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ABSTRACT. Korea is carrying out weed quarantine by plant quarantine regulations including heat-treatment
method to prevent the influx of exotic weeds. In order to confirm suitability for current heat-treatment criteria and
find field-applicable methods which can completely devitalize quarantine weed seeds, the conditions for heat-
treatment with/without 40% relative humidity were studied with 9 species among quarantine weed seeds and one
weed species similar to quarantine weed. Dry heat-treatments had been tested under various temperatures and time
conditions. All seeds were dead at the conditions of 95°C for 48 hours, 100°C for 36 hours, 110°C for 24 hours,
121°C for 4 hours and 130°C for 30 minutes. Heat-treatments at 40% relative humidity resulted in complete seed
death at the conditions of 85°C for 36 hours and 90°C for 16 hours. The above results show that current heat-
treatment criteria are not suitable for several quarantine weeds and these conditions could be applied as a quarantine
method to prevent the influx of quarantine weeds along with agricultural imports. More specific conditions for heat
tolerant species such as Picris echioides and heat susceptible species such as Cuscuta spp. are necessary and will
improve plant quarantine process in devitalizing quarantine weed seeds with different heat tolerances.

Key words: Devitalization, Heat treatment, Heat-treatment, Quarantine, Weed seed

M =2 23 THMIFFAF, 2012a). ©]213F Aodg %7l E944 3

< A7), vkE, A, AR 59 2AE S8k =

FEYErE HEe A A Ushs eodEs B8 frdE AFDRITHMIFFAF, 2012b). ©]  7heA 2= 9
of faflst Fx7F flEe AL WA fate] S B, SvkeAE, oF B 2EAE 5ol doH, 94
AABIAL o) Ul VS 1759 AY95E(Quarantine  El= H[A|XE &2 E8]XQ HIE FHAstslHA

weeds)Z AL JEH(QIA, 2012) 4] B
Fze A FUHEANA ax A7 T 24
A ot A5 Aol siE A= At 2
A= 3 F Sl B AU Fu dRX

EESSE PP F 59 2AE Ao Je g

Z Y ol & AlAsE EAFR WEeEA SEutE HIRE}
H o mE, 55, vEAE T T4 o] &H AL Q)
ol U] A 71F 100°ColAM 308 ol e
of  121°CollA 158 ol Agsk= AdEA 2 ek 85°CAlA 15
S AR o AYste FEAYUCEUHEE 40%)E A8t
JEH(QIA, 2011), Ao A7 712S zkE 23, 9
- o] A97|E 5& A2 nEE Ao A FYdis
*Corresponding author: _
Phone) +82-32-740-2079, Fax) +82-32-740-2669 AAgzeAe] Ardd Aol e 7R A7k
E-mail) mkomko@korea. kr u-$ mlEsk Aottt thE Vale] I zAL 1Y

170



171

n)=t3k FuthE 1200Col A 15% o] 32l AL A 2](CFIA,
2001; USDA, 2010), &5 AHNEFE 50%Z 85°ColA] 48
A 7ZF ol B 95°Co A 24417 o] AFe] HE A7 (AQIS,
2008)E, TRHEE AHEE 40%= 85°CoA 15A]7F 9]
Aol 592 2(MAF, 2010)2 2 &3 2o $gviatet
.|Q|_ ].;'5],1] o} 0k7]-/}&1 ;]._E_ Z7-] 0 7(4_9_6]—0 01— :‘l: 9\}1 . 7H
ol F7te] A9dA o] 274 23 XY A9
l QoM T FRAS 286 F, U 97TRFE, TF
, At 78F S(IPPC, 2010)2§ 3% 175
Zj Jéi Qe fEveete A9fgze] TF 2
ol WEHAE T thE7] Wit 19 tﬂr— 7]
=R = w}ﬂw AGZZe] ol S A}
P A 71Ee I YghillA AlEE 1Y
HzE o83 A5l é_‘fé% &ato] s Eofof & Aol
vet Ao gze] wold S s A A
Uﬂg].oq Al ‘37«10301] Z—LQ.S‘]—O i;yq
S WA, F2AH 27 2 #g)
st & AFE T35k

N

l:lE
TTI‘

o B 1-)1‘ mEE
[e]

LH/(\J-J(I-;‘:

A9z 953 AA™E Emex australis®] A5
E. spinosa®] EA& Ag@el O]Q-O]'oi‘:}(Table 1). A3
ol &% FA F Picris echioides= 912 HerbiseedA ]
A, 7P A A (Cirsium arvense), Centaurea solstitialis,
Emex spinosa, Geranium dissectum, Myosotis arvensisc X
g2=9] B&T World SeedAtoll A st om, i 7 A&
(Cenchrus longispinus), V=AM (Cuscuta pentagona), M
2 (Cuscuta japonica), X F71*1 Q73 A (Cirsium vulgare)=
el AHFH AT Aol 0|8 BE FA= 1A
g At 4oCe] A2y 7garel] AT

H2|WE
109 EX1= 184 mle] vl Folfo| EAE Hof &
%% (ATH-50H x2, ALL THREE ENG. CO.)°Ilx 714 &
FEAYSIAL, FAE TA= dAEE A XUTE &
dExpel mFANA, A, TP L7, C osolstitialis,
G dissectum, M. arvensis, P echioides 752 100824, =+
r,Hzﬂ X]—O r,HxJ 7]—/\]E }\1 01:7]—/\]0474_:,!{ E spinosa 3=
2 5094 7ZF XEgE 3WHEo 2 AlFs
G = =2 (18°ClIAFE 95, 100, 110, 121, 130°C
o o]Z27I7kA] ®F 1.5°Ce £E& 7hsth 7 A
+/\17JE 15, 305, 1, 2, 4, 8, 16, 24, 36, 48 60A1 7+ 5
Tof met AZHS dEste] AEEAa, FYskE AE

Al ME]B]g & ALEste] 48A17F o] R A sty 8
of wgt FHIE S kT

HFEA = AL(18°C)olAHE 80, 85, 90°Coll °]27]
A G 159 £5=2 71t B 2.0%] EE=
7hssle] AEE 40%7 HEE o}MJA 7H& A EAIZE
L 308, 1, 2, 4, 8, 16, 24, 36, 48417+ 5 =0 wat
A ZHg G st AEsislen, HeS

2 A FAsHE] 23
Eistel 4823k ohHE Ssic.

3

Ak ml=AA S Akl A, FAE
*—«4-4 E5FFA gt E814 90 F¥ (Jayasuriya, 2008)

< Etgelr] 918k 95% SAHE-Aoll 1A17F A s ATt
ZTEE EE 2N o] AlHT & oA FE AlEk3]
THHutchison and Ashton, 1979; ISTA, 2010; Kim et al,
2007; Lyshede, 1984; Prather and Tyrl, 1993; Strasser, 1988).
E. spinosa®) 73%-, vil-¢- T3l Ao e E5X q(Parsons
and Cuthbertson, 2011; Weiss, 1980) A AE {3l =
ol 24017 AA ol AL AdaiAr. HME
o FAE Fobe) make] Faol 13714 So Qv ol
Zx9 o) 71 7pX 7 2ol loj(Park, 2009) H
Petri disholl X% & 749 F& F571 HA 7] W&
Tx} A= AL e AAG F oA AE Al
3) 319 th(Boydston, 1989).

4
o ¢

o

AW o AL
FAeE, A€ 2 FEA2 | TA= 2407 oyl A
& 90mm, 57 11 um<] Filter paper(Wattman #1, WF1-
0900) 27o] Z3 Petri dish(100 mmx15 mm)°l| *]’33}3L
parafilm© 2 W83} T}. Petri disholl H713t SF2] &
2 E. spinosa= 7.0ml, Y H A F- 3.5mlo] At} Petri
dishE =72 dAgorel Fo] APFA 752 1009
A, F - TR 352 5084 Akt S27F 2%
H Petri dish= 2] &2 42(KR/VS-91G09M, H]H 3-8}
oAl F7H-L 30°CollA 16A17F, oFZF8HE 2 20°CellA] 8
AZFO 2 24N 7S F7]2 3te] ¥ oA ¥ (Dahlquist
et al,, 2007y& AAISHATE TRl ol Tkl A 71Al
Z(Twentyman, 1974)2 328471 (MIR-253, SANYO)°ll
Al sl 32 30°CE TolrdS AAEIATHBoydston,
1989). BE A2 7E 302 Eot njd Lole) 2 3ols
ATt Pl=AAA, AR, Emex spznosa*— = ==
°] 3mm EY3AS W, YA T2 1mm o Ed3}
RS o TolE Blo= —&Zéé‘}‘?\iﬁl-(Anto and Jayaram,



AAREEA Wold A

13 FstE dxe 2

172

Table 1. List of quarantine weed seeds tested in this study and their germination rate before heat-treatment.

Quarantine weed species ~ Family name English name (Korean name) Origin Germination (%)"
Emex spinosa” Polygonaceae Prickly dock ( -) France 91.3+1.3
Geranium dissectum Geraniaceae Cut leaved cranesbill (F]<=0] Z7) France 89.7+£1.5
Cuscuta japonica Cuscutaceae Japanese dodder (X 44) Korea (Jeju) 97.7+0.9
Cuscuta pentagona Cuscutaceae Fiveangled dodder (7] =+ Al 2 Korea (Incheon) 77.7+1.2
Mpyosotis arvensis Boraginaceae Field forget-me-not (] ] X] 7 ) France 71.3£1.8
Centaurea solstitialis Asteraceae Yellow star thisle (58] =3} ) France 71.0+1.7
Cirsium arvense Asteraceae Canada thistle (7FU o3 73 ) France 88.0+2.1
Cirsium vulgare Asteraceae Bull thistle (] ¥7HA1 4 7 ) Korea (Incheon) 94.0+1.2
Picris echioides Asteraceae Bristly oxtongue (4] A U2 UK. 91.3+0.9
Cenchrus longispinus Poaceae Mat sandbur (T 7 7}Al &) Korea (Incheon) 73.3£3.5

“Means and standard errors are based on data from three replicates.
“"Weed species similar to quarantine weed (Emex australis).
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Table 2. The conditions for seed devitalization of 10 weed
species by dry heat-treatment.

Treatment Temperature (°C)
duration
(hour) 95 100 110 121 130
0.25 - - - 2,3,4,5,6,7,8,9 1,2,3,4,5,6,7,8,
05 - ]568 4568 1 10
1 5,6° 1,2
2 1 3,7,9 -8
4 8 2,4 10 -
8 1 3,9 -
16 7 - -
24 R39 10 - -
36 7 10 - -
48 4,10 - - -
60 - - - -

“-: not tested; [O: tested range; = : 100% lethal condition for seeds of all

species.

*1: Cenchrus longispinus; 2: Centaurea solstitialis; 3: Cirsium arvense;
4: Cirsium vulgare; 5: Cuscuta japonica, 6: Cuscuta pentagona; 7:
Emex spinosa; 8: Geranium dissectum; 9: Myosotis arvensis; 10: Picris
echioides.
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Table 3. The conditions for seed devitalization of 10 weed
species by heat-treatment with 40% relative humidity.

Temperature (°C)

Treatment
duration (hour) 30 85 90

05 B . 2,56
1 - - 3,9
2 - I 2,5,6 1,4,7,8
4 5b 3,49
3 1

16 2 78 10
24 3,6

36 1,49 10
48 7 '

“-: not tested; O: tested range; © : 100% lethal condition for seeds of

all species.

*1: Cenchrus longispinus; 2: Centaurea solstitialis; 3: Cirsium arvense;
4: Cirsium vulgare; 5: Cuscuta japonica, 6: Cuscuta pentagona; 7:
Emex spinosa; 8: Geranium dissectum; 9: Myosotis arvensis; 10: Picris
echioides.

T AG7IAFAFATE o drZel AP E QAT
Sdx2lof ost Lot MH S3

80°CH-E] 90°C7HA] 10%5-4] FAol| thstd FHFE 40%
2 &9 a;r,]_ AL ¢} TR R RE 94
= 2 Gxg A7l vlgste] A et ¥
AlE BE F9 $AE AFEAI7]7] Sl E 85°CellA] 36
]‘l', 90°C°ﬂ}\1 16*]7}01 Z:Oﬂ;‘q;q_é_ jJ Q= 3—],0:1 OL}
80°COl M & 48A]7F ool RE Fo] AMEHAE &
Ut FEA A= AEAZRTG o
]Z}-J Aol oste] APEEAT}. Picris echioides
| 745 LA A 100°CoAA 36473l AP = AA T 5
i%ﬁl o A= 85°CAlA = 36217kl APE = A THTable 3).
AFo) o] &H 1029 E2F & C solstitialis® M+

%L:_ n]zz

rlo

\o

9/] ] /\U\H/\l m ;\H)\L 3ZL 85°C°ﬂ/\1 2}\]71_]_ FHE]/\] /\]_
HE oY, P echioides 15-& 36X 7F 59t 22 sfodof
APEE AT, E3], Picris echioidest 80°COlA] 48A]7F =
ol = AP A] eFgkom, 85°Col A 36417F, 90°CollA 16
A7 5 mE exA b BAIZe LRl ot
APE = A

QAAEA AFANDAA G G AA) A,

100°C o)/ AgAlglolM 7hedZd A7 | Azt A
glatofof Abd sl on, Sl A= A E7HAL7E
7F B AIZE A elsteiok AbE it 2e]al 100°Ce] A
Aol 7 GAIZE A el 30800 AFEske] wlg- vt
< d AP E BAY G dissectumE F2A 2ol A=

g

80°Co A 48A17F A ol= APEER] €9k, 85°C, 90°C
N ANME P echioides TFE 2.2 738 AA S Bl 7
Ax]gol|A] ojEH =HT} A7) APHSE S0
ANAE A} TA| 7k APEER = S-S HA

Al 2HH0AMe HE

A%tz T MAE(Cuscuta spp ) AEA oM E &
E 2504, FEA A= 85°C oo 2xofA 714
CAZE A2 APEste] o] G oA g v
Sk "VHl, Picris echioidest BB Ag oA 29 7}
A WEds B AEdY AdA HEEE HY

9] 70% ol AHsh= Akl okt Gz o
sted A APEE Ao Z Hol AAEo] AEE FYE
o] dx2] E&AE WS =L Aol AaHE

S Ao
SEvkete] A8 FAE #4<1 100°CAA 302, 121°C
ol A 1582 ALA g, 85°ColA 15A417ke] HE = 2] (*3Th
HFE 40%) 205 B A AT vk, 100°Cel A

052l d3 Ad AHrlEe &S G dissectume] 2
°PE—:’. AANE EFAoR e, H7AE T 65 o
A= gt & o dd AEAY 71 121°C
oA 153 A Ele= HH7INEZ P echioides 2°&E A<
gk YR A2 E &3] APFEAIE & Ak g
3L 85°CollA 154171 A8l FEAH B (dHFE 40%)715
< 7P AR Aol E 16/ 0 R A8 vlawgh
O Picris echioidesE A3t BE HIF{ZE APEAZ
9= 7o =m /\}_g_g_]:].

Tyt Y
70% ©1/do] AH%%

L
b _
$Ro| RS ALY

o fIr

>
i:)
>
)
4 2

2~
A?]T

i rfo

o ¥
O
-

12
2 x4

Aol

o ff
il

o |o
ol 18 |2

Y

]

u

oy

ko

0

Qo X

=)

2
2 2

o,

f
;
o

{1](e3
o

o

to
30

ok
e
o
Hel

o
)

>
s
o
12

o o, Ao
o r
)

(o P

ol oY
18
to
o 2

N Mg

M Bl
o Y
18 e o

sgmw o i > o
QL

B
ook
o o)y Jo 1 X o o

i}
OFO
ol
ol
i
4o
QL
£
M
18
Er’
s
Qfx I
o
Loy

B

& AEZ st AEA
0%4 %"éﬂmﬂ 46& AR ZALS A8k
St &%= 9 AJ7HE A E] A 95°ColA 48417, 100°C

Oi

fo



HAEEA ol A

3 FUBAE I & 174

2

A 36717, 110°ColA 24A17F, 121°ColA 44]7F, 130°C
A 30 AE] F BE AP AMEEAL, SR 40%
o] FIA ] A 85°CllA 36A17F, 90°Col A 16417
A2 SAF AHEEIE . 4719 Ade |
A 7lFEe]l A9tz 2 Folle A&7l At
e HoFm, Fz2TAe] old g AAT
1 €4 ] e 9
WA&7] ¢ H b
t}. Picris echioides$t 7¥o] 733t
25(Cuscuta spp.)2F 7o) <ol

o A x7e] sty ol tE
TAE APEATE A9EF

S FoE AtgHr

=2
2

e >

=
2=

2!

o
_i

E

EEES

to " go 4o
d

o9 30 N o m)y &

0 op
vo 1%

12
01-}] ox

2
O I

:é
o 9
o
do

1o,
N
12

odk
N
>
>

F204: Ho, LolHAIA, A, FxFA
Acknowledgement

This study was supported by “The Fund for Development
of Plant Quarantine Technology (2009-2010)”of QIA(Animal
and Plant Quarantine Agency), Republic of Korea.

References

Animal and Plant Quarantine Agency (QIA). 2011. Regulation for
measures of grains and grasses contaminated with quarantine
weed (Regulation of QIA No. 2011-49, Enforced Date: Jun. 15,
2011). Animal and Plant Quarantine Agency. Anyang, Korea.
(In Korean)

Animal and Plant Quarantine Agency (QIA). 2012. List of
quarantine pest (Regulation of QIA No. 2012-136, Enforced
Date: Aug. 13, 2012). Animal and Plant Quarantine Agency.
Anyang, Korea. (In Korean)

Anto, K.B. and Jayaram, K.M. 2010. Effect of treatment on seed
water content and viability of green pea (Pisum sativum L.) and
soybean (Glycine max L. Merr.) seeds. Int. J. Botany 6:122-
126.

Association of Official Seed Analysts (AOSA). 2007. Tetrazolium
testing handbook #29. Association of Official Seed Analysts,
Inc., NY, USA. pp. 1-23.

Australian Quarantine and Inspection Service (AQIS). 2008.
Quarantine risk material matrix. Australian Quarantine and
Inspection Service. Canberra, Australia. p. 3.

Boydston, R. A. 1989. Germination and emergence of longspine
sandbur (Cenchrus longispinus). Weed Sci. 37:63-67.

Canadian Food Inspection Agency (CFIA). 2001. Official letter

from Canadian Health & Production division of CFIA related
with phytosanitary measures for noxious weed seeds to NPQS
on Aug. 16, 2001. Canadian Food Inspection Agency. Ottawa,
Ontario, Canada.

Dalquist, R.M., Prather, T.S. and Stapleton, J.J. 2007. Time and
temperature requirements for weed seed thermal death. Weed
Sci. 55:619-625.

Hutchison, J.M. and Ashton, F.M. 1979. Effect of desiccation and
scarification on the permeability and structure of the seed coat
of Cuscuta campestris. Am. J. Bot. 66: 40-46.

International Plant Protection Convention (IPPC). 2010. https:/
www.ippc.int (Official reports of each country, Nov. 17, 2010).
International Plant Protection Convention. Rome, Italy.

International Seed Testing Association (ISTA). 2003. Working
sheets on tetrazolium testing. 1st edition Vol. I, II. International
Seed Testing Association.

International Seed Testing Association (ISTA). 2010. International
Rules for seed testing. edit. 2010. International Seed Testing
Association.

Jayasuriya, K.M.G.G, Baskin, J.M., Geneve, R.L., Baskin, C.C.
and Chien, C. 2008. Physical dormancy in seeds of the
holoparasitic angiosperm Cuscuta australis (Convolvulaceae,
Cuscuteae): Dormancy-breaking requirements, anatomy of the
water gap and sensitivity cycling. Ann. Bot. 102:39-48.

Kim, C.S., Moon, B.S., Kuk, Y.I. and Oh, S.M. 2007. Distribution
status of Cuscuta spp. in southern parts of Korea and
germination characteristics of C. pentagona. Korean J. Weed
Sci. 27:166-172. (In Korean)

Kim, E.K., Jung, H.H. and Kim, K.S. 2008. Seed germination of
Carex neurocarpa Maxim. is promoted by fluctuating
temperatures and seed scarification. Hortic. Environ.
Biotechnol. 49:162-167.

Lyshede, O.B. 1984. Seed structure and germination in Cuscuta
pedicellata with some notes on C. campestris. Nord. J. Bot.
4:669-674.

Ministry for Food, Agriculture, Forestry and Fisheries (MIFFAF).
2012a. Plant Protection Act (Act No. 10983). Ministry for
Food, Agriculture, Forestry and Fisheries, Sejong, Korea. (In
Korean)

Ministry for Food, Agriculture, Forestry and Fisheries (MIFFAF).
2012b. Enforcement Rule of the Plant Protection Act.
(Ordinance of MIFFAF No. 315). Ministry for Food,
Agriculture, Forestry and Fisheries, Sejong, Korea. (In Korean)

Ministry of Agriculture and Forestry of Newzealand (MAF). 2010.
MAF standard BNZ-GCFP-PHR : Importation of grains/seeds
for consumption, feed or processing. Biosecurity of MAF.
Wellington, Newzealand.



175

ol - A48 - sl

Park, S.H. 2009. Naturalized plants of Korea in pictures and
miniatures. Ilchokak Inc., Seoul, Korea. pp. 496-497. (In
Korean)

Parsons, W.T. and Cuthbertson, E.G. 2001. Noxious weed of
Australia. 2nd edition. pp. 540-544. CSIRO Publishing,
Victoria, Australia.

Prather, L.A. and Tyrl, RJ. 1993. The Biology of Cuscuta
attenuata waterfall (Cuscutaceae). Proc. Okla. Acad. Sci. 73:7-
13.

Strasser, E.G. 1988. Studies on the use of dry heat to decontaminate
niger seed (Guizotia abyssinica) infested with dodder seed
(Cuscuta sp.). Seed Sci. Technol. 16:501-505.

Twentyman, J.D. 1974. Environmental control of dormancy and
germination in the seeds of Cenchrus longispinus (Hack.) Fern.
Weed Res. 14:1-11.

United States Department of Agriculture (USDA). 2010. T400
(Schedules for miscellaneous products) in PPQ treatment
manual. #5 Treatment schedules. APHIS, USDA, Washington,
DC, USA.

Weiss, P.W. 1980. Germination, reproduction and interference in
the amphicarpic annual Emex spinosa (L.) Campd. Oecologia
45:244-251.

Wilson, R.G. 1979. Germination and seedling development of
Canadian thistle (Cirsium arvense). Weed Sci. 27:146-151.



