly
ynlelelanvauiosmMagaukanIA1 ECso 11NN
v & I Pl .

1 pg/mL dstiueraululardn £ turdicum ynleluan
ldl a o JQJ 1 1 v 1

Aunulalunuideldneglunguduniuse
A15ANS L UUANTY 1AL 851 50% N1 59USIU U
NUIATIL A UNIUAE1TANS L UUATUTUSE AU

Urunanaiiag fsdu nsldansasiuuanduead

Mean + SE = 62.30 + 24.59 ug/mL
Median = 10.24 pg/mL

>

o
&

&
2

= 27939

= 20874

== 5364

e 70,19

1502
140
120

EC,, values (pg/mL)

=

S ——

. === p-value = 0.078, range of EC5,=1.23-8.70 ug/mL
: (n=17)

p-value < 0.010, (n=19)

Frequency

-
|
sl ]

Figure 1 Sensitivity of E. turcium (n=36 isolates) to
carbendazim. (A) Carbendazim sensitivity
of each isolate represented as ECsg value
(ug/mL) with mean+SE and median. (B)
Frequency distribution of carbendazim
sensitivity in £. turcicum population (n=36).
The Shapiro-Wilk test was performed for
a test of normality, and p>0.05 indicates
normal distribution of the data. The range
of ECsp values within the normally distributed

data represents the baseline sensitivity

UszAnsnmsilunisauauidonelsalulud
unalngluunsiiufivessumalne eflmantside
atuilaonadpefusuideves De Rossi et al.
(2015) Fanuindesnelsalulndunalngdriine
nnleloanisusalfanuszmaenauiuuay
us¥adnegylungulilidearsarsivundy
(carbendazim insensitivity) Wag3gy31815.A%

srananluiduiuse £ turcicum

2. nMsasrvdevanuindlalnaudiaduiudi
yyau2 luleleianiluansdn EC50 Auazgegn

lelmandoniiiamalwoansmiuumas
qeaALanIA ECsoaneantolaianid a9l
anuladeaIsasiuuadusnaniia 544.8 Lvin
Famsremevanuigiuiinelii seduanulasie
415075 UUAIT T wANE1IT LR 19N TENTINS
é’hLmulaIszLam%aiwﬁlwiamimﬁﬁwqmLLazqqqm
Tugesduusnijy 9130a1LUALANIINNITNAY
U naB Tub2 Adumidlaneu 167 198 uaz
200 9 nnisenuanuilndlolvea usiudu Tub2
¥0uT 051 £ turcicum lelsian MSN12-3-1 uay
KRI6-1-1 Fanansanuladeansasiuuaduman
wazlolean NPT1-2-1 wag MSN7-2-1 & audnq
rubwieasialigege swdaduindlalng
vosdudana91nden £ turcicum anowug
Et28A (accession number = XM 008032318)
E. turcicum isolate ET001 (accession number =
KU670340) way E. turcicum isolate Et-09
(accession number = PV778075) Wuin 1385114
7 lolgian wansarwnuilindlelnausnulanou
167 198 wag 200 1idlaunu (Figure 2) Ingfuinus
Tanau167 wunswlasiansnezd luvilalnlsdu
il Liu etal. (2019) FIg9uieglLuUNINaTY

v & a a v a a o |
WuﬁqUﬁL'ﬁﬂJﬂ‘ULUmqmuau%G]']LLM‘UQI?]W@U].67
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nfidaszardu (AW swdulnlsdu 4
APUFUNUS A UAIIUA TUNIUAITANT LUUAT Y
sefuUunens uernludndnasandloSsuiio
fuguvunsnaneiugdu q lulssrnades
F. eraminearum n®lsA Fusarium head blight
Y madlunumaenuiuvesUssvaiu ol
ATl nunsnesdTurdalvlsdu 7 duns
Taneu167 lushunulelwamidon £ turcicum
4 4 lolwiay sufennfinsanmsiandusedu
AIUAIUNIUAIT L UUAITUTAED 19T 991U VDY
He et al. (2020) FunuleleaniFondinanon
Tneglunguimumiusonsuumdy sglsiny
Afedssliaunsoaguldoeadmauininlsdy
Ausnglusuntadsnaniiannuieadestunis
Fumuasasiuuanda esandeyadisda
W vty aanewusLd o9 £ tucicum iny
A aozanduil dumislaneu1s7 1t oldlunns
WieuiAes Taudenatayannulilunisnevaues
MBANSLUNANTUYRY £, turcicum @eWug Et28A
loloian ET001 uag Et-09 1ufy siaidululy
Ninlsudunsnozdlunusssuv@ (wild-type)
i sunulaneu167 veud 831 £ turcicum
\osnnsnsaaeudiduianalelndfimumiis
Aananabu £ turcicum anewug Et28A lolwian
ET001 wag Et-09 (Figure 2) saudislolotandu q
anuafivsnglugrudeya GenBank (n = 15)
(Lilduanstaya) wuin drduilmdlelndusim
lanauiinauwlasiansnezilurialnlsguluyn
Lalgian dmsunisnsiaaauainuilanilelng
Uinnshunislanaudl 198 uay 200 Tuidosis
7lelgwan wunsanaadnuasildaszaiily

o

o v = o &y o & v
n1uaNny ‘ZNEJQF’NLngﬂLLUUIﬂ@@uVI?{NW‘UﬁﬂU
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anwugvenresniauligilunisnevauese
ANSASHUUATY
W & & Ao
NaUALVULT DI MARBUT 1T lalaLan
Mlasoansiniiatantasianaaddfiuwsn wun1s
wlaswalanauludiunus 167 198 way 200 1du
a a = o = o U
nsARellurdamennu A Y E way F auaisu
v < 1 o 1 Y] 1 =1
ARl LA U 1e Uy slanaunsna 2 lyd
ANMUAUNUSAUTEAUAMULREE15ANS L UUATY
nuansinanuededslunguienaaeu el n13

ADUAUBIABAITANSIUUAITUNLANAIIAULUDND

a

¥ U o ! dl 1 dl
W EDIRUALNUIlANBUD U ‘] bTU lAnaudn 6

sUWUU H6N Fanulu F. graminearum lelwian

e

AUl e aansng uuLT mlealagny
maA suuasandanau (H) Tud uweansdu (N)
(Sevastos et al., 2016) n3alanaui 134 3UuUY
Q134L (ngafuiduddu) uazlanoui 351
suuuu 17351 (3lefululeladadu) Faduny
1n835n15Tn1U" Fusarium proliferatum TLAn
n1snanesiugsioansasiuun@uluasnnnaed
(in vitro) (Xu et al., 2019) wananianadululs
nleleian E. turcicum Aifiaulanearsansiuu
aduluseauadssenuluanuideld endunaln
au 9 TlumsiumusaansAsluuAE AaUsng
TusAdewes Song et al. (2012) INUINNTATLUNIY
a19LAN AT LUUAIT UV [saria fumosorosea
& & "% Y] v sa
Wosluwuasiulilaeidenalnnisnanewuga
Fumdsguiudyyiu wiendunalnnisiiunis
a . A o ' a Y o
uanseonveBu ifT1 lneduninarieidesiv
nsaslushvlunsihmihnvudduananiuege
VA 13871380791 ABC transporters Liveansesy
a A [ a e & gj

sy oarrnuluiwuesansiailluwad Ay
nsAnwienalnnisinuniuansaisiuunduly

W99 E. turcicum Msinsesivasuainuazily
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Neurislanaudu 9 909 Tub2 $21A8 D
YeensAnwiliseungudsnalnnisiuniuens

AU Faluguuuudu 09 fanunisuanseen

vesB N TMUANTas MlusAvlungu ABC transporters
A o v P & .
wievhanudnlatienalnueadest £ turcicum

Tunsususieanseauanulimeass LBy

Y
167
Et28A CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACATACTCGGTCGTCCCCTC 60
ET001 CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCTACATAGTCGGTCGTCCCCTC 60
ET-09 CTCCAAGATCCGTGAGGAGWCCCCGACCGCATGATGGCTACATACTCGGTCGTCCCCTC 60
NPT1-2-1  CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATG GCCACATAGTCGGTCGTCCCCTC 60
MSN 7-2-1 CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATG GCCACA TAGTCGGTCGTCCCCTC 60
KRI6-1-1  CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACATA _G:TCGGTCGTCCCCTC 60
MSN 12-3-1 CTCCAAGATCCGTGAGGAGTTCCCCGACCGCATGATGGCCACATA __,QTCGGTCGTCCCCTC 60
e e e e e e ol o ke b vl e e ke ol ok ol ol v e o ok sk ok e sl e o ke ke ok e e dle e o gk e e i e ook e ok ol o vl e vl o o s e ok o e e e e o ok e e e
Et28A GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
ETOO1 GCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACCCTCTCCATCCACCAGCT 120
ET-09 GCCCAAGGTCTCCGACACCGTTGTCGAGCCCTACAACGCCACCCTCTCCATCCACCAGCT 120
NPT 1-2-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
MSN 7-2-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
KRl 6-1-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
MSN 12-3-1 GCCCAAGGTCTCCGACACGGTTGTCGAGCCCTACAACGCCACCCTCTCGATCCACCAGCT 120
dkhkk Ak ko ko hkkkdkdkdkdkkk dkdkk kb dkkrkw ko d Ak dedkddr koo dedkokde ook dde ok ke ok
E F
138 200
Et28A GGTGGAGAACTCTGACGAGAC({JTGCATTGACAACGAGGCTCTCTACGACAT[TGCAT 180
ETOO1 GGTI'GAGAACTCTGACGAGF;CC'ITC!'GTATCGACAACGAGGCI'CTCTACGACATCTGCAT 130
ET-09 GGTTGAGAACTCTGACGAGACQ’H_TGTATCGACAACGAGGCTCTCTACG&CATCTGCAT 180
NPT1-2-1 GGTGGAGAACTCTGACGAGACGTTGIGCATTGACAACGAGGCTCTCTACGACATTTGCAT 180
MSN 7-2-1 GGTGGAGAACTCTGACGAGACC_C!I‘GCATTGACAACGAG GCTCTCTACGACATTTGCAT 180
KRI 6-1-1 GGTGGAGAACTCTGACGAGACCTI’CI’GCATTGACAACGAG GCTCTCTACGACATTTGCAT 180
MSN 12-3-1 GGTGGAGAACTCTGACGAGACCWUGCATTGACAACGAG GCTCTCTACGACATTTGCAT 180

Edk k‘kx*****\\***\Ex****r*\\*x**\kwu kw kkkkdhdrEadkhidbb kR i kb hhhkhdd khkdkw

Figure 2 Comparison of nucleotide and amino acid sequences at codons 167, 198, and

200 in the partial

nucleotide sequences of the E. turcicum f3;-tubulin (Tub2) region among the most highly sensitive
isolates (NPT 1-2-1 and MSN 7-2-1) and less sensitive isolates (KRl 6-1-1 and MSN 12-3-1) to

carbendazim, alongside the reference strain £ turcicum Et28A (GenBank accession no. XM _008032318),

E. turcicum isolate ET001 (accession number = KU670340) and E. turcicum isolate Et-09 (accession
number = PV778075). Mutations at codons F167Y, E198A/V/G/L/K/Q, and F200Y in the Tub2 gene are

commonly associated with resistance to carbendazim. Asterisks indicate positions with identical

nucleotides across sequences, while red letters represent nucleotide polymorphisms observed in

certain isolates

3. Ysgndamvasaisiaiilunisaauaulsaly
wuasugn
Uszdnsnmnismuaulsalulusiunalvg
v A a & . v
YIINNATLAANINMBSI E. turcicum Tut13tng
NIUN UG Lausng3 wazlauind59 da1ny
d@anAananu (Table 2) NNSRANUANTANSLUUMTL
= a a a v v 1
Juszansnmlunisasnisiialsalatasninnisg
= 1 = 1 = a =
AANUANSLATINALTENINDEYRNTALATOU+ AT LU

Taunlea waziiylaulea+lnsnaendalnstu

Thai Agricultural Research Journal Vol. 43 No. 3 September - December 2025

mmé’mmuzﬁﬁﬁzqﬁaam Tneamzeteily
wasugndlnanuiugleuings dedady
Wuggouwe (35105aluazAng, 2558) WU
Usgansnmlunisanlsaresansasiuunuton
nIInMs3aviuansiAtnaua 2 n55u3E 2.82 uaz
1.74 W1 @U@ @1usunisnadeulundas
F1lnAnURUSlEusNg59 nudn nsdeniuans
ASLUUAITLLEnIUsEANSAlun1sanlsatlay

1 a 1 = 5 aa
NIINITRANUAITLANNANNT 2 NTIUIT 1.43 LAy
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1.35 Wi snuaau Natlansiedinauesaendalasiur
loiluleunla wasiiylewlea+lasvaondalasiu
I = J 1 a1 1
Juasiadnausenitanguansiadaiengunaln
£ = v = !
N3BRNEVS PeUsenaumBanTAlaNNgy DMI uag
Qol lngansiaiinauNnguAIna iU ansam
gelunsmuaulsalulndiunalugdlnaluwdas
Ugnuesansizoisni (Weems, 2016) silansiall
= o 1Y) 1 |
Fanuzgdnn en1sdanislsaluludunalug
Tudsgmalnedudanui satesdungunaln

N1590N495 3na U 3 U L wn g MBC b un

ey nga DMITsIuA Teitlulensilom Tnsiilennlssa
fiylaulea wazdnendlaulva uazanngu Qol
8un exwondalnstiu uazlnsvaondalnsdu sl
AMarssaazang (2552) S189U71 ASRANUENT
AfLuunIdunaniuatssnend launlea @13
pygandalasUunaunuasiailulauiloauwazans
Tnsilauloaidui oo unuainisveslse
wansuseans nnlunisdesiumdnlsalulugd

unalvievesimlnalan

Table 2 Efficacy of fungicides in controlling Northern corn leaf blight caused by Exserohilum

turcicum in sweet corn cultivars, Hy-brix3 and Hy-brix59

Treatment Application rate/ Average leaf lesions/plant” Disease reduction?
1 L of water (%) (%)
Hy-brix3 Hy-brix59 Hy-brix3 Hy-brix59
Carbendazim 1.5 mL 31.11+2.11 ¢ 22.12+1.67 ¢ 18.65 39.79
(50%SC)
Azoxystrobin + 0.5 mL 18.16+1.05 a 15.88+1.02 a 5251 56.78

difenoconazole

(20%+12.5% SQO)

(2.82-fold)”  (1.43-fold)

Tebuconazole + 0.6¢ 25.82+1.68 b 16.98+0.65 b 32.48 53.78
trifloxystrobin (1.74-fold) (1.35-fold)
(50%+25% WG)

Water 38.24+2.83 d 36.74+2.30 d

Y Means+SD in the same column followed by the same letter are not significantly different at the 5% level, according to DMRT

¥ Disease reduction (%) = [(Disease in control — Disease in treatment) / Disease in control] x 100

¥Values in parentheses represent the fold decrease in disease control efficacy of carbendazim relative to fungicide mixtures,

calculated as: disease reduction (%) of fungicide mixture + disease reduction (%) of carbendazim

aila nsldansansiuun@uiianisaiuay
Lsalulndunalugusinglunuidsuasaiuusii
Ao | fa o ° % & a
nilagusauiy wuzihildarsasivunduly
1Y ! 'y a | Y 1 a A
anwazsmvasaiainngy DMI lawn Swend
Taulaa A9y ASANWIUSLANS NI NUeIans
ANSLUUANDUAS D lUAITRANT UL ANNSSUITAS

aanulugUuuunanivaisnay DMI LiveyseLiiy

UsgAnSarmvesansiaduaudanaidngeng
aoandoafuMuuriidogiiunieli Toya
aananaziulsslevilunisusulauuimnienis
THansidmdesienivaulsalulvsiunalng
mlnalulsswelvelasg ey uazaenad og
fuaniunisalfianulideansensiuumdsmes

Usen560951 E. turcicum Thuiluianad
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N1sNeEaUAU LIFBANTANSIUUATUVD
W@ elsaluludunalvg912lua 36 Tolaian
PUIT AN ECsp09d15A15UUATUTUNSEUES
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dl o lﬁ’l
pg/mL ns1uanuasAuiTwIulelaanias
NAAaUTULARZYIIUDIAT ECsp ANIANWULANT
N5¥218A 2 U ULUUNITHANLIIFIUT BULA 67
W sudaleluandingi 52.78% wansA1anuln
FDA1IASIUUATUGINTIAT baseline sensitivity
(1.23-8.70 pg/mL) Flsiudn lelwiandulng
= U L% = % 1 6 a
fnsusumleeiiseauanulimeansans iUty
o v a = s a A
anad N1sAsIvasvaInubIfale AN US UEU
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AMUVaINTAIELaTFUFIUINGI1VBNYENS Portulaca L. (Portulacaceae)

Diversity and Morphology of Portulaca L. (Portulacaceae)
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ABSTRACT

Many species of Portulaca L. (Portulacaceae) pose a significant risk of spreading in
agroecosystems as weeds. Contamination of agricultural products by these plants may
significantly impact international trade. Effective prevention should be based on the knowledge
of their botanical names. This research aimed to study the diversity and morphology of the genus
Portulaca by surveying plants in agroecosystems and related distribution areas, collecting
samples, recording morphological data, and identifying the collected specimens. A total of
25 plant samples were collected, and 7 species were identified based on morphological
characteristics: P. amilis Speg., P. grandiflora Hook., P. oleracea L., P. pilosa L., P. quadrifida L.,
P. umbraticola Kunth, and Portulaca sp. The study found that P. amilis and P. umbraticola have
never been previously reported in Thailand. The distribution of P. oleracea, P. pilosa, P. quadrifida
and Portulaca sp. showed their status as weeds in agricultural areas that should be monitored.
Meanwhile, P. amilis, P. grandiflora and P. umbraticola were mostly found as ornamental plants
in community areas. All plants found can serve as a reference database for plant protection and

development in the future.

Keywords: botanical name; ornamental plant; purslane; weed

Y dinAuasesiugiiy a.maledu a1mend a9dng nanne 10900

Y Plant Varieties Protection Office, Phahonyothin Rd., Lat Yao, Chatuchak, Bangkok 10900, Thailand

7 dninideimuiniseninuiiie avmaledu a1mend andng ngamne 10900

¥ plant Protection Research and Development Office, Phahonyothin Rd., Lat Yao, Chatuchak, Bangkok 10900, Thailand

* Corresponding author: kpruesapan@gmail.com

Thai Agricultural Research Journal Vol. 43 No. 3 September - December 2025 265



UNANED
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Table 1 Grouping of examined specimens of Portulaca spp. (All samples deposited at Bangkok

Herbarium, Department of Agriculture)

Group Botanical name Collector no.  Herbarium Collected areas
no. registered District Province
no. (Floristic region)
1 Portulaca amilis Speg. KP2021-14" BK082365 Chatuchak Bangkok (C)
Kp-CV5* BK067632 Bang Yai Nonthaburi (C)
2 Portulaca grandiflora Hook. Kp-Ccv1* BK 067631  Chum Phae Khon Kaen (NE)
KP2015-25" BK 068176  Chum Phae Khon Kaen (NE)
3 Portulaca oleracea L. KP2013-4* BK 067615  Muang Kanchanaburi (SW)
KP2013-9* BK 067619  Phon Phisai Nong Khai (NE)
KP2013-10* BK 067620  Phon Phisai Nong Khai (NE)
KP2013-14* BK 067621  Nam Pong Khon Kaen (NE)
KP150513-6*  BK 067622  Muang Chiang Mai (N)
KP260613-5** BK 067626  Sob Moei Mae Hong Son (N)
KP080114* BK 067630  Tha Muang Kanchanaburi (SW)
KP2015-5* BK 068170  Chiang Dao Chiang Mai (N)
KP2011-85* BK 064400  Takua Pa Phangnga (PEN)
4 Portulaca pilosa L. KP2011-66**  BK 068311  Pak Meng Trang (PEN)
KP250613-2"  BK 067625  Muang Tak (N)
SZ3365%* BK 085267  Muang Tak (N)
KP2019-45**  BK 070948  Bang Bua Thong Nonthaburi (C)
5 Portulaca quadrifida L. KP2013-5 BK 067616  Kamphaeng Saen Nakhon Pathom (C)
KP2013-7* BK 067617  Nong Hin Loei (NE)
KP270613-1*  BK 067627  Mae Sariang Mae Hong Son (N)
KP050613" BK 067623  Jatuchak Bangkok (C)
6 Portulaca umbraticola Kunth ~ KP-CV8* BK 067634  Mae Sariang Mae Hong Son (N)
7 Portulaca sp. KP2013-8* BK 067618  Phon Phisai Nong Khai (NE)
KP250613-1**  BK 067624  Muang Tak (N)
KP2015-6* BK 068171  Chai Prakamn Chiang Mai (N)

Remarks: 1) * = Weed in agricultural areas,

= Weed outside agricultural areas, * = Ornamental plant

2) Floristic regions: Northern = N, North-Eastern = NE, Central = C, South-Western = SW, Peninsular = PEN
3) Collector numbers start with KP = collected by K. Pruesapan, SZ = collected by S. Zungsontiporn
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3.1 3U3s1uvilaves Portulaca L.

1a. TUIS 89959973 aNfuLeN?Te ABNLAYY NAUADN 4 NAU

Potulaca quadrifida (n&gy 5)

1b. Tuesadu aviulidueniite sendungu nduaen 5 ndu weuINNI 2

2a. liflvunyluvseditesuin

3a. NakiiUnmMndausauus nulaEUn

da. SIAUFUINIAEIDIEUINIALAY ABNELNADI

ab. @PUFLYYI ABNEV

3b wadlilatavenadudnninsdeuseuusnaldrln

2b. fpuiyluiudn
5a. TukuuyuInLan

5b. Tunsanszuanisen

6a. AONLAN LEUNLALINATT 0.5-1.2 B,

6b. panlvigy EusUAUENAI 2.5-5.5 @y,

3.2 ANUSTYIUTIUAZLD IANSNONEANERT
Ud9 Portulaca L.
3.2.1 Portulaca amilis Speg. (Figure 1A-0)
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3.2.2 Portulaca grandiflora Hook.

(Figure 1D-F)
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3.2.3 Portulaca oleracea L. (Figure 1 G)
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Figure 1 Portulaca amilis Speg., A: habit, B: flowers, C: fruit and seeds; P. grandiflora Hook., D: habit,

E: flowers, F: stigmas; P. oleracea L., G: habit, H: flowers, I: fruit and seeds; P. pilosa L.,

J: habit, K: flower, L: opened fruit showing seeds with densely trichomes

3.2.4 Portulaca pilosa L. (Figure 1)-1)
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3.2.5 Portulaca quadiifida L. (Fisure 2 ACQ)
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3.2.6 Portulaca umbraticola Kunth
(Figure 2D-F)

Fo@sley: Wingpod Purslane

& v =" = o v

Wyauan 1yl 874 Y Nenuay
N3oARUTNRT Y galaie 22 gu. uanaivily
Toasau NN eMIRD 20 93, 930U RAS8UNaes
AUNM1a 820 98UINNALAY TYUTUIANTLLF

v = A a ) = &
WAt okl U 1Se9aau saUNAsIs ey
Wounseiudy nsawuy Asuluniegule-gUay
“303UMe 817 1-3.5 93. 319 0.2-1.5 @3, 1A
=l & L% = dy

aaULsen Yansuunsesn vaulutseu wilalueiu
RNA89 NMUluARLNN JUUUIUINPNUT 298N
sonlunguuiu 3-6 nen lufiaudnagulausen
1lulszau 4-5Tu man urnlng tdunu
AudNane 1.5-3 a3, n3elngni1 NAULAeEIUeN

¥ 1 v

Judueanenszgng sUlining 817 0.2-0.4 au.
WouRniuiigiuduiosns 0.2-0.3 au. Wudu
1 1 = = d{l a U dl 1 U

3338 nAusen 5 ndu Wwendniungu sultndu
v3o3Ulune ©13 0.8-1.5 9u. 1919 0.3-0.6 F4l.
Yangnaunvaunsaidufavay nauainisg du
VI0UUY LNATINAR 7-30 64 813 0.12-0.4 .
v U =l = U 1 1 v =

Augdusaydwvdeda Salunseguly Aunasmede
812 0.2-0.5 @31, gaanasneAdlelenidu 5-18 wan

E‘ULLO‘U 917UTEU0 0.1 9. A8 WUUNAWAILAN

M3ETITnsnens 99 43 atufl 3 Aueneu - SUNAN 2568



yssgulinduvionssgning Uaneuvaus Sileide
Y1 dulnning 0.1-0.2 93, dousauNAUSLIN
o100 wadidur1uAugNang 0.3-0.5 3. uan
FANHYINATINANG LUFA I1WuN Fin 3Unay
vietLEmenn NS Wsinugudnans 00501 au.

fluazidengunsananesund uasivuend

galiipeisroaulunssungnuis
voslny Tnidladaindu P oleracea %3e
P. grandiflora viselUu hybrid vesisaosia iosan

Jamukazluninemanenu P. oleracea (Jia et al.,

2017) wazdld@runenaaenu P. erandiflora

Figure 2 Portulaca quadrifida L., A: habit, B: flower branch showing trichomes at node, C: seed,

P. umbraticola Kunth, D: habit, E flowers, F: fruit; Portulaca sp., G: habit, H: flowers,

I: fruit and seeds

3.2.7 Portulaca sp. (Figure 2G-I)
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ABSTRACT

An ideal cassava variety should exhibit high potential and stability in key agronomic traits
under diverse environmental conditions. This research aimed to assess the potential and stability
of fresh root yield, starch content and starch yield in promising cassava lines series 2018 across
14 environments under field conditions during 2023-2024. Three promising lines, CMR61-51-39,
CMR61-52-113 and CMR61-52-134 with 3 check varieties, DOA Rayong5, DOA Rayong9 and
Kasetsart50, were evaluated using a randomized complete block design with 4 replications.
The potential and stability of genotypes were assessed using GGE biplot analysis. The results
revealed that CMR61-52-134 exhibited high potential and stability in fresh root yield, starch
content and starch yield, with an average fresh root yield of 5,868 kg/rai, starch content of 22.4%,
and starch yield of 1,359 kg/rai. Therefore, CMR61-52-134 was selected as an elite line for further

study to obtain field management practice recommendation.

Keywords: GGE biplot; cassava; potential; stability
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Figure 1 What-won-where (A) and GGE biplot-genotype (B) of GGE biplot for fresh root yield of

promising hybrid cassava series 2018 evaluated across 14 locations during 2023 to 2024
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Figure 2 What-won-where (A) and GGE biplot-genotype (B) of GGE biplot for starch yield of

promising hybrid cassava series 2018 evaluated across 14 locations during 2023 to 2024
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ABSTRACT

Evaluating the yield performance of new cassava varieties under diverse environmental
conditions is a crucial step in identifying promising varieties for dissemination to farmers. The
objective of this research was to evaluate the yield potential and textural quality of 2017 edible
cassava hybrids across multiple environments. A randomized complete block design in three
replications was conducted from May 2022 to May 2023 across six environments—Rayong, Khon
Kaen, Sukhothai, Lop Buri, Kanchanaburi, and Songkhla provinces—using four edible cassava
hybrids (CMRE60-03-02, CMRE60-03-13, OMRE60-01-02, and OMRE60-02-12) and two check
varieties (Hanatee and DOA Rayong2). The results from combined analysis of variance indicated
that the OMRE60-01-02, CMRE60-03-13, and CMRE60-03-02 lines had similar average fresh root
yield of 4,794, 4,538 and 4,207 kg/rai, respectively. These three varieties showed significantly
higher average fresh root yield than the two check varieties, being 70, 61 and 49% higher than
Hanatee, and 57, 48 and 38% higher than DOA Rayong2, respectively. The GGE biplot analysis
indicated that the OMRE60-01-02 line had the highest average fresh root yield and high yield
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stability, while the CMRE60-03-13 line exhibited
lower yield stability but no significant difference
in average fresh root yield with the OMRE60-01-02
line. Meanwhile, Hanatee exhibited the highest
yield stability but the lowest yield. Steamed
cassava from the CMRE60-03-13 line had a
higher textural quality than that from Hanatee
and OMRE60-01-02. Therefore, the hybrid cassava
line CMRE60-03-13 is suitable for recommendation
to farmers due to its high yield and desirable

textural quality when steamed.

Keywords: edible cassava; yield performance;
steamed cassava; texture; GGE analysis
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Table 1 HCN, hardness and adhesiveness of cassava steam from six cassava lines/varieties

Lines/varieties HCN Steamed cassava
(ppm) Hardness (g) Adhesiveness (g.sec)

CMRE60-03-02 400 704.2 5,712 c
CMRE60-03-13 300 515.2 3,658 a
OMRE60-01-02 350 745.5 5,441 c
OMRE60-02-12 250 486.5 4,063 ab

DOA Rayong?2 350 870.0 4,855 bc
Hanatee 125 553.7 3,864 ab
Mean 296 645.8 4,599

CV (%) 50.4 34.1 14.7

Means in the same column followed by a common type of letter are not significantly different at the 5% level by DMRT

Figure 1 Six steamed cassava lines/varieties: (A) CMRE60-03-02; (B) CMRE60-03-13; (C) OMRE60-01-02;
(D) OMRE60-02-12; (E) Hanatee; (F) DOA Rayong?2

2. Ysuaulwenlua
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Table 2 The chemical compositions of cassava six lines/varieties

Main nutrients

Lines/Varieties Moisture Protein Fat Ash  Total carbohydrate Total energy Energy from
(%) (%) (%) (%) (%) (kcal/100g)  fat (kcal/100g)
CMRE60-03-02 73.66 0.33 036 0.73 24.92 104.24 3.24
CMRE60-03-13 68.36 0.32 037 0.68 30.27 125.69 3.33
OMRE60-01-02 63.65 0.41 0.43 0.87 34.64 144.07 3.87
OMRE60-02-12 68.34 0.70 030 0.96 29.70 124.30 2.70
DOA Rayong2 68.96 0.30 0.22 0.68 29.84 122.54 1.98
Hanatee 69.54 0.26 0.27 0.60 29.33 120.79 2.43

Table 3 Mean square of combined analysis on fresh root yield and starch content of six cassava

lines/varieties across six environments

Source of variation Df Fresh root yield Starch content
Environment (E) 5 48,924,109** 879.8**
Genotype (G) 5 19,827,394** 90.6**
GxE 25 3,273,122** 259
Error 90 625,924 6.6

* Significantly difference at p<0.05, ** Significantly difference at p<0.01
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49an 6,781 uag 5,667 nn/l3 anud1du gend

s

WUS U waznIn. Se8092 oyl edAny
NEDH (Table 4)

e arsannislinand sianad evi< 6
@MU MAdeU U1 aeviug OMRE60-01-02 v
wawﬁmaﬁ'aqﬂqm 4,794 nn./l5 098911 Ao
CMRE60-03-13 Way CMRE60-03-02 i T wands
128y 4,538 way 4,207 nn./13 Taesia 3 anenug
Tnananadegeninfusiuni 70 61 wag 49%
auady Tneuginuilinandniianiade
2,824 nn./l3 (Table 4)

Table 4 Fresh root yield of six cassava lines/varieties evaluated across six locations in 2022/2023

Fresh root yield (kg/rai)

Relative to check (%)

Lines/varieties G-Mean
RY KK STI LRI KRI SKA Hanatee ~ DOA Rayong2

CMRE60-03-02 3,858 4,155 a 6,300b 2810a 5,427 ab 2,692 4,207 a 149 138
CMRE60-03-13 2,956 3,638abc  9,000a 3,165a 5,667 a 2,803 4,538 a 161 148
OMRE60-01-02 2,894 3,909 ab 8202a 3,173 a 6,781 a 3,778 4,794 a 170 157
OMRE60-02-12 2,356 2,517 ¢ 4578 ¢ 1,314 bc 4,000 bc 2,054 2,803 b 99 92
DOA Rayong2 2,780 3,625abc  2,883d 1,938b 4,094 bc 3,028 3,058 b 108 100
Hanatee 2,852 2,867 bc 4,419 c 848 c 3,834 c 2,124 2,824 b 100 92
L-Mean 2,449 3,452 5,897 2,208 4,967 2,746 3,703 - -

Vv (%) 26.4 20.0 16.7 19.4 21.9 27.6 48.9 - -

Means in the same column followed by a common type of letter are not significantly different at the 5% level by DMRT
Note: RY= Rayong, KK = Khon Kaen, STI = Sukhothai, LRI = Lop Buri, KRI = Kanchanaburi, SKA = Songkhla

5. Ysunauudeluiinen

WURINAADUTEEDI WUTT d8WUT
OMRE60-01-02 ez OMRE60-02-12 U3 11auuds
Tuiian 22.1 uay 21.3% Mua1au g9nannug
AUTLazNIN. 53992 08 19UBEAYN a0
wlaImaaRUYBULN Y @18WUE OMRE60-01-02
CMRE60-03-02 Lay OMRE60-02-12 SUTu1au

wU9lurian 22.2 201 wag 19.7% m1uaisu
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llunnAnsegslidednmead Anuiiuni uag
NN.588892 LUAINAABUA LYY Y areWug
OMRE60-01-02 tag OMRE60-02-12 HUSunauutle

TUiIangagn 26.2 Wag 24.4% MINFIGIULANAN

aav Y

D8I NEAAMSERANURIUTILAZ NN, T28992

a
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v @

geaaunnsneg 1l TedfynwaiRtuiugrug
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Wug/aneriug TUsinasdduioanliunnd 1 saiia
wlamegauaswal aleug CMRE60-03-02 Uay
CMRE60-03-13 HUSinauddhuinanzgsan 12.2 uag
11.9% Muanau hanaeee 19l dudAgyneada
Funuginufivae mn.syeea2 (Table 5)

e vsanuFinaud duiaaniod e 6
anuiwudn anewus CMRE60-03-02 HU3anaudls
Tuhaniadegean 20.7% snnisfusiuTeudioy
i saowiugos 19 T A m1eaif se9a% Ae
CMRE60-03-13 uaz OMRE60-01-02 i USanautls
Tuaniade 199 ua 19.8% madsu TiEnaus

Tuiankiwandaniugyiug wisnnnaiug mn.

538992 o8 W Yuddyn1ead Alavatewug
OMRE60-02-12 FuUSinauntlsluamad e 18.1%
IndlAgsiunugynung (Table 5) Usuauwdslu
WanmavAoutwn denndesiulonty (2563) 9
109111t sluanansaslugiaiiou
w.a. way 8.0 1esandnszurunisiuded
azaul3lusialuadslulng §nes e 15 o0
regrowth uana N Fanudn uwameaesawans
Usnamddduianadeifian iesaniviina
Yelusaisd 3,124.7 1 qaﬂdmﬂaa?ﬁu 5| dInALI
Tusudvendaguiid e Tausunaudsdsldsh

v
v o

nvndutey (1SyAnalazany, 2530)

Table 5 Starch content and harvest index of six cassava lines/varieties from six locations in 2022/2023

Lines/varieties Locations G-Mean
RY KK STI LRI KRI SKA

Starch content (%)
CMRE60-03-02 19.8 abc 20.1 ab 21.1b 19.1 a 26.8 122 a 20.7 a
CMRE60-03-13 18.7 bc 15.7b 173 ¢ 19.7 a 25.1 119 a 19.9 ab
OMRE60-01-02 221 a 222 a 26.2 a 209 a 28.4 4.3 c 19.8 ab
OMRE60-02-12 21.3 ab 19.7 ab 24.4 a 19.1 a 294 5.7 bc 18.1 abc
DOA Rayong2 134 d 17.7 ab 18.0 bc 140 b 23.3 69 b 155 ¢
Hanatee 175 c 220 a 19.8 bc 136 b 24.9 6.0 bc 17.3 bc
L-Mean 18.8 19.6 21.1 17.7 26.3 7.8 18.6
CV (%) 8.7 14.7 10.1 11.6 15.9 18.3 274
Harvesting index (HI)
CMRE60-03-02 0.54 cd 0.49 a 050 b 030 b 0.49 0.38 0.45b
CMRE60-03-13 0.58 bc 0.54 a 0.56 ab 029 b 0.49 0.39 048 b
OMRE60-01-02 0.68 a 0.55 a 0.60 a 0.38 a 0.62 0.47 0.55 a
OMRE60-02-12 0.50d 043 b 052 b 0.16 c 0.44 0.37 0.40 cd
DOA Rayong2 061b 0.50 a 0.38 ¢ 025b 0.51 0.42 0.45 bc
Hanatee 051d 0.36 c 0.42 c 0.12 c 0.45 0.35 0.37 d
L-Mean 0.57 0.48 0.50 0.25 0.50 0.40 0.45
CV (%) 7.0 8.9 9.5 19.6 13.8 14.2 18.4

Means in the same column followed by a common type of letter are not significantly different at the 5% level by DMRT
Note: RY= Rayong, KK = Khon Kaen, STI = Sukhothai, LRI = Lop Buri, KRI = Kanchanaburi, SKA = Songkhla
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v a & =
6. AYULNULNEYA
tX dyv v a U 1
Wumddnaninnistinananludndiu
Awnyay @i deilsias NunaALUNE 9L,
2558) WugniAdastiiufeanndt 0.50 uangin
A0S HANAMTIAALALNNAN 50 % VBINANAR

I3

v duilfuifennn 6 anudl wui aneiug
OMRE60-01-02 U CMRE60-03-13 Sliailiiuiien
WINNIRUE U e el ded Ay niaialy
ANNLINAOUTTEDI VOURNY MUY hazany3
wilduansnaluanimwindeuiianimuind ou

v A& =

NaYALYSUAzaaN (Table 5) AvtiuiieTueg
Auiug (Amarullah, 2020) vausfdud1Uenaad
s eldule A1stulansnas 199 ue 2
NIZUAUNTEUATIZILES FzdelUiW NIz
UL sdii au wazlunmauasaauln

1 %’ £y ¥ d' ¥ d? 1 1 d{' ¥ v
usit Il nuAsRas 19U ua Ul ve asied oug 1elugs
A ULAE Y UM nuiaeg 1 duveaianiniian

se9a9u1 Ao Aukazlu (lanw, 2563)

7. wdgsnmnslinanaaidanvastiuduzvas
uslnA
Wugnssuluanuad (ideal genotype)
N N a e
msvzdanadunanings wasdiadesainlunn
anniIng ey FaiugnssulugauAR i
BYNTINIGNATNAINAUG DUTOUUULH UAT
ALRA BLNUANTWLINA B (average-environment
. ) a % a
axis, AEA) WLFNITUNBENATLUINLALIAINNENT
YDAINADTHUTNTTUNINTAN HANARUHANTAT

Nan wazWug oy luninnfvnlnduny AEA

9 Y

v saa o

wnneziluiudniiadosnings (¥dne, 2562)
oA GGE biplot U83dnwazHanNdnitian

~ Y] 2 ) ¢ A v a P ~
W OAALE BNWUE 7 I NaRA L8 g9 LAzl
EDESANIUNNTIANANANG WU DNSNANENUD

WUS N334 (PCL) HA1 85.78% wardnsna

Uduusvasiugnssudvaninuwingsy (PC2)
A1 9.87% (Figure 2) HANISILATIZTW AU
) P =~ ~ Y a
nugnssulloilseusuiuiugnssulugauai
311N319% mean vs. stability Wu11 @18 Wug
OMRE60-01-02 lvinanfingenianuaziliatosnn

sala o '

nslinandnas waziduiugndsumiseglndiu
Wugnssulugnuai 589931 Aw CMRE60-03-13
| v saa A 1 a ]

willuangiusniadesnmlunisiinandnsinid
IngiduUsENaINIINIANUTNTTUUIA@RINAY
\du AEA 8190171 0819l5Aa 1 151l GGE biplot
wanaUasigud PCL g9 uandbiiiiuin genotype
Tavsnason1shanIeanvatdnuuzaInn Uy
AUAIAREN A9l Dausid1 CMRE60-03-13
ANANETNINA U ITHERE WaraanI gy
2 @ s A = v I a o A

Foduiugeuiieu falu n1siansandaien
Wugnssuaula ausafiansantaainnsii
nandnlauinnInadesnnnslinandn aneiug

CMRE60-03-13 Faifuanewusfiuaulalulsuisiu

]

NS LAKANARTIER

8. M5UTTEHUANUTUNITANUNARNTATIEAVDS
dudrznasuslaafiuanwuindon

dlodsidnenwnislinandaiaan
o ug/aeiugiudilesnasusinaluneay
an1nuIng e191nnsI GGE biplot (which won
where/what) U1 @1asauUIANMILIAE DT 6
1o 2 ngu Ao naudl 1 16uA RY KK LRI KRl uwag
SKA ngufl 2 léiun STI (Figure 3) Tnesfuduyvdd
uslaaaeWus OMRE60-01-02 T HanAnA 7
annAdeLNgLT 1 waganewus CMRE60-03- 13
Tnandnffaninwandeunguil 2 ag1alsfin
anewug CMRE60-03-13 T nand ald unnm 19
NEIUS OMRE60-01-02 waz CMRE60-03-02

NaNINLINaeY (Table 4)
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Mean vs. Stability

CMRE@D-03-13

10

Legend:

RY: Rayong

KK: Khon Kaen
LRI: Lop Buri

KRI: Kanchanaburi
SKA: Songkhla
STI: Sukhothai

Hy

OMRERD.01.02

CMRERQ-03-2

S&"

Raylng2

PC1 857T8%

Figure 2 Evaluation of six edible cassava hybrids base mean on stability performance for fresh

root yield across six environments by GGE biplot method

Which Won Where/What
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’ Legend:
f B _—\\\ l RY: Rayong
] R : || KK: Khon Kaen
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KRI: Kanchanaburi
SKA: Songkhla
STI: Sukhothai

400 60 BD

Figure 3 The which-won-where/what of the GGE biplot for fresh root yield showed six edible

cassava hybrids genotypes for fresh root yield across six environments
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Classifying Northern Corn Leaf Blight Severity
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ABSTRACT

Northern corn leaf blight (NCLB, Exserohilum turcicum) is one of the most significant foliar
diseases of maize, directly affecting sweet corn yield. Accurate assessment of disease severity is
essential for screening resistant lines. This study compared the effectiveness of the percentage disease
index (PDI) and the area under a disease progress curve (AUDPC) in evaluating the severity of NCLB
in sweet corn. The experiment was conducted on the sixth generation (Se) of self-pollinated hybrid
sweet corn at the Chiang Mai Field Crops Research Center from December 2021 to February 2022.
E. turcicum was artificially inoculated, and PDI was assessed at two time points: 28 and 55 days
after planting (DAP). The AUDPC was then calculated and analyzed using the receiver operating
characteristic (ROC) curve and Youden index to determine the critical threshold for disease severity
classification. The correlation analysis revealed that PDI at 28 DAP was unsuitable for classifying
disease severity, whereas PDI at 55 DAP and AUDPC based on observations at both 28 and 55 DAP
showed a statistically significant correlation. Furthermore, the threshold value determined by AUDPC,
in conjunction with ROC curve and Youden index was 910.88, with an area under the ROC curve (AUC)
of 1, indicating highly accurate discrimination between resistant and susceptible sweet corn genotypes.
Therefore, AUDPC combined with ROC curve and Youden’s index was more effective and reliable
than using PDI at 55 DAP alone and can serve as a valuable tool in future research on breeding

sweet corn resistant to NCLB.

Keywords: sweet corn; northern corn leaf blight; disease severity
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]

AdnAgy: T1alweny; Tsalulwdunalvg); seau
AIUTULIIVBILIA
o
UNUI

Tsalulo] LLNaIWpJ' (northem com leaf blight;

o w v

NCLB) tJulsannsluidngyvaadnilnadianvemn
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mm%aiﬂ Exserohilum turcicum (Pass.) KJ. Leonard
and E.G. Suggs WUﬂ%ﬂLLiﬂﬁluﬁuﬁUQﬂﬁﬁwﬂwmm
Useinadmaid o w.e. 2419 (Atac, 1984) A
JULSIWDILIA NCLB d sualpemsssionaran Usssns
Frilnarui SnsuasseIn1ssERUs oulesalsa
NCLB 51-100% dsralsiiminilnansaiudenanad
0 1,481 Wu 1,331 nn/ls @munauazane, 2560)
T518UluUTEnADITIUAEY WUTT AINUTULTS
voslsa NCLB fLiiudunn 1% dawaliuandn
anastady 3.2 nn./ls TneAed sveanusiay
W& e EJMNLﬂi‘t}gﬁ 9 (economic damage thresholds)
oEjil 1.09% vauziAadsvesnATiA LA EET]
993MNTT (action damage threshold) aEUJ' 7i 0.88%
a'ama‘lv’ﬁ,ﬁmmiqaujl,ﬁamamwgﬁmaﬁEJ 2,472-
7,117 uw/ls (De Rossi et al., 2022)
nsUszdlunug ussvedlsa NCLB Faiu
Fendulumenausudanslsned 1eiiUsyans nm
wilughunisldanstesiurdalsafia nsdaden
Wug wagmsuIvsdanslaad wnzan ey
aunsausziiulanarstimsialse (percentage
disease index, PD) 1 AS TS SUn s s Use s vierne
TumslasgrideyaideUsunn waranusalfidu
L9 luNISIMUNTEAUAIIUT UKTIVBILSA
Faduteyadsnanin lnsdrsdeiildan Pol
MIUNINTIE LAY (ordinal scale) & sasaun
mﬂmmssuaﬂiﬂﬁﬂsmguuﬁ % (Willocquet et al,,
2023) 91n15U83L5AAN500 59NV LAY NGNS
I UAULR LNzt 1YiY ¢ V09TEBias AUl
msdrdududrlnavue ounesolsngs o
E. turcicum &@1xnsadnvinatewaanylanasann
n1399nU0IRelllAY (Levy and Cohen, 1983) vl
Aaunalvsl 113 ouwail o1 onne (necrosis lesions)

vulu dnvazvesunaidugunszaty dvmse

M3ETITnsnens 99 43 atufl 3 Aueneu - SUNAN 2568



iena warilveuunadvides dwalidsyavsam
NTALATIZALAIANAY LAZNTZUADNAILNNTIVDA
Fonend ¥ (Stangarlin et al, 2022) 1l o1dg 520
N33 Y AULONINITRT YRS AT IINAYIY
goukanalsnganuukalnduuinlng wazes
danalidud oamne vaued dudlnaniud
gaulanslsal unans dndeinsuaseuniulas
WRILINSVDULUANANAY dInalinand nanas
1NN 50% (Setyawan et al., 2016)

Min et al. (2012) ToiUseidl uanug us e
15a NCLB iﬁﬁﬂmiﬂazm%aﬁ E. turcicum 1 ﬂ%’j\‘i
dletmlwaeny 60 Tu Faduszezonmenuazduun
seaumusuuswadsaly 5 5zau Toun druniu
13Ag 9 (highly resistant) LialsA 0-3% A UNTULIA
(resistant) LA AL3A 4-10% § 1UNIULTAUIUNA
(moderately resistant) linlsa 11-30% DoULDAD
TsaUaunans (moderately susceptible) LAalsA
31-70% uaveauuesialsna s (highly susceptible)
\Ainlsa 1N 70% agalsfieny wmatnauay A
(2560) tausgiiiuaugulsvalsananisugn
Wa1 2 aa fleny 28 uay 55 Yundsdgn lu
T1IINANIURANAN 36 @18WUT WU NS
Usziufiony 28 Yu dnlnavnunnanewugd
amudunudelsaUunans usdeany 55 fu
YN rMmNENeNLg Neus eLwes alsATEAUULNENS
BNLI 2 anemiug loun aneug CHE6C1)19-311211/
HX75C1)-17-221111 way CH66C1)-9-311211/
HX75C1)-8-122111 fim9iAelsarindtwug n1sfn
(40.9 uag 44.4% auanau) avviouliiiuiong
Uszdiu 1 ade enaldiieane dedu nsunaiiud
1A NI MWAILIN15V94919A (area under the disease
progress curve, AUDPC) mﬂmiﬂiuﬁuﬁmmaﬂ%ﬂ

JanungdmsunsUssiiiunnuusssvelsaly

FEAUNAAUIN FIuanANLUTUTINVEITRYA
waglideyafiusiuduiertunsasqiulnues
Fesnelsauazwaunnisveslsaluiiy Ueger
and Viljanen-Rollinson, 2001)

wil AUDPC @13115088719UAI11T U
29415ANADATINITAT YLAULA LA AUDPC Ll
pg1aRldiigsned S UNRUALNAINITIMUN
\esnlilanunsaszyAgeada (threshold point) 7
wnzauly fadu §eldnnstnszdnsmdulas
(receiver operating characteristic curve, ROC curve)
\ienyndeuUszanan1nues AUDPC Tunssiuun
(Ruopp et al., 2008) Inasigwil Youden (Youden
index) AnuAgARafiaunaszninanIal
(sensitivity) Lag @191t W1g (specificity) (Li et al,
2013) AMTUNTIUUNANUTULTIVBILIATEAY
v3na (binary classification) Aanausiiinviun
(Lobo et al, 2008) na1Ae A1 AUDPC @1 1t
fenudumnulsn anefien AUDPC g Usdas
gouuasalsa n15l¥ AUDPC auaiu ROC curve
wazdud Youden azl@aniiuiildnsvidulds
(area under the ROC curve, AUC) Fadusnuad
fepnnuudugwesnissuun Taeen AUC 7ilnd 1
wansiannuanunsalumsfuunfiutiudigege
Loz muaAingafiAnian (Corbacioglu
and Aksel, 2023) @M UNITTIHUNA1EWUT
sEAUATUNIULIALAEE BuLERBlIAle o814l
Usgdnsnm

foqusvasiuoanuideiifieiinsesiay
Wisuiiisuadsinisiialsawasiufildng
WaLIN19LAALIA TuN1ITIMUNTEAUAUTULSS
y93l5A NCLB 1l parfuayususunsuiuuge
Wugalnaruaunulsa NCLB vasUszwelne

Tusurnsialy
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auUNIalLAZIENS

1. NISHPULBSA E. turcicum

\Auegsludalnamiuiiuansenns
vosunalvivedlsa NCLB Haaifiou nn. 2565 1
fnmuensusalviguuss anuva s nd ke
I5inwesns 2. Wedlvl thauenidoslaeds tissue
transplanting u,azLgamﬁ'mﬁmmﬁﬁawﬁﬁami
Tsrit quiideivlitoum mnfuwhmadeaden
YUDIMNT potato dextrose agar AOUEAIULLIAN
Fraeiiiunisa i e Aunsd udahuvud
gaungil 25° . udesnaiydulaiud
2. MIAIENARE19T1 AN

Ugninlnaninuganandiiesdi 6

s

wundu 2 Uszans lewn CHE6CT 38 a@neiiug
uaw HX75C1 46 aneniosg Fafuderugnssudmsu
asgnrat e Ul @reuavene, 2567)
uenand fidnlnevmugnaauaeiugnizdi 8
aneiug Lawn Wug NN, @3wa184-1 (DOA Song
Kla84-1) 8un3 2 (Insee2) lauine 3 (Hibrix3)
lau3ndg59 (Hibrix59) gM1375 (Sugar?s) w1351
(Wan1351) 131141796 (Wanl796) kagni1u56

(Wan56) \uaeiugiuseuiiey

o a A fa o A A ! !

AdunsgueITeNalsdeddvg seving
Wen 5.A. 2564 819 n.. 2565 taeugnialnaniu
Wuglauing3 (Founesalsn) iWuwagdeuseu
wlamageuiiialuunasunsnszaiete el
91y 3 dUai vimsugnideslaeneenudnd g
Ao & a 2 Yy v
NiWesuasyunaquianfiasuueandud1lng

v A’l’ (% 6 = v 6

8 99NUgNLe T 2 dUnm slgnanenugveseu
wazaneugUIeuiieu Tukadnaindudilned
WeiP991N1578915A NCLB 39UNUNNTVAGBIRUUEY
Tuvdenauysal 3 91 VUIANEILNARDY 20 AU
gnsoalgnidunndn unae1d 2.5 u. szazian
75x20 @3l 1 Au/viau auasnwimuuugiinves
N3LIYINTINEAT (2565)
3. NMIUSEUTTAUANNTULTIVRSLIA

3.1 MsUsziludviinisiinlsn

Ussdluiuntudulsen NCLB diadmilnevnu
81¢ 28 Ju (PDI_28DAP) Teaglusyey V6 (svee
) ' v v = Y v
WaUIYonaNA1Y) waziilaaly 55 Tundauan
(PDI_55DAP) @teglussey R1 (szezoaniny) lng
UnInnsinens 3 aukendaseiu aglainue
N5 AZLUUTEAUAIINT ULTIVBIVRILTA 1-9

ALY MU Hurni et al. (2015) (Table 1)

Table 1 Scoring of northern corn leaf blight incidence useful for assessing corn

Score Phenotype

Plants do not show disease symptoms

O 00 N O U A W N =

Lesions occupying 40-60% of the leaf surface

First small lesion appears on few plants per row and occupies less than 5% of leaf surface
Many plants per row present in one leaf level lesions occupying 5-10%
Many plants per row present in several leaf level lesions occupying 10-20%

Lesions occupying 20-40% of the leaf and start to merge

Lesions occupying 60-80%. Half of the leaf is dry due to disease infection
Lesions occupying 80-90%. More than half of the leaf is dry due to disease infection

Lesions occupying 90-100%. Nearly the whole plant is dry due to disease infection
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Aazuuiliusardumuadumduinisialsn naisues Wheeler (1969) 91nans 1

HATINYDY (SEAUATUTULTIvaLlsa x Tuudunnuluusseiu)

PDI (%) =

AUTULTILRT 8UBILIALARLAIUW UG

uuUnlaeA PDI 9 @enueiuad Min et al. (2012)

IS

AALUaIRIN 5 5eauU USUu 2 seau lewn A1 PDI

v saa o

0-30% U eneiug MUgN seauA s olsn way

]

[ '

A1 PDI 31-100% Us¥ianeiugnilsyiugouuesialsn

(FMAUAUNAHOUNIMUA X AZLUUTEAUANUTULSILIAZIER)

x 100 (1)

32 sdnauATR T SRR slsA
A1 AUDPC_28 55DAP AIUIMANNT5U04
Campbell and Madden (1990) fiszidiuennis

\SUAUT 28 wardugail 55 viaalgn A1ngns 2

. + .
AUDPC = R UVt (i, — 1) )
ey = JEAUANUTURIIVRILIAT 28 Tu
U dl U
Vil = JEAUAUTULTIYRdlAl 55 Ju
ty = Usziiiulsadladiun 55 Tu
t = Usziiiulsallaiun 28 Tu

3.3 N153AS1EUNS N ROC curve hLite
U2 UAMUBLUE1UDIA LU LY T UNTEAU
ANTULTIveelsa Tneluauiddedladiwun

aneiug/Auginlnemuesndu 2 nqu fengu

4 {

AuNIUFBlIALATNAUSOULDABLIA LA bR
At Youden (Youden index; J) tion1A19AAA

Pnve (Fkih and Omri, 2012) 27ngAT 3

J = [Aanula (sensitivity) + A9Wg (specificity)] - 1 (3)

Tagd  Arenuln

AN

=TP /(TP + FN)
= TN/ (TN + FP)

TP (true positive) = Uszifiulsanuindulse wazilulsaase

TN (true negative) = Usziiiulsanuinlaiidulse wagliidulsaass

FP (false positive) = Uszifiulsanuindulsa wiliusingindulsaass vie navina

FN (false negative) = Uszifiulsanuanliidulse wavsingindulseass nie naauan

4. N1TIATILIADA

4.1 A13TANANAIERUTAUTEAUAIY
Jul39uealsa NCLB: A1 PDI_28DAP PDI_55DAP
WAz AUDPC_28 55DAP USulviet 91 0-1 (nomnalize)
Tne 0 yinefls fumug sqasiolsa NCLB vauzdi 1

MNeia BounesBlIAgeEn IINTUTANGULUUARY

1Y A

FugeRs Ward’s linkage LAEAMIUIZEZANTZNIN
493 a0 28 Euclidean distance uananaans lusy
VYDINUNIN heatmap

4.2 Msnegeulaaums: nagauanuluy
DasrluNITIUUNTTAUAINAUNIUYDIUIILNG

#1UNLRa1n PDI wag AUDPC laenlSeuwisuan
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dunariuAmands lWmmageuteyadnuun 2
videmsunisalasne 2 lefmuadauusd 1
(row) 19 ung ua1o W us 7 TaTuunA 2061
AUDPC_28 55DAP uagsausf 2 (column) 1
PEENETLS TS A AR AN PDI55DAP madmual
AlAawA25IIlAENISUT BULT BUSEI 9ATE NG

LATAIANAINIG MUY Rahman et al. (2025)

NANISNAAILAZINTA]

1. nsUszdiuavsinisinalsanazn1sanwun
FEAUAIUTULIY

1.1 artinisialsn

A1 PDI_28DAP k@ PDI 55DAP Wyl
Fauanena ueendlded A aneda wandiiiuin
syiunuuusseslsai madsuuamszey
N13La3eYLAUIAT09U WAL PDI_28DAP A7
2.6-58.3% @au PDI_55DAP #ifn 25.3-64.5%

1.2 N15AMUNTEAUAIINTULTIVDILIA
fa8A PDI

N33 UUNTEAUAUTULTIVDIL5A NCLB

17 |

AR PDI_28DAP WU U1ILWAVI UG NHENA 3401

& A

Fai1 6 Iwunivieglungusinumnusialsa 65 aneiiug
1A PDI 5¥11319 13.8-29.7% angiugiuseuiieu
{1 2 anewug PDI 5eming 2.6-26.2% vauzdingy
gouuasialsn Imlnwavnugnuaudiestafl 6 i
19 aneiug A1 PDI 5¥7IN3 30.3-53.8% Uazaneiug
Wl s eull 6 aneiug 1A PDISed 19 32.2-583%
d7up1 PDI_55DAP Wudn 91alnananug nesiaLes
F27 6 Smoglungudtum 8 aneviug 9e1 PDI
SN 25.3-30.0% Yuriinguseune Fmlnavinu
gnHaNILeITT 6 31 19 anewius i PDI Searing
31.3-55.0% wazanewugiuTsudiouia 8 anewus

A1 PDI 5211719 44.8-64.5% Lanaliiiuidl osze
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s

namsielsAeTIuTy A PDI VBINAWWUG
Tuu it udu axouiiovmuinisuaznis
anamveslsalusyey R1 Fadurasiiadennil
ﬁamsﬁméﬁy@qa Feoradunarnaniugnssunas
Padaneannwindeufiisvidnadenisazaunis
Alsa Tnetanzaninwandeuiifinnutugeuny
6 wu. Haelfidesn E turcicum aSaivlnuas
vharegdud i lnalds1edu (Levy and
Pataky, 1992; Smith et al., 2004)

1.3 N15AUNTLAUAINTULTIYDILIA
1ae3514 AUDPC 32unu ROC curve wazatil
Youden

A1 AUDPC 28 55DAP %u31 913lnannu
annaudesdaf 6 deoglutas 566-1,529
duaeiugiUseuiisuaglugie 664-1,722 113
AA389 ROC curve Jauansanuduiussening
ArAulLazensImauINaas lay AUC fan 1

ISP

wanefl s ugnga (Figure 1) A%l Youden AN
910.88 7 41u18A21171 AUDPC<910.88 U931
aeugiueglunaudiuniuselsa vaediaf
AUDPC>910.88 aglunguseuus Inedianninails
wazAnru e Idoy lusedugs uansiedatl
fusgdvSamlunsiuunaneiugdunulsauas
gouuen alsald o819 nios 7 aaenad sy
W nunauived Corbacioglu and Aksel (2023) 7
5¥U31 AUC>0.80 L&A ua1u150tunIg
Tnduunlad wagA1 AUC=1.00 wanadndunis
$nsuunldedrsauysal uenand Thapa et al
(2020) 5189771 N15LEA1 AUDPC S9uAUNNT
AT ROC curve 21NUBYANINETEY A1U1TD
Fuunlsaniatulasgrauiugifia 97% wandli
Wiufednenimusanisiesgviguuund vmed

Hajian-Tilaka (2018) lnesunerimadavineawi ge
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Ao afifinulage 1nd 1 uazwavanana 1nd o
d2uA1 AUC iunnnda 0.5 Aedduunled
laglanig AUC>0.8 fiadndussdnsaings uae
AUC=1.0 wansfian1sdnduunle og 1eauy saluuy
(Yang and Berdine, 2017)

ROC curve for AUDPC

N\

,

nap

1=
-

X

True postive mte (senskivity)
(=1
=

g

el e e e R
\'\.

\

mmm BOC cumve (AUC = 1.00)
X Best threshold: 910,88

oz o oé 0.8 Lo
False posithre rate {1-specificity)

0.0 F

=43

Figure 1 Receiver operating character (ROC) curve
for AUDPC, with the optimal threshold
set at 910.88 (asterisk), with provides
the highest sensitive and specificity.
The area under the curve (AUC) is 1.00
(dashed line), indicating perfect disaimination

between resistant and susceptible groups

Frilnevmg et uostai 6 ild1 AUDPC
5¥1119 605-898 Fnaglunquatuniusielsa 43
anowug druflinde 41 anewug a1 AUDPC
$9wi3 911-1,529 Fneglungueeuie vaiilaneus
Wisuileufiiugduv2 winiu (A1 AUDPC = 664)
foglungusumu druanewusgdu 4 oglungy
UKD (A1 AUDPC 5¥13191,269-1,722) wandlv
Wind1 sTUnAuguLsIvedlsa NCLB tnald

A1 AUDPC 521U ROC curve wagmail Youden

HUszavBmmilumsussdiuaedniunsevinsaneug

AUMULaYAEN LTI OULD

2. NMIIANGURUFAIUAIANTULTIVRSLSA

\leLUSuulou PDI_28DAP PDI 55DAP
WAz AUDPC A18LNUNIN heatmap WUI1 A
AUDPC fipuaannaasiuan PDI_55DAP 11nndn
A1 PDI_28DAP (Figure 2) @ euansliiiiuiinis
UsziilupnusussevadlsaltuszezUaienaulug
NIMUITEYAY LAZAINNITORUINGUTIIINANITY
ponuu 3 nquudn feil

NEMT 1 B¢ dUULYBIMNLNWUSZNBUR
Frlwavmu 30 anewus Aifidgasia PDI 28DAP
PDI_55DAP uaz AUDPC agTusedusiiianua
wAR9EIAUATIUNIUABLTA NCLB HaN1TI1HUN
INkAU R/S annotation Wu21 PDI_28DAP way
AUDPC Sluauiansaufuynuasuiia 30 anewus
il PDI_55DAP Winaidusiumusielse 8 anevivug
wazgauLesaln 22 aewug

AANT 2 DY UTARBUNANIVDIUHUNN
Usenoun891ilnaning 47 anenus da0
PDI_28DAP #11 Wl PDI_55DAP Wag AUDPC g
wanawwIllrindnumuselsalug i usidinuls
molsaluszuzUale #a31n R/S annotation WU
PDI_28DAP dnuuniluaneiiuginumiu 16 aneug
WATEoULD 31 A18WUT AnYMEAINE1ILAAIDS
M51UA suLUaIn1sneUaLeId alsARNY 1987y
vosiiy Failewigszezoonnen nalnaraigumny
GRRGTGN

NAuT 3 BYdIuAIEAYBIUNTHUSENBY
sretlwavy 15 aneviug 713 enaslunnduus
wardnilvgfiiunuuanmugeuneselsa Jsdneg

lunquaeunasialsa
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Clustered Numeric Heatmap with Left R/S Annotation (n = 92)

PDI_2B0AP

Ray

253

POI_SSOAP

o
@

Normalized value (0-1 per column)
)
@

RS (0=Resistant, 1=Susceptible)

o
a
=]
P

1o 10
0.8 08
0.2 0.2
AUDPC 0.0 0.0

¥ Real ranges: POL 28 DAP = 2.61-38.30; PDI 55 DAP « 25,30-85.10; AUDPC = 586-1722. Values normalized per column for visualization

Figure 2 Clustered heatmap illustrating the grouping of sweet corn genotypes based on disease

severity indices of northern corn leaf blight (NCLB), including PDI at 28 days after planting
(PDI_28DAP), PDI at 55 days after planting (PDI_55DAP) and AUDPC. All values were

normalized to a 0-1 scale (0 =resistant, 1 =susceptible) for cross-trait comparison. The

left-side bar indicates resistant (R) and susceptible (S) classification. Hierarchical clusteringwas

performed using Ward’s linkage and Euclidean distance

HEMTAAT AT NIl uAT LT U
vodlsAluszerdu videfl 28 fumdngn liarnsoaeyieu
seUPIF N UselsATLY S e usiavan e S L
et bidenedoatune eI AL AR (2504)
fiszydmeussdiuil 28 Fundamsugnide (u

Frnavshzadlumsfndenaneiusamusielsa

312

\esmnemsvedisa NCLB sinumngieluszesvds
ponaenddluaundud Tag Smith et al (2000)
sreuInden £ turcicum desldszeozilngy
10-14 Ju luaewugoaunesiolsn waz 20 1u lu
aetugiumusiolsa dafu nisussidiui 28 Yu

19dsluazaunalnnisnauauaIva i oAU
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3. MIUTIUNBUNITIILUNTEAUANTULST
¥24l3AA7Y PDI ag AUDPC

311 Figure 2 @13150LENNA UUBY
PDI_28DAP 88210 PDI_55DAP uag AUDPC
aglunduidediu Jimeaeulaauais PDI_55DAP
uay AUDPC Lilefudumnuisiugivaenisduun
NAUATUNIULAED BULBMBLIA NCLB HaN1s

NAFBULAAIIALALIINITIMUNTTAUATILTULTS

vo1lsA NCLB 1isansi3iinnuunnsiiaiuagis
Tl AtyvNeadif (chi-square value = 9.17, p<0.01)
Sruaudrlnanauiidalioglunguduniui
9nF1 PDI_55DAP UazA1 AUDPC $1LiVen 8 aneiug
Yoz AdaneiugAdaliiumnILaInA AUDPC usi
IaJugouusainan PDI_55DAP 1w 37 aneiiusg

wansliiutanunaimadeulunisduunngy

[ [
1 v Av v

FELRINEIFINVINEDY (Table 2)

Table 2 Chi-square test of association between AUDPC and PDI of 55 days after planting

PDI_55 DAP: Resistant PDI_55 DAP: Susceptible Total of
AUDPC Observed Expected Observed Expected AUDPC
AUDPC: resistant 8 3.91 37 41.09 a5
AUDPC: susceptible 0 4.09 ar 42.91 ar
Total of PDI-55 8 84 92
Chi-square value 9.17
p-value 0.0025

AUDPC fidalaidseulunisavyiounain
Yasmswalsanasngaaailaania PDI§adu
Aszdiuluganaiey winansageulaawmis
UAAIANLANG DY 9T HEdA L ALANAT
ausaesunelsansssurRvesnsUsediufinnaiy
naMA® A1 PDI_55DAP Uszliluanize1nisueslsn
Tuszazlans vadinn AUDPC SUHAaZaLu8Ins
Warnlsas aus 15 ud uaui sszeveenluy 4 o9
m‘wsamaqmimauauaquﬂﬁaugﬁﬂﬂ’h

JewSsudisuseninenslden PDI 55DAP
Wwaz AUDPC wu uidnen PDI asfidadildayain
uiazouam: o naiussdiuvingy usnslden
AUDPC 52U ROC curve Lagdail Youden @nsnse
Uszillumsazaulsalinaaningguan wazinum
i tataulunisduunnguiiduniuuas
pounalasgruduszuu ag19lsinnu nasld

AUDPC glaiaunsaldiduaiuinsgiulunis

FuunszdunmsuLssvedlsa NCLB 1¢ Liasan
A13INEAIN ROC curve 81auUsiumudady wu
wugnssudalnauarANUIUABuLUaed
anmwand axluusiazgguan (Wilson et al,, 2017)
ATIMANANEYBNe E. turdcum FRiEsmstansutas
(Bankole et al, 2023) ¥2947877 41 AN15A AT 837
fugruitugnssuvesiiv anmwindouuasdade
NITHA mmwumu’maqLgﬁyaswmmq N9
povauadlunsostunuewasiiy 1uladei
dfniliAnauuanaesEnInesEfuaIY
Juusevadlsa (Duffy et al,, 2003; Pokhrel, 2021)
fodu Fersinsfnwdudulunaefuivas
Ma1eg9n1a L aLi 1NN UTILaE A
WNZaNTe93IsNs waviiiolinisuszdiuainy
Q#9938 n1sAsuduLIng uTsuuz il
farsanadsudisiiu 1wy accuracy sensitivity

specificity 38 Cohen’s kappa
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dyUnan1Inaasg

MNIUTTH LUAZNNTIIMUNTEA UAIILT WSS
vodlsatulutiuaalgiaiag AUDPC sauiu ROC curve
(% = a a a =
waravil Youden dUszdnSainuazidainy

oA A ! % =
Un¥odegeniinislyd PDI T893 INE1U150
AUUAAIINGANTALIULUNITTIRUNTEAUAIIY
JuwseadlsA NCLB lal A AUDPC #1l9idiAn AUC=1
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Inducing Substances and Plant Defense Mechanisms Related to Pest Resistance

in Tobacco with Scopoletin Extracts from the Morinda citrifolia L. (Noni) Fruits
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ABSTRACT

Scopoletin is a secondary metabolite found in many plants. It possesses antioxidant
properties and inhibits the growth of microorganisms. This research aimed to extract scopoletin
from Thai noni (Morinda citrifolia L.) fruit to investigate its potential role in inducing compounds
and mechanisms related to pest resistance in tobacco plants. The extraction was performed using
the maceration method with ethanol as the solvent. The extract was then separated by column
chromatography using silica gel as the stationary phase and a mixture of ethyl acetate and hexane
(0-60% v/v) as the mobile phase. The presence of scopoletin in each fraction was detected by
TLC under UV light at 365 nm. The fraction containing scopoletin was further purified using 2% methanol
in dichloromethane as the mobile phase. The purified compound was identified using TLC, UV-visible
spectroscopy, Fourier transform infrared spectroscopy and nuclear magnetic resonance spectroscopy.
The results confirmed that the obtained yellow crystal were scopoletin, with a yield of 0.038+0.01%.
A resistance induction assay was performed by infiltrating scopoletin into tobacco leaves at
concentrations of 100, 500 and 1,000 uM. The treatment stimulated the production of salicylic acid

and increased the activities of phenylalanine ammonia-lyase, glucanase and peroxidase, with peak

Y iiniteuasiaunnisinunsnd 8 o.melvie) 2.49wa1 90110

Y Office of Agricultural Research and Development Region 8, Hat Yai, Songkhla 90110, Thailand

7 AugINeANERS UMINYYEITAIUASUNS 0. Alug) 2.89a1 90110

Y Faculty of Science, Prince of Songkla University. Hat Yai, Songkhla 90110, Thailand

¥ pngingmaniuazmalulad uminrdumaluladsuuinariivy MeNvnuASAISIINGIY 2.UATASEIINTIY 80110

¥ Faculty of Science and Technology, Rajamangala University of Technology Srivijaya, Nakhon Si Thammarat campus,
Nakhon Si Thammarat 80110, Thailand

v ﬂaﬁﬁaLLazﬁ’wuﬁwEnmWé’dmiLﬁULﬁmLLﬁmLUigﬂmﬁmmaLﬂ‘wm o.wnaledu INT NTUNW 10900

“ postharvest and Processing Research and Development Division, Phaholyothin Rd., Chatuchak, Bangkok 10900, Thailand

" Corresponding author: kjoy2000@hotmail.com

316 M3ETITnsnens 99 43 atufl 3 Aueneu - SUNAN 2568



responses observed at different time points.
These findings suggest that scopoletin isolated
from Thai noni fruit may functions as a plant
elicitor that enhances pest resistance in tobacco
by activating signaling molecules and defense-

related enzymes.

Keywords: scopoletin; noni fruit; extraction;

resistance; plant elicitor
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Figure 1 Changes of scopoletin content along
with fruit ripening; phenotypes of
noni fruit at different developmental
stage (A) and changes of scopoletin
content along with fruit development
and ripening (B). Values are means+SD
of three biological replicates. Different
letters denote significant differences

at p<0.05
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Figure 2 Two steps of scopoletin purification

from noni fruit; the first separation
using gradient elution (0-90% ethyl
acetate) and the purity test by TLC (A)
and the second separation using isocratic
elution (2% methanol in dichloromethane)

and the purity test by TLC (B)
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Figure 3 UV-spectrum of isolated compound
from noni fruit (A) and standard

scopoletin (B)
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Figure 4 FTIR-spectrum of isolated compound from noni fruit (A) and standard scopoletin (B)

Table 1 The data from FTIR spectrum of isolated compound from noni fruit

Wavenumber (cm™)

Functional group

Standard scopoletin

Isolated compound

3,335
2,850
1,705
1,612
1,565
1,507

861

3,336 O-H Alcohol group present
2,856 C-H group present
1,705 Carbonyl C=0 group present
1,612 CH=CH group present
1,564 Benzene ring present
1,507 Benzene ring present

862 Due to substitution of benzene
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Figure 5 Representative 'H NMR spectra of isolated compound from noni fruit and standard

scopoletin (A and B) and >C NMR spectra of isolated compound from noni fruit and

standard scopoletin (C and D)
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Figure 6 Physio-morphological traits of tobacco leaves after treatment with different scopoletin
concentrations. Scopoletin elicited changes in salicylic acid content (A), abscisic acid
content (B), activities of PAL (C), GLU (D) and POD (E) at various time. Leaf appearance
in fresh tobacco leaves infiltrated with 0, 100, 500 and 1,000 pM of scopoletin for 120
h. (F). Data were means+SD. Different letters among treatments within the same time

point indicated significant differences (p<0.05)
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ABSTRACT

Biofilm made from cassava starch is not durable for packing usage due to its easy breaking
and short lifespan. A large amount of durian shells was useless and unutilized by industry;
therefore, they were chosen to produce additives for biofilm production. This research aims to
enhance the durability of cassava starch-based biofilm by incorporating lignin and nanocellulose
extracted from durian husk in biofilm. The result indicated that the lignin and nanocellulose
extracted from durian husk had a lignin content of 39.5% and nanocellulose of 10% by dry basis.
Cassava starch-based biofilms were prepared with varying concentrations of durian husk lignin
and nanocellulose, along with 30% glycerol by weight. The biofilm containing 3% lignin exhibited
the best physical and chemical properties, including a tensile strength of 142.51+5.21 kef/cm?,
film elongation of 10.81+0.53%, moisture content of 7.97+0.18%, and water solubility of
4.88+0.65%. The oxygen permeation rate is 109.1+15.48 cm?/m?/day, similar to the biofilm
without additives (109.5+34.71 cm3/m2/day), a thickness of 0.185+0.00 mm and a color change
(AE) of 41.89+0.85. Cassava starch biofilms with 3% lignin from durian husk and 30% glycerol
were more durable and can be used for dry food packaging because of their better physical

properties.

Keywords: biofilm; agricultural waste; lignin; nanocellulose; durian husk
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Table 1 Color, moisture content, enthalpy, Tm of lignin, the negative first derivatives curve (DTG)

and thermogravimetric (TG) of lignin

o Color Moisture content, Enthalpy Tn DTGmax TG

Hgnin L* a* b* db (%) (/%) (o) (o) (%)
Commercial lignin 33.62 479 -332 7.93 69.85 220.2 65.00 87.05
Lignin from durian husk 3580  5.00 -1.43 2.89 71.22 188.8 190.00  86.01

% Transmittance

Lignin from Durian Husk

<000 — - %m = A 2600

T : 1510 T T

Waverumbsrs (cm-11

Figure 1 ATR-FTIR spectra of commercial lignin and lignin from durian husk
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(@) (b)

(0)

Figure 2 Nanocellulose powder from durian husk (a), transmission electron micrograph of

nanocellulose (50x) (b), micromorphology and roughness of nanocellulose by AFM (c)
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Iodudenunuselolasiauvesanisy vinlian
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(Yang et al., 2020) (Figure 3b)
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AU (thickness) WU NISLANANTIU
u,azuﬂuwaaﬂaaa’amaeiaﬂmﬁu%usuaqmmmm
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(Nagar et al., 2020)
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lelasiauundy S1dansszimevesitoonain
wimud s (starch granule) (Nagar et al., 2020)
(Table 2)

nsazanei wuh wiuiidudnmiia
uluwaglaaifi ududdinisazatsuianas
\esanifinnisid euwusyszvinsoyniaunly
waglaa viliAnlaseasisuuuiisumiiannsa
Tar119n15uns i uve s g Tanuanld

a

(Pelissari et al., 2017) uwHuRd TN LR
anduiiuduiiinnsazanetnanasuiu ldufid
Anflu 2% uaz 3% dAnisavaneiinlaiunnsneiy
TnoAnduiingflerduitlivoui Feviliursday
Tiavaneh saudemnudnfuldvesansuseney
Husdnvesdniuivaruyseneveylulaagueant
warN13as 1IN USEIENINNLLLaNa (cross-linking)
seinandanuansuseneuiuedn (Bhatet al,
2013) drwildnfiianunluaglaasuivaniy
Tunnnssudsdainisazateunldunnsefiy
dewFsuifisuAinisazatsmnnssais wut
Aduiauaniu 2% fiesngn fe 3.80+2.48%

(Table 2)
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Table 2 Thickness, moisture content and solubility of biofilms with different lignin and nanocellulose

content
Samples Treatment Thickness (mm) Mo'sture Solubility (%)
content (%)
C Non additive 0.110+0.000 g 6.93+0.21 e 14.383+0.875 a
N1 1%nanocellulose 0.142+0.004 6.93+£0.24 e 14.160+0.339 a
N2 2%nanocellulose 0.159+0.001 ef 9.18+0.48 d 13.673+0.540 a
N3 3%nanocellulose 0.169+0.009 def 13.01+£1.00 a 12.180+0.859 ab
L1 19%lignin 0.144+0.005 f 7.48+0.32 e 8.327+0.887 c
L2 2%lignin 0.161+0.001 ef 7.49+0.02 e 3.806+2.482 d
L3 3%lignin 0.185+0.005 bcde 7.97+0.18 e 4.887+0.657 d
N1L1 1%nanocellulose+19%lignin 0.180+0.003 cde 7.03£0.55 e 10.463+0.392 bc
N1L2 1%nanocellulose+2%lignin 0.189+0.004 bcd 10.25+0.42 bcd 10.303+0.686 bc
N1L3 1%nanocellulose+3%lignin 0.210+0.007 ab 10.82+0.12 bc 10.690+0.644 bc
N2L1 2%nanocellulose+1%lignin 0.229+0.017 a 11.29+0.25 b 9.883+1.962 bc
N2L2 2%nanocellulose+2%lignin 0.217+0.012 a 10.14+0.17 bcd 9.577+0.559 bc
N2L3 2%nanocellulose+3%lignin 0.203+0.009 abc 10.08+0.26 cd 10.883+0.473 bc
N3L1 3%nanocellulose+1%lignin 0.207+0.003 abc 11.05+0.32 bc 8.777+1.059 c
N3L2 3%nanocellulose+2%lignin 0.226+0.006 a 10.82+0.29 bc 10.999+0.977 bc
N3L3 3%nanocellulose+3%lignin 0.228+0.028 a 10.75+0.48 bc 10.227+0.819 bc

Means within the column followed by different letters are significantly different (p<0.05) by Tukey’s test

BRIINITTUNIUVBIN1TDONTLAU WU

nstnulugaglaaiud udawalidnsinig

1%
13 = o

FUNIUVDINYDDNTLAUVDILNUNAUAIVU VINIA

Y

A1 adululanavesfing Ui Ui v sl ay

D¢

naswnseuluanavesitgneluilay wagns
aangiluanavasingneluiauiudnauves
FauldaTy AdunmdiFuanduiiuguisns
NISTUNTIUYDIN190DNTLAUVDILN UT A Lanas
Lﬁ'aamﬂauqmﬂsuaaﬁﬂﬁu%'aaamgwqu%aa
uN UL Aeendaudwiulatosas (Espinosa
et al,, 2019) LLaz‘?\la‘m%amwﬁLﬁmuﬂumaqiaa
SruAvaniY N5TuNuved1weandaulid
ANUBANANAUlUNNNTILIT Tnednsn1sduriy
Yo 1wendLauvesilauifudniy 3% e

109.1+15.4 91°/9%/33 TnaAgsnuN auans

laAnasAnnss 109.5+34.7 @a®/u?/3u At
1 a6 = a a a =
WHURANTINLALENTY 3% TAUmNIay
dmsunstuguildunataindinin 1ean
SNIINITTUHIUVDINLRBNTLIUAT NITATULSS
AIAwaESaEazNIsEARIllA1ge wingdmsy
N1sUSN¥IoMIsUIILaz AL HAMTUUTTY
faugiluzuuuugs sunuluniswdnsiangnndinis
Tulugaglaawazdndunauiudmiusuly
Waunwaafndinn (Figure 3d)
Naudrn1nanans sl ud1Uends
ausageaatelaniusssuviatuaniiei
= wa a | v e a v
winnzay Jaudandeangu duiweandiaulag
Waldussgemisuiis saudenunmulunisly
NULANA9INTFUTTAD U LU WduLaaaifiu

AAuAInulunNStgaIUnI AUd1998NTLIUAN
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Husy wonani nsldanduduasipuusaiidy
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Note: C: Non additive; N1:1%nanocellulose; N2: 2%nanocellulose; N3; 3%nanocellulose; L1: 1%lignin; L2: 2%lignin; L3: 3%lignin;

N1L1: 1%nanocellulose+19%lignin; N1L2:1%nanocellulose+2%lignin; N1L3: 1%nanocellulose+39%lignin; N2L1:

2%nanocellulose+19%lignin;N2L2: 2%nanocellulose+29%lignin; N2L3: 2%nanocellulose+39%lignin; N3L1:

3%nanocellulose+19%lignin; N3L2: 3%nanocellulose+2%lignin; N3L3: 3%nanocellulose+39%lignin

Figure 3 Tensile strength (a), elongation at break (b), total color difference (AE) (c), oxygen

transmission rate (OTR) (d) of biofilms with different lignin and nanocellulose content
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