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Optimization of Cellulose Production from Orange Pomace by Acetobacter xylinum

gniam andaw l@hias Yy 839 auAs el waswess Wauna

Supavej Maniyom’, Sathian Boonkum, Siriwat Jinsiriwanit, Patcharee Pattanagul

AUEEARINITNINEAT NInenaendenTud 4.3ealua 50100

Faculty of Agro-Industry, Chiang Mai University, Chiang Mai 50100, Thailand

* Corresponding author: Email: supavej3117@gmail.com

(Received: 6 January 2025; Revised: 13 June 2025 ; Accepted: 26 June 2025)

Abstract: The objectives of this study were to determine the optimum concentration of mannitol (3-7%) and
yeast extract (0.3-0.7%) as well as the optimum shaking rate (0, 50, 100 and 150 rpm) for cellulose
production from orange pomace by Acetobacter xylinum and to examine other qualities of bacterial cellulose
and marinade. It was found that the cultivation of A. xylinum on medium made from orange pomace
supplemented with 3% mannitol and 0.66% yeast extract gave the highest cellulose yield of 25.31 g (from
30 g of orange pomace). The addition of different amounts of mannitol and yeast extract affected the
changes in color values, L*, a* b* and moisture content of cellulose sheets, as well as reducing sugar
content, soluble solids and acetic acid content of the marinade. While the optimum shaking rate was 100
rpm, the maximum cellulose yield was 42.82 g and the maximum acetic acid concentration in the marinade

was found to be 2.93 g/L at the shaking rate of 50 rpm.

Keywords: Orange pomace, Acetobacter xylinum, cellulose, marinade

Copyright @ Journal of Agricultural Research and Communications. All rights reserved.

123



Journal of Agricultural Research and Communications 41(3): 123 - 137 (2568)

unAnsa: fi”mqﬂizmﬁ’iuﬂﬁaﬁnwﬂuﬂ%ﬁﬁ@ Fasnismanadudufinnzanaesinmaunuiines (3-7
wWesidus) wazdasenwnsnyt (0.3-0.7 wefidus) PN AIERINN TN TN Z A (0,50, 100 uAZ 150 781
mamm Iumammmm‘lﬁmmnmﬂ'ﬁmim Acetobacter xylinum Uaz mm@ﬂmmwmu@u 1 1091789 laAUAY
st Taanwdn e A, xylinum aanansnsiinannnndaiiintnmausines 3 wefidud LLmﬂam
w@ndunsnst 0.66 wefidusl vinlilasunnuaaglaagagawinty 25.31 nfu@nnindw 30 niw) nadNTAg
wuuiineauazdamidndunsnilulSuuiiuansiudeasenislaeunlasdnd L, o, b* uazisunm
mw%m@\uwiuwmq‘im Hlasandadsunaiimasnnd Argeudiazaneld uasfunninesdinges
vt luanifighimsidnfivsnzasie 100 seusewd TnelsBunnaglangegaviniy 42.82 nfu uay
wurj']VLm”mmLﬁuiuﬂim'aﬁﬁﬂiuﬁwﬁﬂqqqm 2.93 nfusladns Asnansiat 50 sauslaund

AAATY: NNdu, Acetobacter xylinum, (8 lag, shwin

unin *fﬁLamwﬂﬂixmumiLLﬂig‘ﬂzﬁ”uﬂzmmiﬁﬂmmm
arfuaulunsnaniuanssdansiag (Moukamnerd
Yua939/ (NATA de coco) dmiflulna  etal, 2018) atnelafimin nnananfuatsduas
wipA lsstanwanlaannng (dietary fiber) aglungu ﬁﬁﬁumﬂwﬂﬂiﬁ’lﬁﬂ?mmqq %u@g’ﬁuﬂwﬁ’wm |
1aqimaglaa aannsnuinaudsgididueunsate ldud wnasansueu Tulnsian evnsdiu atnans
waulduansaiin iy fuseauta :auing 1wad W09 Aunse uazantzildluntovln sy

atatuiinifiey WHINEWTULN 8N meﬁluj (Khemacheewakul, 2017)
(Monmai, 2025) mwam’;umim"lﬁmm%iﬂlﬁm Tnavialdunasanfueuninauiiun 14l
annszuaunaminaesuaiiGanseindu (acetic n3-uanimaglaaaNAUYIHAN WIS A. xylinum
acid bacteria) lfuri Acetobacter xylinum@slu  Aa nglaa uenanil aglaadedainssld
nszuaun s ld N (marinade) Aflsaiaen  arnunasAsueuTiingy 7 v mimimm‘lﬁm@q@
aunsaiunnamduinduaneguainld dagAu Aeafidaisuen Suam 5 vike 6 avaen TedTnuan-
ﬁﬁﬁmlﬁlﬁﬂmamiumwﬁﬁ@ inzninannua A led annfn ueanesed uaznIndunisel sy
uewiraun siseldirnalfaiinming 7 umaunuld  (Khemacheewakul, 2017) Mohammadkazemi et al.
ugassAnanwziiujuaeeag AU TUY (2015) AnEuNgIAFUaURMNN TN lUN1THAR
win LL@vmm‘wmmqwmﬂummﬂmumq Salseney  fuansed anianaunuines G indey
lfaensnesdaniilsainlion ( (Promwongpo et al., Aunuan waznglag wuan nsldiaauuines
2017) WuwnaspfueauinlildBunnananjuasssd
ﬂmuuqumﬁﬂmmmmmmwmwmﬂ a;\‘i‘?{zgm 'aimvliﬁmuﬂ?mmﬁ%ﬁu@gﬁmﬁmLL@:
mum mu umuﬂ 0 ¥aned dnmnauy (whey) ﬂ?rmmmmmevl,uimmuﬁlLﬁumiﬂuzﬁmmmi
vweihia vhana ma\;u AnsAnELLTaULe Y Aagl Boonpan et al. (2010) HARKEAGIA&AN A. xylinum

ﬂ?‘mmm@zﬂmﬁlmﬁmiﬁwmmwﬂnmmﬁw?ﬁ ‘Em”l%’mﬂﬁﬁmmﬂwfmﬁu WU LUATIEEAINNID
A. xylinum annnasldTagAuTiLand1aiu wudn m”'mLLsJuLsnaq‘E@vaé’munmﬁﬁm@ﬁ'ﬁﬂ?mmm@<1
mﬂ%ﬁﬁ'ﬁuLﬂufmqﬁﬂunizmumwﬂﬂiumam’ wietanuaiazansly (total soluble solid) 12 89/
Rl A B nfugeiigawint 0.65 nfwanntindu uind fies 5.0 wenluilaudainfasaz 0.7 uas
Favan 100 5w (Kurosumi,2009) Faneaiinnsuin Burnindesudulenas 10 Tnaldrrazinanly

124



anmsivnzanlunsuanaagiagannindulng Acetobacter xylinum

st 12 51 dain il duduiaaglaaiinanaumun
Wi 1,61 [URNAT WAzt 96.29 Ny
(mnmnﬁﬁm@‘?{ﬁﬁwmLL%Q%:@WW 65 B9AN
13ng Usumg 37 Haaams)
uenanigalgtinsinasiasanasiug
drnenliunldiluunasannislunis A xylinum
TISTR 975 wazw1dan1azimunzanlunszuau
s wudn BN sesuidiazaneninld 8 aeen
U3nd At 4.0 wanlufaudamndaaas 0.5 (w24
falsuIms) L Ea Ui uSesay 10 (5um3me
U5um9) Wuanasfivmnzanlunisudnfuanssd
Taaudanisudn 10 3u arursoudaniaaglaals
Uunnugagawinniy 43.83 ndu (Weuwiniulduzaing
srmenlst 15 n5N) uazldAanunuIinfy 5.05
TadaLumg (Promwongpo et al., 2017) Yodsuwan
et al. (2012) Anwrunasanfuannariulnsiaud
WMHzan NI INARTUAITIA WD nsiintiag
wuiineaienas 5 aslueamnsiaEede A xylinum
TISTR 975 mslmmmmmmmmmmmaiamim
4940 (fnmanTmily 5 LV]’]LN@LV]EI‘LIT]‘LI@’]M’]?L@EN
mmmmmu) immmm@mmmﬁﬂim (i
3 mwmmmmmmumm) wazuvadlulnsiau
fumnzandviiensade Ae TadENTunsnyt
(yeast extract) smslfﬁﬂimmi'am: 1.0 AR9DIUNT
eaide WA BN nnaRAR fuAn s9Fg g
zﬁwi"ugmmﬁﬁ'mmmﬂumuﬁmé@
wupFaiiandnfuaisadagludag 25-30 gm0
aLTEa A. xylinum a1nnsaiastyuazaiieiaglag
1mm‘wmmmum 28 auANLTALTaa (Lahiri et al.,
2021) HBNANAEINLAN NsIfisFUneaNT LAY
TUsndNensTLINNN SAE TR e AT e A anase
nsuanEaglad Inewuan NsLRNAYINISINNIEN
a1n 50 tilu 150 seusau? inlddIuimaeensa
nzg‘l:mﬁﬂlwfwﬂﬂLﬁu‘fmmﬂ?mmm@@uimmm
(Tantratian et al., 2005)
muﬁﬁmﬁuﬁﬁﬁmqﬂizmﬂ“LumiLﬁmg,@m
WiusagAumaefieainnisiilaendumuninla
(orange pomace) Viiﬂim%ﬂ?ﬂﬂmﬂmuﬂigmﬂu

125

X ¥ . . e ey s
NVNTAELTRANUTL A. xylinum Ansindde ldAns
anaznmnizanluniaasTalaan RN LA
AFuanLaz lulnsiaulann dimauNuines wag
A anNTuNInNy MINAIAU TANDIANHITAIN

1 1 o dgl dl Ul v
ArgLaeinlugy winanszuaunisulniae LW@WL@
waglaauay ORI P IR mmmwmmm
wazanunInun iR Aegenie AN
yar@udaniaingaumaeldnienisinsassiall

L4 aa
aUnsaluarisnng

o
a

1. \imqdunsd
g -

Lm@@gﬂumﬂ Acetobacter xylinum [a1N4111
WALIAETININNINITNHAT ATUTRAIUNITH-
NEAT NANaAenTae Iy TNITINIZIAtaAQs
aru1sasTandsrnaulldas Uanzwdiq 500
HadaRs WINaw 500 Hadans nglaa 50 N Bash
#im 10 n53 lawanTudleunaginm 1 NSy nInd N
1.5 N5 LasuNNDT@aNgamm 0.5 NFN LATLANLENA
uaa 3.5 iafidus (Ufuidgeann Coconut water
glucose media, Alsawehli et al., 2021) i ldaing
qrUNYH 30 a9ANTALTEA WL 14 Fu A uduldimu
2 X .
asluasiassmani ndusialyl
2. IYAUNINAN
AUANHUIEIRN AV BANTINTA LAY
A70 ANnanNane f9udameaalud dnnndunwiae
AINNITAUNNY H1aUgUugR 60 avALTaLTaa
14714 48 T TH4 (Tray dryer, Semon, SI-CO12G, USA)
waagu N unaziaealFidung (Braun, K750,
Germany) IRz uNI9TaULLNA 10 LN (Sieve Shaker,
Endecotts, OCTAGON 200, England) saulilang
~ = ° Y v ) =
azidan dnndunanlaussqasgellaniinuay
. .
AUl
3. AMUIFLARNLITR’NNNINAN
UNINdNe 300 NFN NANYNFRURUUAN
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ihlidesindedaansfeiisnnnumileiiguugdl 121
AIANTATEE UL 15 1T Aarald I duneu
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afidus) Ty T ALIEaN AL A19UHLANS-
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analysis of variance (ANOVA) 31A91 w’ﬁy u'ﬁl PMEMEN
FeaD response surface methodology WAZANUITY
AP ANZANANNNS optimization Aaellisunsu Minitab

42 N1IVERIINNTIEN TNz AN se
N191RE A, xylinum lyavisiagaianindy
ANUHUNITINANRILLLIL completely randomized design

AATzianuudslsunieatiinqeds ANOVA Tag
¥ANINAREITA 3 A LR UAMNLANGNTDS
Aedelngld Tukey method saalisunsu Minitab
5. N1SIATIZUHA

5.1 AuaszsiAmnanianam Tdun dawin
\ag lag drwminsinvan (Sartorius, Oerting, England)
AnRreedu L, a*, b* AndAweatinmln L, a*, b*
(Konica, Minolta, CR-400, Japan)

5.2 Aimanzfarnnaadl Taun AfiLes
(Benchtop, Horiba F22, USA) Sun A a3Aae
(Miller, 1959) U3unauanaudeiazanald (Atago,
PAL-Easy Acid181, Japan) ﬁwmqm%uﬁ”wm
(Camilo et al, 2025) wazUsuIUNIARSTHN-IATIZW
sunaunsnez@an (Ufuigeann Zaky et al., 2017)
#a81A3a9 HPLC (Agilent Technologies, 1260
Infinity, USA) TaeldvinviniBunns 5 lilnsans an
HuAaAN Agilent Hi-Plex H column (7.7 x 300
mm, 8 micron) ldFainazaensadansn 5 Haalu-
a§ figuunndl 50 asAimaidea shensluawintu
0.6 RAAAATABUNT NUUATZEZIIAN 27 UTIAD
[;l/']’af-‘_i’m?lm‘i’]zﬂrLL@xL‘J@’]ﬁmm@WU@@ﬂu“ﬁN 16.1-
16.2 1171 lAsunTnunInTR9ANTHIRSILLALHAIRE
dvininsedemsinsnesaanuandly Figure 1

R
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Figure 1. Chromatogram of acetic acid standard (A) and marinade sample (B)
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NANITNAXRY LL’&%%Q']%‘I’J

ANNNITANHITEAUNITLANUI AN A LN

neadsunns 3-7 wlefidus wazdamandunsnyt

Funos 0.3-0.7 wafidus wudn 1nenauuiines
Larfamandunsnyidenaranisilasuutla
ADAANEHLZANG 7 TN vhminisaglaa Ad LY, o
WAL b* ﬂIBQLLNuLGﬁ@@ITﬂ@ (Figure 2-5) ﬂ?‘mm‘i’]m@
350 Anveauiafiazaneld tunmmannty uaz
nIMaLAFAn (Figure 6-9)

A11 Figure 2 W13 A AN AN ALY
Anaaluszusndanruiamndunsnifluss g
z@'w@“lﬁ’mwamLsn@@ﬁ@a”lmuﬂ?‘mwﬁumﬁu
Gaanaunisly Table 1 14Aa1NN13A w0
(predicted value) 184131 uLag laagegaLiniy

25.31 053 waldunuines 3 wefidus wasdast

WNFunsnt 0.66 1afidus Matln sANLIANALNY-
a - X \ Iy a A A a
ineangeau denaliuuanizalfiiniananiiu

nanlAinaw (Figure 9) aiinanlulFunnigavinli

ANNNENIMENdUANssA sz aNLazHARLIAg IA]
lf1iaeaa (Khemacheewakul, 2017) agn9lsfinu
s B ME adEnTunsnsidenalinisaan
aglagléanniu (Figure 2) Genafildaenadesiu

Mannitol (36)

2) Inen1sLInNy
UNITAIARD

4114292999 Yodsuwan et al. (2012
Uannuvaslulnsiauliiuideqd
Psununisuanasim o las fansnadaue e
unasAFuausa lulnsiauds Lﬂuﬁ@f«i“ﬁwmﬂtg‘lu
mmﬁmm@@ﬂ@mmﬁ@ A. xylinum anmae (Zhang
et al., 2016)

ANA LY, a* ung b* revuugaglaautls
fumutBanaunafisinaausineauasaasmiand
Wn3Inyt (Figure 3-5) FamsFuTeaLLuTnes 3-7
weafidus fanfugasendunsnyt 0.3-0.7 wasidus
WU ANA L*, a* uaz b* HeAnagTutos 44.34-52.82,
0.65-4.59 LAY 14.04-21.58 ATNATAL ANNHANT
nanas IdianunaFasunnsuans AL duTiLE
srvdnsinaauLTnen SaMEnTunIny uazend
WU91 ANAINALNN (L value) zgﬁ{zgmwhﬁu 52.47
dlalutinnna 4.09 Wefifus éqmﬁuﬁam’ﬁnm’
UNINA 0.41 Lﬂfawnum ANAWAY (a* value) mwm
Winf 4.42 Welintinana 6.07 wefidus sauiu
gamandunsnyidTnaoe 0.70 tafidus wazmn
Andes (b* value) gefigaiiniy 21.37 iilaifiu
¥1ma 5.13 wefiius saufuiadisndunsni 0.70
wafidusl (Table1)

~ 060

“ 045 Yeast extract (%)

Figure 2. Effects of mannitol and yeast extract on cellulose weight of cellulose
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Figure 3. Effects of mannitol and yeast extract on L* value of cellulose
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Figure 4. Effects of mannitol and yeast extract on a* value of cellulose
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Figure 5. Effects of mannitol and yeast extract on b* value of cellulose
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i a3 lusinunengd el
Lﬁuqqﬁul,ﬁ@Lﬁuﬂ?mm%m’Lﬁﬂeﬁ‘Lmaﬂmumma
Lé{ﬂ\u%ﬂu’m%u (Figure 6) AINENNI3 U Table 1
amnsasuaniunninansAadgeanld 20.77
nfusiaans aeldannniainiiaawuiinea 7.0
wlafidius uazfiamendunsnit 0.7 wefifus §usy
ﬂ?mmmmLL?"]qﬁmmﬂiﬁMﬁwﬁn (total soluble
solid) WA A AL e afinTuan 3 04

Reducing sugar (g/L) =

45

Mannitol (%)

6.0

7 Lﬂfaﬂ%uﬁv‘iﬂﬁﬂ?uWmm@\‘uﬁqﬁ@vmﬂmuﬁﬁ
wmwummuﬂmmuﬂmﬂm (p=0.05) Vaiilaan
ummLLuuummﬂuummwmmm@ anel
1&5‘1,141&'1 (Shrivastava et al., 2021) ﬁ\iﬁumimmﬁ‘mm
28911 ANAA9N W AN NNT0 AT LA LT U DL
mmLLﬁqﬁ@:mﬂHLﬁ'ugﬁuﬁmm (Figure 7) Tneipn
ﬂ??mmmmuﬁqﬁfj”mvlﬁﬁ”@gﬂuﬁw 13-16 29AUTNT

< 045 Yeast extract (%)

Figure 6. Effects of mannitol and yeast extract on reducing sugar content (g/I) of marinade

TSS (°Brix)

Mannitol (36)

Yeast extract (%)

Figure 7. Effects of mannitol and yeast extract on total soluble solid (°Brix) of marinade
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LA Al T LRI HAR AT AN A A
(Higuchi et al., 2014) ‘Emmnmum%imsﬂum\i
82.20-89.05 \Wafidus d1usuisununsaasdsn
gaatmsnasuulaslanuBun i nnauud-
NoauALE A aNTunnTANad eI AL T
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84

|
\
a2 .{ 49
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(Figure 9) Taawuan MAFNLEN AR LNUTNea 5.38
wWefdus wazdasiandunsndt 0.34 lafidusf
'mmfmﬁflmmﬁ’mm@:%mmﬁmﬁﬂiﬁzg‘mm
WINAL 0.77 NSNAaARS (Table 1) Imﬂﬁ"\i‘ﬂmm‘gm
M mﬁmm’@mmuﬂﬁuﬁqﬁmmg nauue by
dnduanaguiindesinsnezdanliddenndn
4 1lafifus (Nan. 83-2527) FaduannnsHARTNT
Free1mInnduR I n AL Lneauasiasian
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© 060
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“ 030

Figure 8. Effects of mannitol and yeast extract on moisture content of cellulose

Acetic acid (g/L)

Mannitol (%6)

Yeast extract (%6)

Figure 9. Effects of mannitol and yeast extract on acetic acid content (g/I) of marinade
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Table 1. Regression equation and maximum predicted value of dependent variables on optimization process

by using Minitab

Regression equation R? Mannitol  Yeast extract Predicted value
Cellulose vyield (g) = 7.2-(4.41*A)+(89.4*B) 0.7538 3 0.66 25.31
+(0.503*A*A)—(60.7*B*B)—(2.91*A*B)
Cellulose L*value = 35.4+(2.48*A)+(58.6*B) 0.8032 4.09 0.41 52.47
—(0.235*A*A)—(64.3*B*B)—(1.39*A*B)
Cellulose a*value = -1.78+(3.48*A)—(19.4*B) 0.7382 6.07 0.70 4.42
—(0.350*A*A) +(14.0*B*B)+(1.11*A*B)
Cellulose b*value = 28.40+(4.99*A)—(106.0*B)  0.9418 513 0.70 21.37
—(0.432*A*A) +(114.0*B*B)—(0.81*A*B)
Reducing sugar (g/L) = 29.0—-(1.86*A)—-(14.8*B) 0.7133 7.0 0.70 29.77
+(0.056*A*A)—(4.5*B*B)+(4.82*A*B)
TSS (°Brix) = 8.10+(1.933*A)+(1.00*B) 0.9836 7.0 0.70 16.04
—(0.1579*A*A)—(3.29*B*B)+(0.625*A*B)
Cellulose moisture content (Yow/w) = 0.9279 3.0 0.53 89.06
82.18+(0.53*A)+(27.6*B)—(0.175*A*A)
—(24.4*B*B)—(0.57*A*B)
Acetic acid (g/l) = 0.011+(0.252*A) +(0.397*B) 0.8384 5.38 0.34 0.77

—(0.0232*A*A)—(0.466*B*B)—(0.0150*A*B)

The letters of A means mannitol and B means yeast extract

AauAsIINuangaglaaaIneIuig

= g A a % a A &
AR NINANNANITRNU AN ALNUEND ALAZ B AR
WNTWNTNY 3 LUaFL T U waz 0.66 tUaFidus

pana Ay el A. xylinum anunsnainaaglas

Tagengn aenslefimnnu A xylinum 1uqaunsel

fideannseant ulunasyiEuis (Khemacheewakul,
2017) AsAsLde LU ENALT U s ANaNnIA
lﬁﬁ”uL%@Q'Suw?ﬁ’ﬁﬁlﬂumiwmmﬁﬁnmé’mmmi
|7 0, 50, 100 UAT 150 TAUAAUAT HARINANT
NAABINLAN N3iAeaITelaelFnn st TiAaLL5
sULANANSRugInadani Tl Anuutlaeliunmn
viaglag mmmmmim 7AND9ANR mmm
ﬂa‘mmmm@aﬁmﬂ A1ANTY uazFunniinena
SPnfansinmin
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mmmmﬂmmmmumwﬂu WUIN NI9LAEN
fiAnuIS9 100 sausaT 7 Rl B auag laaga
NaAWINAL 42.82 nFusanIndy 30 nu (Figure 10)

;9
=

FILNAN LA AAAARDITUNNUIS eI ARG Tantratian et al.

D

(2005) AANEHATRIRENT AUT ATa1E luE T
wznirnsenisafrvaagiaaues A xylinum Tnelata
duFeniuAelisziuanuEs 100 seuseund denan
waglaagagaminiy 2.67 niuseARTTemHENEY
nainERsaluninathazin i neaniiau
Qq%w,wi‘wudwﬁﬂﬁﬂ?uﬂmmmﬂ@‘ﬂmﬁn‘mmmmmi
Lﬂ'mga%uﬁw feluanazianandaaliinisaing
viag laglianas FafusnmnnaEnf vanzausians
AeRiTa A, xylinum Uiasnsnndaie 100 sevsetndi
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Figure 10. Effects of shaking speed (rpm) on cellulose weight (g)

Mean within the bar graph followed by different letters are significantly different at p<0.05

ANA L%, a* uaz b* 1esuluitaglaauay
dmiiniinnsuAsuntlasniusnsanuifaseyly
nngien (Figure 11 Lag 12) Tnaifleraniasnidlu
uluTaglag Wudn ANAINAYN (L* value) §agn
Wiy 53.53 1§annnisiaes@auus it (0 79U

1 = ol a o I
ABWNT) dIUANELAY (a* value) §egATBIHANA U

FATUTSAIIN2EN 50 waL 100 2aUARUNT F4d]
ANYINAL 7.09 LAY 6.33 AMNAIAL ANUTLANRIMAS
(b* value) HAgeaAWiniL 26.91 fisnannnsiaei 50
J0UAaUNT luaEin1IAIIaTA AR T8 1N M
WUI ATAINEIN (L* value) g9gaLniniy 72.20
LAz 69.16 Wiaidsadefiuuyliimen uazuuiaend
791 50 2AUABUN AINAIAY AVUFUANRWAS (a*
value) HAngegaLyiniy 8.58 fignsansiata 100
iﬂum'@mﬁ LATANALUARY (b* value) mﬁmmwﬁffw
49.84 mammmmmmqnu 0 Vme) uas A7
ma@mmm@ﬂ y Lm@mmmmmmumnsﬂu IGF
umu@mzﬁmmqﬂu 20.67 1iladmsnisiaeminfy
150 FRUABUNT
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devinismanadatliuinininesdsn
Fannalutinvsin wudn NM3LaenAignan 50 sause
wnit danaweind B ninsnesaRngeaaminiu
2.93 NUABANT NTLANNIULN TSR 150 TR
witin i ldnanezdRnlulSuusnfigawiniu 0.05
nfusiaans (Figure 13) mmm%ummmaai@mﬂ
Tudag 84.28-88.89% (Figure 14) mmammv
i mnasaadaesiminfias e nuLLe
AaEdnIga 0-150 sausau dnlaagdaq 4.34-
4.67 Uay 22.42-27.81 NSUAAARNT ANNANAL (Figure

15 LAY 16)
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Figure 11. Effects of shaking speed (rpm) on L*, a* and b* value of cellulose

Mean within the bar graph followed by different letters are significantly different at p<0.05

80.00

70.00

60.00

50.00

40.00

30.00

L*a*b* value of Marinade

20.00

10.00

0.00

72.20°+1.83
69.16°+1.68

51.79°+0.91

49.84°+1.76

46.845+2.55

42.90°+0.66

34.24°40.43

20.679+1.04

Speed (rpm)
EL* ma* mb*

Figure 12. Effects of shaking speed (rpm) on L*, a* and b* value of marinade

Mean within the bar graph followed by different letters are significantly different at p<0.05
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Figure 13. Effects of shaking speed (rpm) on acetic acid (g/l) of marinade

Mean within the bar graph followed by different letters are significantly different at p<0.05
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Figure 14. Effects of shaking speed (rpm) on moisture content (%) of cellulose

Moisture content (%) of Cellulose

Mean within the bar graph followed by different letters are significantly different at p<0.05
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Figure 15. Effects of shaking speed (rpm) on pH of marinade

Mean within the bar graph followed by different letters are significantly different at p<0.05
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Figure 16. Effects of shaking speed (rpm) on reducing sugar (g/l) of marinade

Mean within the bar graph followed by different letters are significantly different at p<0.05
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Abstract: Zebra chip disease in potatoes is caused by the bacterium Candidatus Liberibacter solanacearum,
poses a serious threat to potato production in Thailand. Although the disease has not yet been reported
in the country, outbreaks have occurred in seed potato-exporting countries. Therefore, interception and
preventive measures are essential to prevent the introduction of this pathogen and its potential damage
on the domestic potato industry. In this study, a total of 134 imported seed potato samples from six countries
— Auwustralia, Canada, the Netherlands, New Zealand, Scotland, and the United States — were examined
during 2021-2023. Diagnosis was conducted using accurate and rapid molecular techniques (nested-PCR)
in combined with visual inspection for zebra chip symptoms on seed tubers. In addition, field surveys were
conducted in potato-growing areas of several provinces in Thailand, including Chiang Rai, Chiang Mai,
Tak, Phayao, Sakon Nakhon, and Nakhon Phanom. The results revealed no detection of either Ca. L. solanacearum
or zebra chip symptoms in imported seed potatoes samples or in field surveys. These findings provide
an important reference for establishing import regulations for seed potatoes, and contribute to the prevention

and control the potential introduction and spread of this destructive pathogen in Thailand.

Keywords: Potato, seed potatoes, zebra chip, nested-PCR
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Figure 1. Symptom of zebra chip diseases on A: Potato tuber, B: Potato plant and C: Fried potato chips.

(European and Mediterranean Plant Protection Organization Global Database, 2024)
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Figure 2. Cutting tissue from the vascular ring area of seed potatoes for pathogen detection using

the nested PCR technique.
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Figure 3. The sensitivity of the nested-PCR assay for detecting Candidatus Liberibacter solanacearum was

determined using a serial dilution of a synthesized positive control DNA
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Table 1. Result for first examination for inspection the zebra chip disease in imported seed potatoes samples from

various country from 2021-2023 years.

Importing country Sample number (tuber) Quantity (Ton)  Evidence of
2021 2022 2023 Total zebra chip

disease by

nested PCR
Australia 16 22 49 4,316.32 not detected
Canada 10 2,349.00 not detected
Netherlands 7 3,37.50 not detected
Scotland 22 24 16 62 12,344.59 not detected
New Zealand 0 1 175.00 not detected
United States of 0 2 0.39 not detected
America

Total 43 54

37 134

19,622.80
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Table2. Field inspection for zebra chip disease following the planting of imported seed potatoes in farmer fields.

No. ID Year of Location Location (X,Y: GPS) Area Symptom of
samples  monitoring (rai) zebra chip

District Province

1 PVP1 2022 Wiang Pa Pao  Chiang Rai 19.209906,99.524330 15 no symptom

2 PVP2 2022 Wiang Pa Pao  Chiang Rai 19.212894,99.533905 1" no symptom

3 PMC1 2022 Mae Chaem Chiang Mai 18.505785,98.348495 1.6 no symptom

4 PMC2 2022 Mae Chaem Chiang Mai 18.516085,98.356354 2 no symptom

5 PMC3 2022 Mae Chaem Chiang Mai 18.516088,98.356400 3 no symptom

6 PMC4 2022 Mae Chaem Chiang Mai 18.503693,98.355118 4 no symptom

7 PCH1 2022 Chiang Kham Phayao 19.460657,100.336754 75 no symptom

8 PCH2 2022 Chiang Kham Phayao 19.458719,100.336143 175 no symptom

9 PCH3 2022 Chiang Kham Phayao 19.463728,100.340408 6 no symptom

10 PCH4 2022 Chiang Kham Phayao 19.470993,100.337334 20 no symptom

11 PTT1 2022 Thoeng Chiang Rai 19.680710,100.264610 8.3 no symptom

12 PTT2 2022 Thoeng Chiang Rai 19.707636,100.286598 2.8 no symptom

13 PPT1 2022 Phop Phra Tak 16.593417,98.776481 9.5 no symptom

14 PPT2 2022 Phop Phra Tak 16.593586,98.775317 2.3 no symptom

15 PPT3 2022 Phop Phra Tak 16.529611,98.746911 10 no symptom

16 PPT4 2022 Phop Phra Tak 16.554108,98.823697 18 no symptom

17 SKH1 2023 Mueang Sakon- 17.125953,104.290058 1 no symptom
Nakhon

18  SKH2 2023 Mueang Sakon- 17.131453,104.287633 3 no symptom
Nakhon

19  SKH3 2023 Mueang Sakon- 17.131328,104.302286 9 no symptom
Nakhon

20 SKH4 2023 Mueang Sakon- 17.131447,104.287642 1 no symptom
Nakhon

21 SKH5 2023 Phang Khon Sakon- 17.354119,103.760042 7 no symptom
Nakhon

22 NKH1 2023 Wang Yang Nakhon 17.063889,104.368097 1.2 no symptom
Phanom

23 NKH2 2023 Wang Yang Nakhon 17.062417,104.373553 5 no symptom
Phanom
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Abstract: Mechanical damage plays an important role in seed quality. According to high protein and oil
components, soybean seed becomes fragile during harvesting and processing, resulting in reduced seed
yield and quality. Mechanical damage to the seed is monitored after threshing and processing to reduce
loss of quantity and quality. Although the Indoxyl acetate (IDA) test is recommended for mechanical soybean
seed damage detection, it is complicated, expensive, and difficult to apply in the field. Therefore, quick
assays were conducted on 15 soybean (cv. DOA Chiangmai 60) seed lots to detect mechanical damage to
soybean seed, namely fast green (FG), ferric chloride (FC), and sodium hypochlorite (SDH), and the results
were then compared with the IDA method. The germination and vigor—as measured by accelerated aging
tests—ranged from 71% to 90% and 46% to 86%, respectively. The average mechanical damage to 15 seed
lots tested by IDA equated to 7.9%, significantly different from FG (11.3%), FC (11.2%), and SDH (11.6%)
methods determined by the paired t-test. The correlation coefficient (r) and linear regression (Rz) among
mechanical damage methods were analyzed, with the greatest significance found between IDA and SDH.
Although the mechanical damage determined by SDH was significantly higher than IDA, this method
revealed the closest relationship with IDA and exhibited the moderate negative correlation with germination,
as well as being the easiest, cheapest, and most feasible for soybean seed cv. DOA Chiangmai 60

application in the field compared to other methods.
Keywords: Mechanical damaged seeds, mechanical damage detection methods, seed quality

Introduction a thin seed coat, high oil and protein content,

unfavorable environmental conditions, threshing

Soybean, a leguminous crop, is widely processes, and seed processing or upgrading
used in food and feed industries. In 2023, Thailand (Carvalho and Novembre, 2013; VanUtrecht, 2000).
imported about 3. 28 million tons of soybeans, These factors are linked to a decline in germination,
accounting for 99.5% of its domestic consumption, vigor, and storability of soybean seeds (EI-Abady
from Brazil, the USA, and Canada ( Ministry of et al., 2012; Parde et al., 2002; VanUtrecht, 2000).
Commerce, 2024). Seeds are essential for food In some cases, the damage may be visibly
production, yet the availability of soybean seeds in noticeable, primarily affecting the seed coat or
Thailand is constrained by limited suitable planting internal structures, such as the cotyledon
areas. Moreover, the scarcity of soybean seeds and embryo, requiring specific diagnostic or
may be affected by intrinsic factors, such as genetics, quantification techniques (Zonta et al., 2011). The
and extrinsic factors, such as environmental indoxyl acetate method is commonly used to
conditions, harvesting practices, and processing assess mechanical damage in soybean seeds
procedures (Carbonell and Krzyzanowski 1995; (Paulsen and Nave, 1979) as it effectively indicates
El-Abady et al. 2012; Gagre et al. 2014). Together, the extent of seed damage (VanUtrecht, 2000) .
these factors lead to a decrease in soybean seed However, this method is complex and mainly suited
yield and quality. Mechanical damage to soybean to laboratory settings. Alternative methods for
seeds can be caused by several factors, including examining mechanical damage include the use
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of a fast green dye for corn (Marcos Filho et al.,
1987), ferric chloride for soybean (Gagare et al.,
2014:; VanUtrecht, 2000), lucerne (De Barro, 2008),
sodium hypochlorite soaking in soybean (Gagre
et al., 2014; VanUtrecht, 2000), and coffee (Zonta
et al., 2011).

This study aimed to compare other
methods with IDA and identify the fastest and
easiest method for detecting mechanical damage
to soybean seeds. This would enable producers
and farmers to quantify seed damage during
threshing or processing, allowing them to adapt
their machinery to minimize the loss of seed yield

and quality.

Materials and Methods

Sample preparation

Soybean seeds cv. DOA Chiangmai 60
were planted during the dry season of 2022 in Nan
Province, Thailand, and harvested from March to
April. Following mechanical seed threshing, all
seed lots were sampled for quality testing of
germination, vigor by accelerated aging (AA) tests
(International Seed Testing Association, 2022) and
mechanical damage by indoxy!l acetate (IDA) test;
the recommended method for soybean (Paulsen
and Nave, 1979). This step was carried out to select
seed lots with 0-20% damage, a range commonly
encountered in the seed production process.
A total of fifteen seed lots meeting this criterion
were identified and subsequently used in the
experiment. The percentage of mechanical in the
fifteen seed lots were then determined by the IDA
test, and other methods, including fast green (FG)
(Chowdhury and Buchele, 1976), ferric chloride
(FC) (Agrawal, 1995), and sodium hypochlorite
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(SDH) (VanUtrecht, 2000) were tested and compared
with the IDA procedure.
Germination test

Four replications of 100 seeds were
performed in a laboratory setting. Seed samples
were planted by the between paper method and
placed in the germination room at alternating
temperatures of 20<=>30 °C + 2 °C. Seedlings
were evaluated after eight days, and the number of
normal and abnormal seedlings, fresh seeds, or
in

dead seeds was counted and reported

percentage terms (International Seed Testing
Association, 2022).
Accelerated aging test (AA test)

Soybean seeds were prepared using four
replications of 100 seeds. The seeds were then
placed on the wire tray of an AA box containing 40 +
1.0 ml of distilled water and the lid tightly closed. The
AA boxes were incubated at 41 £ 0.3 °C for 72 hours;
the standard germination test was then performed,
and the number of normal seedlings was counted
(International Seed Testing Association, 2022).
Mechanical damage tests
1) Indoxyl acetate (IDA)

Indoxyl acetate (C, H

10" 9

NO,) is a biological
dye used to stain cells for analysis. It has been used
with whole soybean seeds for detecting seed coat
cracks. In this study, four replicates of 50 soybean
seeds were soaked in a 0.1% indoxyl acetate
solution dissolved with 10% ethyl alcohol for 10
seconds, removed, and spread out on a paper
towel before being sprayed with a 20% ammonia
solution for 10 seconds. Thereafter, the soybean
seeds were allowed to air dry for about 4-5 minutes
(Paulsen and Nave, 1979) due to the strong odor of
ammonia coming from the fume hood. The seeds

were then visually inspected for the blue - green
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stain and counted. The level of damage was based
on the percentage of stained soybeans or
color intensity on the soybeans (Figure 1). The
percentage of stained seeds were calculated

according to the formular;
%Mechanical damage of seeds =

Number of detected seeds x 100
Total number of tested seeds

2) Fast green (FG)

Four replicates of soybean seeds were
prepared, each with 50 seeds. Then, 50 soybean
seeds were placed in a beaker and soaked with
0.1% fast green for 30 seconds. Fast green would
penetrate any fractured area, turning the seed coat
green. The seeds were rinsed with distilled water
and spread out on a paper towel to dry at room
temperature (Chowdhury and Buchele, 1976).
Damaged seeds were visually identified by their
green seed coats and then counted and calculated
in percentage terms.

%Mechanical damage of seeds =

Total number of tested seeds

Seed coat (outside)

[ Number of detected seeds x 100]

(A) Undamaged; cotyledon and (B) Low level; cotyledon stained

radicle unstained <26% and radicle unstained

(C) Medium level; cotyledon stained

3) Ferric chloride (FC)

Aferric chloride (FeCl,) solution at 20% was
prepared by dissolving with distilled water. Four
replicates of 50 soybean seeds were placed in a petri
dish, soaked with 20% ferric chloride solution for 15
minutes, and then removed from the solution (Agrawal,
1995). The mechanical damage of seed coats were
stained black, with all stained black seeds being
counted and expressed as a percentage. The solution
could be strained and reused

%Mechanical damage of seeds =
[ Number of detected seeds  x 100}

Total number of tested seeds

4) Sodium hypochlorite (SDH)

The laboratory sodium hypochlorite (NaOCI)
was used to prepare a 3-5% solution using distilled
water for dilution. Four replicates of 50 soybean
seeds were submerged in this solution for about 10
minutes. The mechanically damaged soybean
seeds, which had swelled to twice or three times
their original size, were then removed from the
solution and counted (VanUtrecht, 2000). Swollen
seeds could be visually differentiated from normal

soybeans. However, this method did not indicate

T
“ .
c c (D) (E)

(D, E) High level; radicle stained with cotyledon stained

25-50% and radicle unstained

Figure 1. Mechanical damage levels of soybean seed cv. DOA Chiangmai 60 dyed with 0.1% IDA, (A)

undamaged; cotyledon (c) and radicle (r) unstained, (B) low damage level; cotyledon stained

<25% and radicle unstained, (C) medium damage level; cotyledon stained 25-50% and radicle

unstained, and (D, E) high damage level; radicle stained with cotyledon stained, or only radicle

stained or cotyledon stained >50% (no picture).
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the level of damage to an individual soybean. A
soybean with a small crack would swell just as
much as one with a large crack. The swollen seeds
were calculated as percentage of damaged seeds

by the following formular;

%Mechanical damage of seeds =

Number of detected seeds x 100
Total number of tested seeds

Data analyses

The correlation coefficient (r) and
regression (R®) of seed germination, vigor, and
mechanical damage methods were analyzed. The
paired t-test was applied for mean comparison
IDA  and other

mechanical damage using IBM SPSS Statistics

between methods causing

version 20.

Results

The germination and vigor determined by
the AA test were investigated in soybean seed cv.
Chiangmai 60 using 15 seed lots. The average
germination and vigor were found to be 82%
and 66%, respectively (Table 1), while the seed
moisture content ranged from 9-11%. The mechanical
damage caused to 15 soybean seed lots was
analyzed using the IDA method and reported as the
mechanical damage percentage. Three other |
methods, FG, FC, and SDH, were applied to all
seed lots to check the percentage of mechanical
damage for comparison with the recommended
IDA method (Figure. 2). The means of the mechanical
damage were 7.9, 11.3, 11.2, and 11.6% for IDA,
FG, FC, and SDH, respectively (Table 1). The IDA
method produced the lowest percentage of average
mechanical damage, demonstrating a significant

difference compared to other methods determined
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by the paired t-test (Table 2). Meanwhile, there
was no significant difference in the average number
of mechanical damages among FG, FC, and
SDH methods (Table 2). The highest correlation
coefficients (r), with more than 0.800, among
mechanical
found between IDA&FC (r=0.8543**), IDA&SDH
(r=10.9515*"*) and FC&SDH (r = 0.8689"*), respectively

(Table 3). Moreover, the relationship between IDA

damage detection methods were

and SDH showed the highest linear regression (R?)
at 0.9054** (Figure. 3C). A moderate relationship
was found between IDA&FC (R® = 0.7299**)
and FC&SDH (R® = 0.7550**) (Figure. 3B, 3F).
The negative relationships between mechanical
damage determined by the four methods and
seed quality evaluated by germination and the AA
test were revealed in this experiment (Table 3).
The highest negative correlation between germination
and damaged seeds was observed in G&FG
(r = -0.7454** R* = 0.5746*), followed by G&SDH
(r = -0.6943*, R® = 0.4809**) (Table 3, Figure. 4B,
4D). Moderate correlations were found for AA&FG
(r=-0.5747*) and AA&FC (r = -0.5709*); however,
their corresponding R? values were comparatively
low (Table 3, Figure. 4E, 4F).
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Table 1. Mean of germination percentages, accelerated aging (AA) test results, and mechanical damage in
soybean seeds as determined by indoxyl acetate (IDA), fast green (FG), ferric chloride (FC), and

sodium hypochlorite (SDH) for 15 seed lots of soybean seeds cv. DOA Chiangmai 60

Mechanical damage of soybean seeds (%)1/

1/

Seed Germination” AA Mechanical damage detection methods

lots (%) (%) IDA FG FC SDH
1 90 £ 2.00 86 + 2.05 9.5+2.33 55+0.93 9.0+490 10.5+4.63
2 90 +1.20 80 + 0.46 1.5+1.77 7.0+ 4.41 6.5+2.78 45+1.77
3 87 £2.05 57 £0.76 7.0+2.39 75+093 13.3+£1.39 9.0 £2.39
4 86 + 2.14 80 + 1.58 80+214 105+438 10.0+262 11.5+4.11
5 84 +2.31 76 £ 1.69 3.0+0.76 3.5+0.93 55+2.33 401262
6 83 £ 3.58 50 +£2.27 6.5+£2.33 7.5+3.16 7.5+4.11 6.5+3.16
7 82 +1.58 75+ 5.37 11.0+321 11.0+490 10.0+£0.00 16.5+1.77
8 81+ 2.31 70 £1.39 75+233 115+532 10.0+262 11.5+0.93
9 81+4.74 62 £5.04 6.0+£2.62 20.0+524 8.5+0.93 10.0 £ 2.62
10 80 + 2.00 61+ 2.27 40+1.31 10.5+4.11 45+1.77 85+1.77
11 80 + 3.58 55 +2.05 11.5+233 100+151 155+553 16.5+4.63
12 80 £1.16 75+255 7.0+1.07 6.0 £2.62 6.5+1.77 10.0 £ 2.62
13 80+ 3.73 59 +2.05 120+4.00 17.0+6.14 21.0+835 18.0+9.20
14 78 £5.48 63 +6.14 85+3.16 145+351 145+093 14.0+262
15 71+2.88 46 +2.43 16.0+4.54 27.0+8.88 25.0+3.85 23.0£4.90

Mean 82 +4.87 66 + 11.79 79+367 11.3£6.09 112+570 11.6+5.13

Mean + Standard deviation

Table 2. The mean comparison among mechanical damage detection methods indoxyl acetate (IDA), fast
green (FG), ferric chloride (FC), and sodium hypochlorite (SDH) by the paired t-test for 15 seed
lots of soybean seeds cv. DOA Chiangmai 60

Comparisons Mechanical damage (%) Stdv. tvalue df Sig.”
IDA & FG 7.9&11.3 4.83 2.67 14 *
IDA & FC 79&11.2 3.26 3.83 14 *
IDA & SDH 79&11.6 2.02 7.02 14 >
FG & FC 11.3&11.2 4.40 0.1026 14 ns
FG & SDH 11.3&11.6 417 0.3093 14 ns
FC & SDH 11.28&11.6 2.88 0.6054 14 ns

"Confidential levels at *P < 0.05; **P < 0.01; ns; non-significant.
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Table 3. Correlation coefficient (r) analysis among germination (%) and vigor (%) (as measured via the AA
test) and mechanical damage detection methods (%) determined by indoxyl acetate (IDA), fast

green (FG), ferric chloride (FC), and sodium hypochlorite (SDH) for 15 seed lots of soybean seeds

Parameters Correlation coefficient (r)"
Germination AA (%) IDA (%) FG (%) FC (%) SDH (%)
G (%) 1.0000 0.6695** -0.5874* -0.7454* -0.5874* -0.6943**
AA (%) . 1.0000 -0.4159 -0.5747* -0.5709* -0.4283
IDA (%) . . 1.0000 0.6269* 0.8543** 0.9515**
FG (%) . . . 1.0000 0.7326** 0.7457*
FC (%) . . . . 1.0000 0.8689**
SDH (%) . . . . . 1.0000

YPearson's rank correlation, *P < 0.05; **P < 0.01.

Non cracked seeds Cracked seeds Non cracked seeds Cracked seeds

(A) 0.1% IDA (B) 0.1% FG

Non cracked seeds Cracked seeds Non cracked seeds Cracked seeds

(C) 20% FC (D) 3% SDH

Figure 2. Soybean seed cv. DOA Chiangmai 60 dyed with (A) 0.1% indoxyl acetate (IDA), (B) 0.1% fast
green (FG), (C) 20% ferric chloride (FC), and (D) soaking with 3% sodium hypochlorite (SDH)
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Figure 3. Linear regression (R?) among the mechanical damage detection methods: (A) indoxyl acetate
(IDA) and fast green (FG), (B) IDA and ferric chloride (FC), (C) IDA and sodium hypochlorite (SDH),
(D) FC and FG, (E) SDH and FG, and (F) FC and SDH for 15 seed lots of soybean seeds cv. DOA

Chiangmai 60
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Discussion

In this research, the highest correlation
was observed between IDA and SDH, indicating
that SDH was more suitable for quick test
application than other methods (Table 3 and Figure.
3C). The same trend was identified by VanUtrecht
(2000), who reported that the SDH method was
more effective in identifying mechanical damage to
soybean seeds compared to the IDA test. Although
a strong relationship was found between IDA and
SDH in this research, the mean of the mechanical
damage in SDH was revealed to be highly
significant compared to IDA (Table 2). Moreover,
there were no significant differences in mechanical
damage percentages among the three methods:
FG, FC, and SDH (Table 2). This may be due to the
solution of SDH, FG, or FC directly penetrating
through the damaged seed coat, resulting in the
soybean seed being twice or three times bigger
than the initial size for SDH soaking (Figure. 2D).
The staining of FG and FC can be visually observed
by the entire seed coat turning green and black,
respectively (Figure. 2B - C). At the same time, IDA
will penetrate through a scratch or a rupture in
the seed coat to the inner layer. Enzyme activity in
these cells then hydrolyzes the indoxyl acetate,
creating a blue-green color, indicating the area of
the seed coat damage (Paulsen and Nave, 1979)
(Figure. 2A). This may be due to a smaller number
of mechanical damages being detected by IDA
than SDH, FG, or FC in this research (Table 1).

The

method in field testing is applied to evaluate the

mechanical damage detection
trend of seed quality after harvesting, threshing, or
processing by focusing on its ease of use, speed,
and cost-effectiveness. According to the results of

this study, SDH was found to have the closest
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relationship with IDA, both in terms of correlation
coefficient (r) and linear regression (R). Consequently,
it would be more advantageous to develop the SDH
method for field assessment in comparison to IDA.
Moreover, SDH is a simple technique for analysis
since the seeds twice or three times their original
size just need to be counted, with the whole
process taking about 15 minutes and costing 10
THB/sample. In contrast, the IDA method requires
more chemicals, apparatus, and human skill, as
well as being more time-consuming (around 30
minutes for all steps) and more expensive at about
450 THB/sample. The other two methods are
neither too difficult nor expensive; the FG method
takes around five minutes and FC about 20
minutes, while the cost of each method is
approximately 20 THB/sample. However, their
relationships with IDA were not as satisfactory as
SDH. The methods suitable for detecting damage
seeds could be crop species dependent. In
lucerne seeds, the FC method was introduced to
in field

demonstrating a relationship between abnormal

detect mechanical damage testing,
seedling and seed damage during harvest (De
Barro, 2008), while FG has been suggested for corn
(Marcos Filho et al., 1987).

Previous research has found that mechanical
damage decreases soybean seed vigor and
reduces germination and shelf life (Maryam and
Oskouie, 2011; Vearasilpa et al., 2001). This may
result in the embryo being damaged since it is
close to the seed coat and very susceptible
(Maryam and Oskouie, 2011). Nevertheless, this
present research has revealed a moderate
negative correlation between seed germination
and mechanical damage detected by FG (r =
-0.7454*, R*=0.5746**) and SDH (r = -0.6943**, R?

= 0.4809**) (Table 3, Figure. 4B, 4D). Meanwhile,
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soybean seed vigor determined by the AA test
exhibited a low correlation with mechanical
damage percentage in all examined methods
(Table 3, Figure. 4E-F). In 2011, Maryam and
Oskouie reported that the mechanical damage
the

conductivity in soybean seeds. Further study could

percentage correlated  with electrical

be conducted to investigate the correlation
between mechanical damage using other seed
vigor tests, such as electrical conductivity or mean
germination time, to clarify the relationship between
mechanical damage and the vigor in soybean

seeds.

Conclusion

This research revealed that mechanical
damage detected by SDH exhibited the greatest
relationship with IDA and was simplest, cheapest,
and most suitable for field test in soybean seed cv.
DOA Chiangmai 60 application compared to other
Additionally,

percentages determined by all four methods

methods. mechanical damage
exhibited moderate negative correlations with
germination. Future studies could involve the
development of the SDH method to make it more
precise and practical for mechanical damage
detection in soybean seeds, either in a laboratory

setting or field application.
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Abstract: The objective of this research was to develop and improve the efficiency of highland rice production
using ready-to-use technology in Pang Mapha District, Mae Hong Son Province. The experiment compared
the Rice Department’s technology package, managed by researchers, with farmer’s practices. Treatments
were conducted in both lowland and upland rice ecosystems across six plots with two replications. The soils
were classified as clay and sandy clay loam, with pH ranging from slightly acidic to very strongly acidic, and
organic matter levels from medium to high. Comparison of fertilizer management methods showed that plots
managed by researchers produced higher rice yields than those managed. Differences in tiller number and
plant height were observed between upland and lowland ecosystems. Rice vyields in the technology
verification plots ranged from 372.2 to 492.5 kg/rai, with yield components including 1,000-grain weight of
31.5-38.8 g and panicle length of 25.7-30.8 cm. In contrast, yields from farmer-managed plots ranged from
276.0 to 460.8 kg/rai, with 1,000-grain weight of 29.8-37.0 g and panicle length of 25.3-29.6 cm. Notably,
the rice variety Bua Mae Cha Tha, transplanted in all demonstration plots, produced higher yields than farmer
fields. In Ban Mueang Pham (T1), panicle number was 220 panicles/m’, lowland than in T2 (259 panicles/m®),
but T2 still produced the highest yield (674 kg/rai) due to its longer panicles (about 3 cm longer). Therefore,
increasing the efficiency of rice production in this area requires site-specific technological approaches

tailored to each ecosystem to achieve maximum rice yield

Keywords: Ready-to-use technology, highland rice, transplanting rice, yield, Mae Hong Son province
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Table 1. Soil properties of the experimental fields

aniduutlasd 3 dlufudou uaziiAndfisemudy
nN7ANA (pH 5.1-5.5) DansALantias (pH 6.1-6.5)
o o 4 i o o
uananifaiifTualulnsauisunaetlusedusn
WaanasandudseTagin A duudsfauslnunans
=2 = dl o v 1 [
fagannn WBnuvumadsnnanaldag luseaugs
110 gnduiuieauns ludau d91 (T1-T3) HAn
ANgATNsEALLIUNATN (Table 1)
NANT3ATIZU AL sz iR Uz A LAY
gANANYINNIBIAUIBINLTINAADY HAZINIUNLNIS
AAN1781MBINT UL A %m\mmfaﬁumummam
Imwumwuﬁmmmi”lumuufaﬂmLﬂummma‘uma
'ﬂﬂLﬂu‘lumﬂmummﬂnmwumummmmam
@mqiiﬂmmwum’tmumrammmwmwammumi
wstyiiulmnaasdnaninaguda Alianduseadss
Iy + A = | @
s1ne1u1saaeilaiaiany an atg1elafinanann
n198199an19 14 e luundreansnsns 8 damdn
meawmilenauuy 1e9dtiAen] (2562) wudn lTunud
winnzansanisgndiage daunane das nwasns
= 1+ v 1 A 1 o o
ansldile lulnsiaudasndivdeninndiAuuziin
Faeaz 82 89.4 LAY 78.6 ANNANAL WAZHINLAIN
nemsnsdoulaiaald e lulfununldmnizas

Site Ban Muangphaem Ban Lukkhaolam Ban Maelana
Cultivation Direct seeding  Transplanting Direct seeding Transplanting
Soil texture Clay (U1, U2) Clay, Silt Clay Clay Silt Clay/Sandy
Silt (U3) (U4-Us) (T1-T3) clay loam (T4-T6)
Soil pH 4.96-6.12 5.25-6.00 6.06-6.40 5.17-5.70
Organic matter (%) 2.27-3.07 2.16-3.29 3.68-7.29 1.44-1.81
Total nitrogen (%) 1.563-1.98 1.58-1.68 1.83-2.03 1.48-1.93
Available phosphorus (mg/kg) 0.99-38.55 7.89-19.92 3.24-94.42 4.86-39.58
Available potassium (mg/kg) 164.00-348.85 55.28-196.56 181.59-369.22 81.67-145.35
Available calcium (mg/kg) 114.17-1,158.84  125.45-314.53 188.18-1,160.65 63.63-529.33
Available magnesium (mg/kg) 83.27-313.36 35.19-122.22 94.38-122.09 7.40-46.32
Cation exchange capacity 9.24-33.92 8.52-13.85 14.56-31.44 4.17-7.46

(cmol/kg)
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Figure 1. Stem height of rice 5 varieties between demonstrated and on-farm plot at various locations; (A)

Rice var. Fueang Kham planted in Ban Mueang Pham (B) Rice var. Ja Xi Kui planted in Ban Luk
Khao Lam (C) Rice var. Bua Mae Cha Tha planted in Ban Mueang Phaem (D) Ricevar. Shanxi
planted in Ban Mae La Na (F) Rice var. RD21 planted in Ban Mae La Na
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Figure 2. Tiller number per plant of rice 5 varieties between demonstrated and on-farm plot at various
locations; (A) Rice var. Fueang Kham planted in Ban Mueang Pham (B) Rice var. Ja Xi Kui
planted in Ban Luk Khao Lam (C) Rice var. Bua Mae Cha Tha planted in Ban Mueang Phaem
(D) Rice var. Shanxi planted in Ban Mae La Na (F) Rice var. RD21 planted in Ban Mae La Na.

Error bar represent standard deviation.
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Table 2. Plant number and yield components of rice 5 varieties between demonstrated and on-farm field

at various locations

Spacing Plant No. Panicle No. Panicle Len. Filled grain 1000-Grain Grain yield

Site  Field
(cm) (m?) (m?) (cm) (%) wt. (9) (kg/rai)
Ul Demo  25.0£0.0  12.0£1.9  201.6+2.5 30.843.3 70.914.8 31.542.8  492.5:2.9
Farm  25.0+00  12.0%¢19  187.0%32 27.8+4.5 64.4+3.3 20.8+2.0  460.8+3.6
U2 Demo  24.6£27  11.0:1.2 125411 28.0£2.4 57.243.4 20.842.8  412.4%57
Farm  24.6:2.7  11.0812  125.420.8 253125 51.612.6 30.0£22  403.0%4.6
U3 Demo  28.0+27  116%18  155.4%0.9 27.142.5 61.1+2.0 32.2¢15  446.1+3.2
Farm  28.0:2.7 11618  151.8+1.6 26.5£3.2 52.912.5 32.0£20  396.6%2.6
U4 Demo  25.4+0.9  14.6:0.6  140.2+1.9 29.0£1.9 55.643.2 37.0£1.6  409.0%3.5
Farm 254309 146106  142.8435 28.2+2.6 54.3+2.6 36.2¢1.5  376.0+2.3
U5 Demo  17.6#43 22215  319.7+2.6 26.0£2.1 68.413.3 38.8+1.1 372.241.0
Farm  17.6:4.3  222%15  262.0%3.3 26.7£1.9 72.0£2.8 37.0£1.1 276.021.2
Us Demo  20.080.0 192422 2342425 25.7+2.4 62.3+2.2 36.132.3  415.4+1.6
Farm  20.0:0.0  19.2#22  229.7+2.3 29.642.6 58.1+4.1 361426  398.6%1.5
T1  Demo  27.0£27  13.6:0.9  220.3+1.3 25.542.5 59.242.2 37.9+1.1 674.242.4
Farm  27.0¢27  13.6%0.9  209.4%15 26.5+2.4 60.6+2.2 37.081.3  620.9+3.9
T2  Demo  25.0£0.0  13.6:1.5  259.0+0.4 215425 59.643.2 35.3t1.3  419.6%3.3
Farm  25.0:0.0  13.6¢15  196.0£1.9 22.242.1 62.9+1.3 36.2¢1.3  402.5%1.5
T3  Demo  25.0+00  142+13 3522429 24.0+2.9 57.0+2.0 38.0+1.5  623.1+4.6
Farm  25.0:0.0  14.2¢13  298.2%15 25.0£1.9 56.243.9 37.9¢13  576.1%25
T4  Demo  24.4%0.9  142:0.8  179.4+0.4 227412 61.342.1 33.7¢15  1,002.9+2.1
Farm 24409 142408 1822421 24.3+0.8 53.1+1.0 32712 9225+1.6
T5 Demo  22.0£27  16.0:0.7  236.6+0.6 271217 57.742.2 31.9¢1.8  391.8+3.8
Farm  23.0:2.7  16.0£0.7  230.0%1.2 27.1£1.3 56.842.3 323126  194.32.3
T6 Demo  24.4+09  16.0+¢1.9  195.9+0.6 21.1+1.9 14.642.0 311429  464.4+2.9
Farm 244309  16.0£1.9 212506 222416 27.741.4 32.2£2.5 4492414
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Weed Seed Contamination in Imported Celery Seeds
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Abstract: In 2022-2023, a total of 83,532.4 kilograms of celery (Apium graveolens) seeds were imported into
Thailand from the United States (29,647.2 kg), Mexico (28,897.5 kq), Italy (24,986 kg), France (1.2 kQ)
and China (0.5 kg). Twenty-seven consignments of celery seeds were randomly sampled according to
the International Seed Testing Association (ISTA) standards and examined in the laboratory for weed seed
contamination, followed by germination testing. Weed seeds of Polygonum bellardii were detected in four
samples from the United States. Five weed species were detected in six samples from Mexico: Amaranthus
viridis, Chenopodium murale, Echinochloa colona, Melilotus indicus and P. bellardii. Three weed species
were found in fifteen samples from Italy: Helminthotheca echioides, C. album and Solanum ptychanthum.
One sample from France contained P. bellardii, while no weed seeds was detected in sample from China.
Among these, C. album is listed as a quarantine pest of Thailand, while C. murale, S. ptychanthum and
H. echioides have not been previously reported in the country. Pest risk analyses may therefore be required
to determine appropriate handling measures. All detected weed seeds were able to germinate under testing

conditions. Field inspection in Tak and Chiang Mai provinces did not detect any quarantine pests.

Keywords: Celery, weed seed, quarantine pest, import
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Table 1. List of quarantine weeds in Thailand reported as present from the country of origin

Country of origin

Quarantine pest

Mexico USA Italy France China
Chenopodium album + + + - +
Cirsium arvense - + + + +
Orobanche aegyptiaca - + + - +
Orobanche ramosa + + + +
Polygonum aviculare + + + +
Senecio vulgaris + + + +

+ = present in country

- = not present in country
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Table 2. The import volume of celery seed in 2022-2023

Country Consignments  Quantity (kg) Plant quarantine Time of Frequency
station import of detection
(time)
The United State 4 29,647.20 Port of Bangkok 3 1
Lat krabang 1 -
Mexico 6 28,897.50 Lat krabang 2 2
Port of Bangkok 4 -
Italy 15 24,986.00 Port of Bangkok 10 5
Postal 1 -
Suvannabhum airport 4 -
France 1 1.20 Port of Bangkok 1 -
China 1 0.50 Suvamnabhumi airport 1 -
Total 27 83,532.40 - - 8

Figure 1. Contamination of weed seeds in imported celery seeds

a) The samples of imported celery seed
b) Seed of Echinochloa colona from Mexico

)
c) Seed of Solanum ptychanthum from ltaly
d) Seed of Helminthotheca echioides from ltaly
)

e) Seed of Chenopodium murale from Mexico

(
(
(
(
(
(f) Seed of Polygonum bellardii from the USA
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Table 3. The contamination of weed seeds in imported celery seeds (2022-2023)

Country Number of Quantity Weed species Status of weed Frequency of
importations (kg.) in Thailand detection
(Time)
Mexico 6 28,897.5  Amaranthus viridis + 1
Chenopodium murale - 2
Echinochloa colona + 2
Melilotus indicus + 1
Polygonum bellardii + 2
Italy 15 24,986 Chenopodium album - 2
Helminthotheca echioides - 5
Solanum ptychanthum - 2
USA 4 29,647.2  Polygonum bellardii + 1
Total 25 83,5630.7 - - -

+ = present in country

- =not present in country
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Figure 2. Species of weed seeds contaminated in imported celery seeds

(a) Chenopodium album (b) Chenopodium murale (c) Polygonum bellardii (d) Echinochloa colona

(e) Amaranthus viridis (f) Melilotus indicus (g) Helminthotheca echioides (h) Solanum ptychanthum
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Figure 3. The germination test detected weed seeds.
(a) Chenopodium murale
(b) Chenopodium album
(c) Solanum ptychanthum
(d) Helminthotheca echioides

Figure 4. Field inspection and pests in the celery crop at Tak and Chiang Mai provinces
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