BT 6(2) 191~200 KJWS 6(2) 191~200

M (W) Paraquatofl ciist K fME RIAFRL
% 1% Paraquatol] o3t kel mdEkRIE

EEW - ¥ - wHE

Development of Herbicide (Paraquat) Tolerant
Plant Through Tissue Culture

1. Mechanism of Plant Tolerance to Paraquat

Kim K. U, D.U.Kim and S.T Kwon*

ABSTRACT

The study was conducted to screen paraquat-tolerant plant species among crops and weeds, using the re-
sponse of plant like leaf disc discoloration, visual injury and dry weight in the presence of paraquat. Mechanism
ofparaquat-tolerance was investigated in strains of soybean through evaluating activities of superoxide dismu-
tase and peroxidase and the multiplication of callus derived from soybean cotyledon, In crops, Kwanggyo has
been selected as a paraguat-tolerant variety among soybean cultivars tested, and Hood as a susceptible one. In
weeds, Polygonum gviculare, Chenopodium album and Pinellia ternata were evaluated as the paraquat resistant
species, providing the possibility for the donor plant species for paraquat resistance. Activity of superoxide
dismutase known to detoxify paraquat was markedly greater in Kwanggyo, a paraquat-tolerant cultivar than in
Hood, a susceptible one, In addition, the similar response like superoxide dismutase was observed in peroxidese
activity. The greater inhibition of callus mulitiplication was determined in Hood, a susceptible one than a toler-
ant one, Kwnggyo. Based on all the informations, it is strongly proposed that paraquat tolerance in soybean is
due to destruction of O3 by elevated concentration of superoxide dismutase in the tolerant cultivar.

Key-words: paraquat tolerance and susceptibility, superoxide dismutase, peroxidase
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Meredith 5'%& Bifel BREH EH S =
£ S JehlE B8R HMipMinE-S A B
#2 4 9&& HED ¥ T Thomas 9¢ &
otE MRS #ES A8 paraquat o] iHES el
WREE Riksl

Paraquat ol #EH#EE Jebl = ryeqrassE para-
quat BEEES superoxide dismutase(SOD)9| E#
o] #mslel paraquat WEE AKEAY RENS
izt superoxide anion(O; )& s}3] =+ HHEA 7]
o I #R=2 4= hydrogen peroxide E peroxi-
dase v} catalase®] #HZ EBLY L WMo
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Hz Yy REcls o T LB R oslg,
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thington Enzyme Manual®V¢] S+l wlel 31.5mM
0-dianisidine dihydrochloride (3, 3'-dimethoxyben-
zidine) 0.05m#, 12.3mM hydrogen peroxide 0.05
mé, 50 mM potassium phosphate #EH#E(pH 7.0)
3mért gAE= dv REH® HEBERE 0.1md
Z winsted 30CelA 1 4R KEEAA double beam
spectrophotometer £ 436 nmoll 4 BAES WEst
Aek BEREEES Bfire 3004 1 AE 1emol
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= EExY &% unitE FREYCH
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polyacryamide
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®E 4. Superoxide dismutase(SOD) ;EHAIE.
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) 2e] 2 {250, 3,000 lux &) HARETFA Fo
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WL 30 ml A@ake] 10 mé4 Y3 paraquat®
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7t 220 WIEES BHEE 15 A BlEIATH
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o #E Y FHARKES visual ratingdt HES Fi-
gure 1 3 2l EBBRETA 1 ppm EHEE &
fEol RG] EEV gdiov BES mnETE
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o) ko] W fafEizt $ESF £ F 3~4d
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F BeasES 24 K@ES 1 2 10ppm oA
rafEell BEMRSle]l 1LUTF (S 20 %) Avg RES
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= HERE olAx 2 REES sl K
fao] sy € Hood ¥ D, ffEsl 1,000 ppm el
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Rf& 27 Danok 1ol A636 §o| BB W o4 SMmEIE KEWL 287 dou &%
Felo] Mol fhRMY} B M2 SELe Bl PERED HORES 9244 RoE B2E
v ESBIRE T RERMES —KakA %ot ¥ 7k & mwshrle old € @ 2eH(Figure 4).

RfEL 2 m%H BES REAe 4 9t 2 2o SulEA 12789 HEE #HBOZ  leaf disc S

Concentrations (ppm)
[ 10

Strains

Kwanggyo
Visual injury

t :
osh Milyang

Kanglim
D4
Jangyeob

Hood

Kwanggyo
:l.eat' disc
iscojoration i
(0_5)1‘3 Milyang
Kanglim

D4

Jangyeob

Hood

1) Time of determination; Visual injury; 10 days after treatment at field condition Leaf disc discoloration;
72 hours after treatment in petridish 0; no effect, 5; completely killed or complete
discoloration

2) I ; indicates levels of injury or discoloration

Fig. 1. Visual rate of injury or leaf discoloration of soybeans affected by paraquat

Untreated % of untreated control

control Conc.(ppm) 1 — 100 1000
20 40 60 80 20 40 60 80 20 40 60 80 20 40 60

Strains

80

Kwanggyo 370

Leaf area')

(cm? /plant) { Milyang 424
Kanglim 499
D4 247

Jangyeob 585

Hood 341
Kwanggyo 1.41
Dry we-
ight!) Mityang 1.57
(g/plant)
Kanglim 2.24
D4 0.87

Jangyeob 2.01

Hood 1.28

1) Time of determination: Leaf area; 15 days after treatment
2) M ; indicates levels of leaf area or dry weight

Fig. 2. Leaf area or dry weight of soybeans affected by paraquat treatment at field condition
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Concentrations (ppm)
Strains ] 10
1 2 3 4 5 1 2 3 4
s s M M s 1
Visual injury Jinjuok
rate
( 0_5)|) Ar 254
Danok 1
A 636
CI21E
A 344
Jinjuok
Leaf disc
discolc}ntion AR 254
(0-5)
Danok |
A 636
C121E
A 344

1) Time of determination; Visual injury; 10 days after treatment at field condition. Leaf disc discoloration;
72 hours after treatment in petridish.0; no effect, 5; completely killed or complete
discoloration

2) A : indicates levels of injury or discoloration

Fig. 3. Visual rate of injury or leaf discoloration of corns affected by paraquat

Untreated | % of untreated control

Strains control Conc. (ppm) _ 10 50 100
(8/plant) 20 40 60 80 20 40 60 80 20 40 60 80

Jinjuok 234

AR 254 0.68

Danok 1 1.17

A 636 0.36

CI 21E 1.16

A 344 0.58

1) Time of determination; 15 days after treatment at field condition
2) I ; indicates levels of dry weight

Fig. 4. Dry weight of shoot portion of corns affected by paraquat
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Table 1. Degree of discoloration of weed leaf disc treated with paraquat.

Leaf discoloration

Weeds Conc, Degree of leaf disc discolorationl)(O-S) at 500ppm
(ppm) 1 10 50 100 500 1000 1 2 3 4

{,’:r’f;’g;fzigi""d”‘“ 08 17 17 24 27 31

Portulaca oleracea 1.1 2.2 2.7 3.1 32 3.9 rs2)

Cephalonoplos segetum 1.7 2.1 2.7 2.7 3.2 4.1

Polygonum aviculare 0.3 1.0 1.3 1.4 1.3 1.4

Amaranthus mangostanus 0.8 1.1 1.6 1.8 2.4 2.5

Acalypha australis 0.7 1.9 2.1 2.7 3.3 3.6

Setaria varidis 1.0 1.7 2.2 2.4 2.7 3,7

Commelina communis 1.1 1.9 2.5 31 3.0 3.5

Chencpodium album 0.3 ‘1.0 0.8 1.3 1.6 1.6

Rumex japonicus 0.8 1.7 1.8 3.1 3.2 3.2

Pinellia ternata 0.3 0.6 0.6 1.0 1.3 1.6

Artemisia princeps 0.6 2.2 2.7 3.5 3.5 4.2

Digitaria sanguinalis 1.0 2.2 2.5 3.0 3.3 3.6

1} Discoloration of leaf disc : 0-5, 0; no discoloration
5; complete discoloration
Determined at 96 hrs after treatment.

2) RR : relative resistance (about 30 % discoloration)
RS : relative susceptibility (above 70 % discoloration)

g o2 MES paraquat ol iESHS 96 B
Hhell BEAENES SRE wars] 38 o KEE

paraquat o $3te} S ehie] EHMES
#atsh o gleh

ol 1 ppmollAE B BEZL Avlsigo ) @E
7} 50, 100, 500 ¥ 1,000 ppm &2 HWMYFF H
BN 2 £87 FEdd N (Table 1) £ #
BER Fha Bifso]l 3 ok, ob4] 2 para-
quat ol S el B =l E (Polygonum
aviculare ), 3 V5 (Chenopodium album), SVSKPinellio
ternata) FO 2 1,000 ppm o] BHRENAAE D% E
Ee ¢ BERES nych i sha gol g4
st Bled o) (Digittaria sanguinalis), %19 S(Portulaca
olerucea), 74°VAE(Setana viridis) % BSHS
2ol EERGY] MR KES Jebd g wBY +
At HiEEe) HEIL RES #ES BAm &
B AR 2 vobrl BEN i EE %4 2Ry
2 ok Eokisch

L Ee #RE BH vd T RER: A%
B THEE el = Kwanggyo o #EH BSitg
et = Hood 9 22 RfEE BEYT +dou 2
Feb ] YiRel TEAN Y 3 FrcoE #pEA
] ELREHT Ao Bl BERHE
Ao g #HEsch old e dg3 A
= WX EAut uieE3) ylE e gEs

Paraquat off $3t T FEWELH KE : BEF D leaf
disc®] MERES S A%y Mt = BEHS
ol Kwanggyo 9t Hood F SfES HH O A
#1,2 9 349 HEWe skl paraquat o o
3 RES dolurts WA HEE Figure 59
10 ppm 2] K@ ol 4= Hood f:ffo] Kwang-
gyo nth FHELL ki oFEolA Bifho] AT ol
WEel £4 2 A Zo Y 100 ppm ol 4+ Hood
9] seuEptr BEXEe] 1, 2, 38 ZTd4 Kw-
anggyo Bt} 2~3ff FolA dufER REZE+ HlE
B M) o Sk oi=lgt Kl &g
F BREY FESRS A0k @87 2 8(Erige-
ron philadelpicus ) ol paraquat 100 ppm < BREES}
o KERFel Qo] HEFESMF EHO Gl —
Bl RER L & AL & PR R FEsl
c}.

Peroxidase ¢| 7EHEEE M4k : KRIE F3Ho T
2 w4 100 ppm @ paraquat B KA #
6 B5fsAl e 48 BERA7E=] &l peroxidase?] {EHEE S
WAL ML Figure 63 ok HHE EER
Kwanggyo 7} 2B EM 5ol MZHRS  Hood

2o,
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Leaf part

Base

Tip
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3003028\
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100 ppm

wmmoo
Q0L CC OO0
e0_CCCOOO0
OW)COOOOV
LTINS S OO SEs
eS8 (T

Qe U T
230000084
o0 L
66006008 (.
@ee( L
028690800

Leaf order i
(compound lenf) Variety
Kwanggyo
st Hood
Kwanggyo
d
an Hood
Kwanggyo
3ud Hood
1st Kwanggyo
Hood
Kwanggyo
d
n Hood
3rd Kwanggyo
Hood
1) ; discolération,

no discoloration, determined at 48 hour after treatment

Fig. 5. Discoloration Beeponse of soybean leaf part to paraquat

Bl peroxidase 8] fEfEo] Fol4 paraquat mae PRI
#4:5h= hydrogen peroxide & EH Ik =
i Besch

7leg A fEE vebd A

W o FUA

| EERR0] A =hElA|

WA meo Akes fﬁ%ﬂﬂ}. Zev T R

:LBM

paraquat BEIER peroxidase 2| JEHEo] e A%

paraquat [RIEH 2] peroxidase TETEE S $#(Lr) MR 5 b (#E#£E). Harper 5°& paraquat ol #
| fEko]

#Hu ol 48 854" peroxidase &}

oe B

gt ryeqrass & HEHHER

F2  superoxide dismuta

Activity (Unit/ag) x 10~?

hY / aeee—y——e Kwanggyo (R)

—— === Hood(S)

0 6 12 24 48 uce

100 ppm
Periods of treatment

Fig. 6. Changes in peroxidase activity of soybeans
as affected by paraquat treatment.

se ] TE¥EEIS Z1alshvk peroxidase v} catalase &)
EEE A A B ER R tEe] BEA
i ¥ 3 FE Furusawa 5-& paraquatol] Mt
< vehd & 9] sFRAE superoxide dismutase
o] FEHEBS ol #k&] /Il Zlol™ catalase \} pero-
xidase 8| FEitole B3-S vl A F-E Ao #WE
= 24 paraquat BEHEEel #3l peroxidase &l
el A fEel we} ZRA e AAAd BRshe
o % Hewmatst pEslchy Basek
Peroxidase 2| B4Rk & L 8L : paraquat I
3 peroxidase &| FIfrEEHRS BLE
amide gel electrophoresis ol #%s} F&Eal L R
ERE2] peroxidase [EIfIEERS B Ml Kw-
anggyo+= 6 fl, =¥l Hood = 4 {@H =HFigure
7). Paraquat EHEEZ K24 Hoodole Az 2

polyacryl
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= Varieties — "
Hood

L
[

3 i
R A e O =) - uc ra

increase in intensity

1) UC; untreated control, determined at 48
hours after incubation

Fig. 7. Changes in isoperoxidase patterns of soy-
bean leaves as affected by paraquat, 100
ppm for 12 hrs,

B EfrgER7E Jehgd o il Kwanggyo®! pe-
roxidase [AAIBEES] pattern® EEES Rt
paraquat BEEe| ZA WA & A Fch

Scandelios'® = peroxidase 7t 4o M E 2 B
R HEE ABM LHE WEsSe low %
He) FMES /I dcvle 28] MUEEE
b2 gleta sl o™ paraquat EEEES iK%
Y BE-RORKE ¥ ZWE SbdA EEHE
Hood ol 4 FIfrEEE# 7 A 2} paraquat BFEZ [5]
B ES 7 A4 ° ) paraquat BREE FfrEEES] pa-
tterno] %4 L=y Wkl Kwanggyo ol A& #
o] #{tr} gl 2o Bol peroxidase ¢ intensity
b EAIEERS Bet BEMlE 24 alee] X ¥
v B

Superoxide dismutase %] E¥E#{L :  Superoxide
dismutase+ paraquat e (K3t EHHELS BHiE
e o zhar WAskAl A BERe|th " & B
Baell A paraquat BEEETE 6 BERQS] A 48 B 7LR] ¢
superoxide dismutase ] HE¥4#MLE ¥ REH &
Biel AL TE snslelst 48 #5RAA Wit Kw-
anggyo ol 4= Bbdtd Hoodol A& Al #mik
5 23k & WEMW 5okl WiE]l Kwanggyo
o4 Hood 2t} fE#o] ¢}F Fol4d Kwanggyo 7t
fitEsl BhE 2 #H#EM F32 3lch Kwanggyo &
MR 4] ¥} paraquat BB =2A] s
48 A BREE 7} 46.5 mit/ml ol HEte EER

0l
? LUK 4
- 2
3 %
= ————  Kwanggyo (R)
s
< 04 ———  Hood(S)
10 4
+ + + 4
0 6 12 2} 48 uc »
100 Pt ceeeeesveesenereos

Periods of treatment (hr)
1) UC: Untreated control, PA: Paraquat,
100 ppm

Fig. 8. Changes in superoxide dismutase activity of
soybeans as affected by paraquat treatment.
1) UC; untreated control, determined at 48
hours after incubation

= 33.0units/mf 2 29t o] Hood & 5EHEE ol 4
42.0 units/mé o} I ME o) 4 34,5 units/mél |3}
vh WitEfEol € REHEfEC]E Rel paraquat & B
#3ld  superoxide dismutase?] fit#e] ¥=l= it
trel AEEClA B8] #ingel s vk

ghuf 7}F 2 7b2d paraquat o fiftEel LR
14 914 159 1% 1§
sl hE Furusawa 572 #5582 vl yo}
Kwanggyo ¢ Mtk H}i superoxide dismutase 2|
EHEES sk Row BEE 3}%,'33‘?'%9‘%23)
o fkalel EfdEEre 3t Iél";%ﬁﬁ}ot} o] FhRZe §
14 SOD#EHS HEhtEetdel A Fokotn ?ﬁ’é?
Foale A BB SR ekt

Paraquat o] 7}F2£ %8 =2 £%: T2 coty-
ledono 2 He] F#et 7172 MHRE A paraquat
o EE@EZ} 0.14]4 100 ppm o2 HmME 2
A #%l =] 9 o} Table 2).

te) Kwanggyo 0.1ppmell4l 3.9 %, 100
ppm el A 68.6 % #Hlxl RE mEH Hood =
0.1 ppmelA 67.2 %, 100 ppmal4 92.4 % il
ol F SfERe] JIFA Bfol paraquat o] M
KA MEIHRE bl e Aoz Bpsxic &
e 752 MM Hood o4 9538 uwokcl
Kim™ 9 Kim §'%'%6 {ka}= #ig2] Braisis}
BfEe] MipRe SR el MRS HHBEHEE R

superoxide dismutass ¥t} 5-2

—198 —



Table 2. Effect of various concentrations of paraquat on the mulitiplication of callus

inducted from soybean cotyledonl)

Soybean o Concentratlons (ppm)
variety 0 0.1 1 10 100
-'ng/tube

Kwanggyo 107.8 103.6 75.3 42.2 338
(96.1)2) (69.9) (39.1) (31.4)

Hood 356.1 116.9 102.1 56.1 26.9
(32.8) (28.7) (15.8) (7.6)

1) determined at 15 days after incubation

2 ( ) : indicates % of untreated control

o Mg ES B BREN BRES SR 9 W7l BE= Gl

o o]58 Ry Mituk#el R JFT Aoz
H¢ Aee nol AHEe HRE 17 Yol
Bt agestel b5 4 WMEREZEE  superoxide

dismutase 2| #EHEzES) o Eo] MEHEE

Jed R Bl
LLEe] HEMAEREES el w2 o HER

= B el MR KEES Jehie fH

o] sl ez EHsct x HRRe HEERE,

Biea[RHE, BERS EHLE R JFo MAIRKES

Fas & o &Z#Q Hoodo} Moz =53

Kwanggyof’a'wlt Mk 4 REFAIC] HERET K
€+ veldl= doe BRI 4% ARges

;88 Kwanggyo 238 cell line& Z#ikste H1Ls

o e} HIEB RIS 2 paraquat o Rl T8

fEo] REEME 4 loclel By

rdEste

] g

1. Paraquat ol #3F #4pie]
BEH BEs £ 27 RSk
loration, leaf area 3 leaf dry weight Z0. 8 3o}
Kwanggyo, Milyang 5¢] & &ML Hood W} Dol
ale] mES el Paraquatol #HI S+
Bl KRS ofF Fhch

2. wroll BAEEQ updlo], Au]E, FHorxlEL
paraquat o] Bl Wl vl E, welF, ub
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