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Feasibility of Using Near-Infrared Spectroscopy to Detect Spores of Anthracnose-Pathogenic

Fungi in ‘Namdokmai Sithong’ Mango Fruit

wWAN3EN AUBEN 29NN 1509 1U5TA auquwa® wangeal Nalass® waziinwla Ausuia

|3,4 134%

Katthareeya Sonthiya' Onuma Ruangwong® Parichat Theanjumpol®* Phonkrit Maniwara® and Pimjai Seehanam

'neititenansuazlgianans AnzinsnsAnans inanendendaslud eneles Swdaidsslun 50200
1Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Mueang, Chiang Mai 50200
2 a A a = - = o | e N o o = '
nAdTigIneuazlsrie AnznERIANART anendeTiesud a1newies Smdnidaalud 50200

zDepartment of Entomology and Plant pathology, Faculty of Agriculture, Chiang Mai University, Mueang, Chiang Mai 50200

o

‘Auduinnssumalulaindinisiuien nesdadiuuaslsranuielss lemmainenmans d9auasudnnssu dninauldnnsenaos
ﬂiz%i"]\‘lﬂ’]?’qmuﬁﬂﬁﬂ AR INUUATUTANITN LIATITINT NUNN1 10400

*Postharvest Technology Innovation Center, Science, Research and Innovation Promotion and Utilization Division, Office of the
Ministry of Higher Education, Science, Research and Innovation, Ratchathewi, Bangkok 10400

4 = o = o < ni & a o a 1o A o o ]
@um%mmiu‘i@wmmimumm AUZINERIAARAT NInenaeTealurd anneiles Sandadesluad 50200

*Postharvest Technology Research Center, Faculty of Agriculture, Chiang Mai University, Mueang, Chiang Mai 50200

* Corresponding author: pimjai193@gmail.com
(Received: 29 October 2024; Revised: 3 December 2024; Accepted: 24 December 2024)

Abstract

This research aimed to detect spores of anthracnose-pathogenic fungi in ‘Namdokmai Sithong’ mango
fruit using near-infrared spectroscopy (NIRS). A spore suspension of the fungus Colletotrichum spp. (10° spores/mL)
was tested for fungal infestation on the mango fruits. Twenty microliters of spore suspension were inoculated
on the mango fruit peel. The sample was incubated in a moist chamber (100% relative humidity) at 28°C.
The results indicated that after 72 and 96 hours, the ‘Namdokmai Sithong’ mango fruit showed symptoms of
anthracnose disease. The NIR spectra of Colletotrichum spp. spore suspensions were measured directly onto
a fiberglass paper at a concentration of 10° spores per milliliter. The NIR6500 spectrometer was used to measure
NIR spectra data in reflectance mode over a wavelength of 400 and 2500 nm. The spectral data were analyzed
using Principal Component Analysis (PCA) and Partial Least Squares (PLS) regression. The results indicated
that NIRS could be used to detect spores of anthracnose-pathogenic fungi in ‘Namdokmai Sithong” mango fruit.
Moreover, the wavelengths at 1340 - 1344, 1725, 2300 - 2380, and 2400 - 2460 nm were identified as key spectral
ranges for detecting spore suspensions. Therefore, using NIRS, it could be possible to detect spores of
anthracnose pathogenic fungi in ‘Namdokmai Sithong’ mango fruit.
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NJU Maejo Journal of Agricultural Production 2026 8(1); 109-122 110

unAnsa
a o gldu/

= L Aﬂl '3 ‘ﬂ’l 1 ] o e‘gol vl ¥
NRRsUddnglszasdinanmamalesasautenelsauauunsn ualunzainaiuginnenlianesingld
Wesaunsnsaaidninsalnl Inewmranalefuriuaeaueaaasn Colletotrichum spp. ANNENTY 10° dUasse
HaAan7 lienAaaLNITEIINaN 89 TIe I UURL TeINaNEH Nslgnatesuaauasy Usuins 20 Tulasans
UBHI289HANEHN ANTuUTTqranzaalunae AT udNAng 100 wWefidus udaiuinmlugraunu
grun)i 28 aaAaaiiad wudn Waandull 72 uaz 96 dalus nanzissiinenli@nesuansainiseeisn
wauunanlua uananidnanmin NIR aasdtlasuaiuanai@as Colletotrichum spp. AMNIENTY 10° dilafse
Hanans lnavanadasiaouany Usuans 1 8adans asuunseaEnsaaialawia andudnaidnasu NIR
VR d y = . v v as
WLLNNTALYAUNALA2ELATAY NIRS6500 NM9ANLN2AAL 400 - 2500 W TwunT waadiAsziailnafuaa8as
Principal Component Analysis Wag Partial Least Squares regression WU NIRS @1190m99aunaLasiaouans

28929118 17ALaLWNIN LA LA BNRAEINUIIAMNENIAALN 1340 - 1344 1725 2300 - 2380 LAy 2400 - 2460

wlwams iupueieduidaAylunisasamalesuaiuans fetu n13ld NIRS aslpanudulllanaz

i ldnsamalesesdeielsawenunaniualunanziaiuguinenidnes

AdAny: nsnaaaulaglivinans wzie adesiauaat

Taauenunsnluadulsaiid ”r:y?izgmm
LR TmﬂLfawqxmiﬂqnimmwmmﬁﬁ?ﬂuﬁulu
Uszmalng Tspuanunsnluagiunsaifsauldnann
q@mimam (polycyclic disease) Lﬁfaqmm%@i’mq@
Co//etotr/chum%uﬂm%mwmmaﬁaim A11190
a¥1adanaeneiugiuan vl Aedanalfaunse
dsinanandnualdnannyial wazidnvinanefield
ynszaznisiasLinln nnsaauanlsainlain
wanwileannnisidiinanenanziqagadguns
wuemstaslsaueuunsnlugldi Bonly fs Auly
adu wavmen lnadanalduanaainislulvg
(leaf blight) Tamana1 (blossom blight) Tanen sl
(panicle blight) W@ Wamne (mummification) WA e
Aduganne (die back) Fafuunasazanua TN
(quiescent infection) 2891303102014 AN g
AR AN AN FLUTNABAUAZUAAIDINITAN
LEATLAALAN AT ANA LT LUAFINNT TN FAN

o

AAAWN BN AT ULNANTNG WAZLEARINITOEN

. T e y .
naneilanain liianal ane et 1y LazyLRaag
(Jenny et al., 2019; Nelson, 2008) Y38 LT8 W 11
; . A . v . . o
0 sl anzaae lnAgnuTan e uaINsLA LAY
Al Nz An1TUdNL A (blemished fruit) Tom
= o o &
wenunanluaasgnaniulsaluszasnainisiuien
(postharvest disease) (Chantrasri et al., 2008)
\Tasnana Colletotrichum \wimaanivene
Teanauunsniug TalNgenAuvanaaiin viatinng

o o

Aurugaeaimasn Colletotrichum spp. # 2 WU A

[

19RURUSULLAARINA (sexual stage) WAENIT

D

o o

Aau @LL‘LI‘LIM@’WT?JLW% (asexual stage) N78N"T
Auriuguuue A Was1aza¥1e Perithecia was

wa3tysialiiidu Ascospore daun1sAuR UL
C ¥ y , o
TlanAeand @as1azaie Acervuli waziasoysalil

1l Conidia Taainlii@asnNdnianenanzdag

& o &

aziinsauiuguuyliendumea Tugguuidugo
nzdagnidvnanedange asanfunzaoal
A NaNYsallunNdan uar Acervuli A1N130)

wnsnszanaledne (Bagshaw, 1989) Tnadnfiuan



NJU Maejo Journal of Agricultural Production 2026 8(1); 109-122 111

Conidia H31s9pdnaldvzagirauauulfadnides
\ila Conidia AufiafufnresnanztasiinfAnfuin
ranaNzduaziiatdusaauratduIuIALan
@’m‘&u Conidia 514 germ tube LA subcuticular
hypha @519 Appressorium \iedaeiia Conidia fuRa
JadNaNTALF 0T cuticle udaunsnszans Tl
L‘ﬂ'ﬂLﬁ'ﬂ@"]uﬁi’N"] NI BIINIZWINaEAa (intercellular
space) (Jeffries et al., 1990)
Wefaunseeailningalni (Near Infrared
Spectroscopy; NIRS) 1iluin ﬂiuiaaﬁgﬂﬁwﬂ%
agnaunsnanalunisdszilivguininiaglaivinane
HAREA TAtenAunanN1Tdw (vibration) 2189WUEY
neluluianazesduriddanslundnug sanfundu
wAUREFAUNTIA (Near InfraRed; NIR) 429A213
819AAY 800 - 2500 unTuLums 1ile AN sduTes
WuarAIaiUAINATeIARLLES NIR AZIfANTs
AANAULAY (absorption) %ﬁmmmnﬁuummmm
Unlddszuaanalunisiasefidalsunnunay
ﬁmmmwﬁﬂiﬂ (Osborne et al., 1993; Thanapase
et al., 2012) Avet1enistlszensld NIRS lunnsg
A3IRaaLUANINNEHR TALn Rungpichayapichet
et al. (2016) $1891%U41 NIRS @11N30YINUNLANTN
nanannLazdiulszneauniaaiaesnsdagls
U AL (firmness) Bannaesuiaianus
fiaraneiinlg Bunansasanuaitlnmanld uas
AmiiA114N (ripening index; RP) FINLAN A1 R
AL 0.82 0.90 0.74 LAz 0.80 ANNATAL WAL
AN SEP MU 4.22 Ha6u 1.20 waz 0.38 iasfidus
LAY 0.80 ANNFTAL wenANi Theanjumpol et al.
(2013) 1814 NIRS lun1sm39agaudutlsynaunig
\ilfiTnaremnnTeNzsnaiutnanfdnes
WATHU Keitt Feldun ﬁﬁm@ﬂgiﬂm ﬁfmmsg‘llﬂm
NIATAIN NIANIAN Wil9 waziiaglas LAaTWLIN

A1 R® SEC SEP A Bias 184NEaNyNaaane g

Tadunnsinai Tned R® HAwinfiu 0.99 A SEC was
SEP A1N41 0.50 wazA Bias HANINALALN 0 vialiely
#nn9useynsld NIRS Tunnsmsagaaunisidnvinane
Aﬂa’ 1 o 5 901 vy = %
1ei@091 lunanziaviugiinanli@nasandas

GR Wongsheree et al. (2010) was Chaiareekitwat

12
&

(2012) Anwnnsilgnidies C. gloeosporioides 1t
pauzinadaeRns v AL AL udaRmAgaL
a1n19189i3AR%8 NIRS Inan13dauLL Reflectance
mode 929NN AAY 900 - 2500 U T1LNMS
WAL Interactance mode ﬁﬁqx‘lmmmmgu 780 -
1100 W TsaAs ANKANAL TINLIGT @ 1N FARTIAGAL
ann1sraslsauanunsntualunauzaingléfisysu
AN LN 89.0 way 90.9 Lilafidus mrualau
vaNAN Seehanam et al, (2024) 3129713 1 NIRS
#8In199ALLIL Interactance mode AT24ANE
AAL 800 - 2500 W1 TLLUAT AI9EBLIRINN3184T5A
wauuwnsnlualunanziog Tmﬂmiﬂ@]m%mﬁ
faedani1gldnn liiiauIALEa Wud1 n1sAATIE
49 Ha #2838 Partial Least Squares-Discriminant
Analysis (PLS-DA) ta e Artificial Neural Network
(ANN) 21119039988 181N130849 1T ALAKWNIN 1A
IA ATy A UM N LAIUEN 89.0 LAz 98.1 11lafifus
ANNANAU Lanaliiud nasld NIRS Taannsdn
kUL Reflectance LA Interactance mode 214190
nraadavaInirrealsaneuunsniualunanzuagle
nsdlfatsalafeadamnalsaauunsniuaiiy
Ro184A081901ANN TERANITUNT NI AN LR ILES

=< [

agafiuseadndllnmnsuAae Reflectance mode

v o o

ﬁmmnmau@mmﬂm (detector) 4181909AN"9

'
£3 o a

@Z‘Vlﬂuﬂ@‘]_l"ﬂ@\‘lLLZQ\W]@@T]N’]"Mﬂﬂ'}"ﬂﬂ\iﬁfJ@ﬂ’]\ﬂﬁs{

o—

1% 13
o o a v Ak

suaudtafiasauladnunmonuiduldisues
nsdszgnaldinalulad NIRS daanisdauuy
Reflectance mode lun1sasaanialasuagiias

nalsauauunsniualunauzicaiuginnanli@nas



NJ\J Maejo Journal of Agricultural Production 2026 8(1); 109-122 112

aUnsaluazigns
masssaglasuiuaasraniasnalsanan
unsnlug
dhuanzdaaiuginenlddnesiinans
a1n13re4lsanauLnInluausTaadlunaasnaamn

¥
o A

padniNasn® AN NTULALA LT N 1A

[d)}

3

UUNRWRY (RouunRLafe 34.7+0.8 a9 LA LT d

D

1 1
S o

LAYANTHTUANNNTLaAe 68.5:0.7 1laFidus)
~ > a  a & .

WanszAunIsRsyLlAuinyedasndunialsa
LERLNINIUA AUNTLNUTRINAFNa spore mass
(Figure 1A waz 1B) Tag spore mass Hanurouzidy

% a =2 o 1%

nNezanAauAANDIAENANTNY AININAINNAD
“g@mi‘ﬁﬂuuummﬁi@ (stereo microscopes) (Figure
1C) WAz Conidia 2894T831 Colletotrichum spp.

a o o 1l al o
faneuziduradinen lauwazldld wilvung

gUldu3anss? asauiaanaaridesa Aananain
naavqanssAluuyldiaas398A1 (compound
microscope) (Figure 1D) A1N1iuiNN19UgniTasas
UUBINITLALNLTE PDA (potato dextrose agar) (No.
GM096-500G Granulated, Himedia™ , India) ay
' & v v a .,
uumﬂﬂumﬂmuqugmuqu (incubator) (MIR-553,
o - o g
Sanyo, Japan) N UUNHN 25 aIAILTALTLE AYTHTY
Funnfiafg 65.4+0.3 afidus faudunisliuas
WgaaLsaimus IensziunisasgAuiaadule
£y o Lo PR | a
WATNITAUN198F19 Conidia Waliasnalsmiasey
ANATUBIVNTALNITR WHNUINAULEHAT 5 NadART
wanldidsnzedulaiiialy Conidia ngaaanainidu
laanniunseadulaaanainddesiacuaefag
¥ d’ b4 v '3 dy
frunqune e lilaadefuaquaesaedidinsn

Colletotrichum spp.

- conidia _

Figure 1 Anthracnose disease on A) ‘Namdokmai Sithong’ mango fruit B) spore mass C) spore mass unit of

Colletotrichum spp. under a stereo microscope and D) conidia of Colletotrichum spp. under a

compound microscope
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Figure 2 ‘Namdokmai Sithong’ mango fruit inoculated with Colletotrichum spp. after A) 24 hours B) 48 hours

C) 72 hours and D) 96 hours
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Figure 5 Regression coefficients plot for PLS model using: A) original spectra B) standard normal variate

spectra C) multiplicative scatter correction spectra D) first derivative spectra E) second derivative

spectra F) mean centering G) standard deviation scale and H) mean centering with standard

deviation spectra
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