SR 30(2) ¢ 111~121(2010) Kor. J. Weed Sci. 30(2) : 111~121(2010)
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Mechanism of Protoporphyrinogen Oxidase-inhibiting
Herbicide, Oxyfluorfen Tolerance in
Squash leaves of Various Ages

Yong In Kuk'* and Young Beom Yun

ABSTRACT Differential tolerance to protoporphyrinogen oxidase (Protox)-inhibiting herbicides,
oxyfluorfen was observed between leaf ages in squash. Physiological responses to oxyfluorfen,
including leaf injury, cellular leakage, accumulation of tetrapyrroles, and antioxidative enzymes
activity, were investigated in leaf age classes of squash to identify mechanisms of oxyfluorfen
tolerance. Leaf 1, 2, and 3 injuries for Joongangaehobak were >10,000, 1,286, and 1.6-fold higher
than that of leaf 4, after treatment of oxyfluorfen. On the other hand, leaf 1, 2, and 3 injuries for
Sintowjahobak were 725, 366, and >0.6-fold higher than that of leaf 4, after treatment of
oxyfluorfen. However, in contrast to oxyfluorfen treatment results, leaf injury of squash leaf 4 treated
with paraquat was much smaller than in leaves 1, 2 and 3. Electrolyte leakage from the tissues
treated with oxyfluorfen was higher in the youngest leaf (Leaf 4) than in the older leaves 1, 2, and
3. Differential leaf response to oxyfluorfen of squash appears to be due in large part to differences
in protoporphyrin IX (Proto IX), Mg-Proto IX, and Mg-Proto IX monomethyl ester accumulation in
treated leaves. In contrast, leaf 4 had higher activities of superoxide dismutase, catalase, peroxidase,
ascorbate peroxidase, and glutathione reductase than leaf 1 after treatment with oxyfluorfen.
However, the induction in antioxidant activity in leaf 4 was not enough to overcome the toxic effects

of a Protox inhibitor, oxyfluorfen, so the leaf eventually died.

Key words: antioxidative enzymes; leaf age; oxidative stress; oxyfluorfen; paraquat; protoporhyrinogen

oxidase; squash.
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Diphenyl ether(DPE) €] th3E4 Q1 #| Z2A| oxyfluorfen
I} oxadiazoleAl A ZA|<l oxadiazon % olyz}t
pyrazole phenyl ether, N-phenyl imideZ] A|ZA|&
%= DPEA| A|ZA¢}t TLsHAl B/destoll A A=A
o] A% g9 g f7|AA AEAE 2AH
3t Aoz 4elA dthDuke 5 1991; Scalla®}
Matringe 1994). ©|& A|ZA|2] 2842 porphyrin
A 244l A protoporphyrinogen IX(Protogen
IX)©] protoporphyrin IX(Proto IX)Z Atsly] = 2%
o] ¥%4 2= 24-3}+= protoporphyrinogen oxidase
(Protox) 2.2 44 I thDuke & 1991; Jacob &
1996; Matringe ‘5 1989; Witkowski®} Halling 1989).
DPEZA| A ZA1E B3 Protox A3lE | ZA] ol <3
Protox &47F AdE™ o] &49] 712<l Protogen
Xo] MaA9 eJufel] FA61A] Kot dPdAGORE
|&ste] P29 Protox AR Al 23l FEAd
E-29] Proto IXo] Zt} A5 3, o]8]3} Proto IX
H

[¢]

B o] ] AL é%iz (0 E
PYAA A Zere] A A a-8-5 oA Ao

2 AEAE 7 st} (Becerril and Duke 1989; Duke
5 1991; Matringe 5 1989; Sherman & 1991).
Protox 4818 A 2A|F &A71A 2] 7} DPE
A AZzAL BAER oG AzA ] Aelg Zo] v
T Fot ol& AzAle F2 I AujA A FHA
2] & AZAZ AFEE I e Aotk 28y HE
H %3t 4 52 DPEAl A|ZA|Q oxyfluorfen©l] 7
Ao g WS Bo A& F1td WA Aol7t EA)
e & T UK = 1997, T3 T 1996, =7}
T 1997; Choi % 1999; Sherman % 1991). H3k
oxyfluorfenol] tg g zto]7} S W FF3tol =
EAeto] HaEAth(= 5 1996; % 5 1996; Guh
5 1988). 3 =< 7HXﬂ Ul A = oxyfluorfen©l] T
g A ztol7h gl E, Bl o gl metM e
WAl 2o = EOH’JFEL ELO} 1TH= 5 2003, ©] &
1998). ol& g F3F, T 2 L AW FEt A
gatole g 717‘“’1] ofsf vepd 5 Atk dE
9, W gz S whet Al 2o vk

i
HE
]:t:l

1 3} H(Pereira 5 1971;
FHol|l 54 Aol A x2A
T E o J—% mZ Tk Oxyfluorfendl] W4 H
ol A FF HlE S Ao o
7 =9] AlgHo|a zfo]7h vk g wh
(Guh 1988)°l oxyfluorfenol] gtz o2 A<l
& Held vlel Fkele Afol7t gldlo ofde
He7h 9Rn g Aog HuHYtKChun 5
2001). Acifluorfen®} phenyl triazolinoneZ| A|ZA] ol
WAdQl Folu} fluorodifenl] WAIQl BF-2 o]E Az
Ao Al&ek tial wZel] o] WEHET T st
(Eastin 1971; Frear % 1983). w3} 232l 3HA
G| A Proto IX _qu © Protox &2 Aol o3l
7191% =H acifluorfenc] WSl Axb= A<l of
AF ol H]3f Protox EAA &7} 211, Proto X 43
o] Atta 3}% 2™ (Sherman & 1991), oxyfluorfen
o il Wl Ho] Kejo] Blgl Protox /4]
et Proto IX FZA o] Aol 3FATtHChoi %
1999). o8 gk g W FFZF Akl T 1996,
Lee 5 1992)¢F & 7HAW il 3t Aol (=
5 2003)cl] #3 Aol E B 4= 91tk DPEA Al
ZA9 28l Protox &47F A8 Proto IXo] =4
=, F8% Proto X2 BAEistolA dEdita
£ WAslo] 245 7| dthHaworth and Hess
1988). 1# D2 AZgAAE BHEgl @ & g
vitamin C9} B2 3413} 9} superoxidase dismutase
(SOD), catalase(CAT)$} 22 gkl gie] &4 Ajo]
ol 23} Protox Aell@ A|zAlol thgh F3t FH 3 &
o A AR WAL EAE Ao TP E 5
Ut} AA| 2 Finckh$} Kunert(1985)+ oxyfluorfen©]
o gk A1 344817} vitamin C9F E9| H]&o] AFe f
(10-15 : 1) &7t Zadtta sia, 1 FFE oF
Aol gt Wdzt #do] ltia B skt Protox
Aol AzA WAl B F53 5 JHAN g%t
Wi ztole] 7%, oxyfluorfens #2]5Hd SODS} 2
o 6‘]-}\]—§],E_/\ A O] 71—/‘/\4 Iz r= /\H;Hﬂ% 7}
3 Gl vl S "ot sth= 5
1996). E3F oxyfluorfen *2]ol |3t &

3]3] = a-tocopherol, mannitol %! hydroquioneS’J A

e 2 ol ok
rlo o
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A2 Az e Ao 2ad v glthMatsumoto
5 1990).

H & 25330 As 2 9 5L A W &
3= Protox A8]8 A ZA o] ok WA 7|2 AT
7} SR BT suk ezt &4
#3t A= A3 A olth

uebA Oﬂ:rL*‘ Protox #]3}1& xﬂ ES: 1]
7+ Felsk YA ajo| =
drate] 01% A7 V=

%o A8k, Protox A8l 3 Zﬂ
Zto] T2 paraquat A 2| A] U F#HIE HES-
sttt 38 Protox A8 8 A ZA q@ o

\-N'

9] Proto IX _/] =2 ;gc =1l -slx\Lg} =S

Abste] gobH ghet.

NS

o] A& Bt 187 s FF
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uh AEZH 9 FAE ALt of
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Zsta AR & FAE JJr*ok’% 30/20 T (F/ohel &
T20F 16713k Gz A A oAl
¢ Tt ol & BHel s ZE(500ml)E o2
to] F/okgt 30+3/20+3°C 2] &7 oA 4714
AAANAT. 49704 AWE ZHbol] oxyfluorfen
(23 5% EC)< 0, 10, 100, 1,000 2 10,000pMo°] &

ZAste] Ze] Al x2A 7t ‘[‘E] =5 el
13_1‘:_ Aol FEd| FTFHEE A1 &
Elol] & 3 AAAKFF 3020C, 25011mol m’she
2 &A 29 F 9483 ﬂéﬂ’é_‘i% g7t 519
(0~100%, 0 ; A ﬂ}) Oxyﬂuorfen
o, 49

% 3H]—%O§ %016]. /\]—5-]

ofy
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0; sl 1
Al 1, 2, 39

50% A=At & A3
= 23] TPk FEE WA Aol & dotry] 9

slof olelst 2e WHAE oG] Ig FaA

¥y = yo+a“exp(-b*x)

Oxyfluorfen®} z-g-7]%to] Th2
SL)Z 100, 200, 300 2 500pM = ZA4|8ke] 4%0]
AN Futel Axelm Ae] F 2443k 2e7L
o o3& o FAPEE AT 1 ke A
< 919 oxyfluorfen A3 LA sttt

paraquat(24.5%

(4mm 7)< W= 27 0.1g4 1% sucrose/ImM
2-(N-morpholino) ethanesulfonic acid buffer(pH
6. 5)7} 5ml @74 & Petri dish(6ecm 2] 7)ol %31
% oxyfluorfen(100%)2] #HFs =7l 100uME =5

at9lth. Oxyfluorfens A 2] AHAS 25T A
Aol X 12412 et v 250umol m” s
B2 ZAete] A 7]1H = Al (Horiba, B-173)E ©] &3}
of 2A1ZF A0 ' 12AI34A] Hej=de v 3
A=t

Aelstar 9fef Allxu Z*OHEX]/] = ’\]?ﬂﬂr
Yol e el A] 12"]7} ke & 6A17E B
=2 F 47 199 495 0.1g AFste] 2HApApE)
%F_ 2ml2] methanol : acetone : 0.1 N NaOH (9 :
L, vjv) FEE&H0 = npgt v, 4T &=

W 10,000g9] &£=2 1087 948 ste] 44
NS FHota YdE HE(0.2um pore size)E AE
T ARESH7] A7 -70C e Wl Bkt
Porphyrine NovaPak Cis column(4-um particle
size, 4.6x250mm, Waters, Milford, MA, USA)<
A3 HPLCE #413l9ith. HPLCE 34 &7 =
methanolZ} 0.1M ammonium phosphate(pH 5.8)<]
o] 54 (1ml min ) ©] &35t} Proto X& ©7] 2
2% 3g<E ZH7F 4007 630nmol A 183 Mg-
Proto¢} Mg-Proto Me+= 4159} 595nmel| A Z7% 3}
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Atk ol BHEL T EA Y Hlaste ) F3tst

4o (Lermontova$} Grimm 2000).

09k
1]
0z

SIS A
497HA AN ‘J 4}l o oxyfluorfen 0, 10, 100,
1,000pMe] ¥ =5 Agfste] el 12413t v
S 3ol 24412 % % 7t e 05g 4 A3
sel 24 A7 70T WEnA] B 7
199 49 2€ oﬂxﬂ 28 ol g3l B e
2mM EDTA, 1% PVP-40 2 1mM PMSF7} d7}€
100mM potassium phosphate buffer(pH 7.5) 3ml=
A 3}ste] 15,000g% 2087 G4l R2] 8 v 43
oﬂQ. s}z\}i}i/\ izlz\% Z;d oﬂ /\}Q.g}gﬂ/\q.' Ascorbate
peroxidase(APX) 7Z-% $1¢] 5% buffere] 10mM
ascorbateS A7}8l 1, SOD AL ZgAhNS
PD-10 column®l] oJ3}A]71 & ARE-319th SODY
g4 0.1mM EDTA, 0.015mM ferricytochrome C,
0.05mM xanthine®] %7}& 50mM Na,COs;/NaHCO;
buffer(pH 10.2)Z AH&-3+1tt. SOD E4S 550nm

oM 1% 0025 Y2 FA=7 /M § IES
Z53} 9ko] xanthine oxidase®} ZEANS o] T
B faes 245 545k th(Spychalla and
Desborough 1990). SOD 24 9] ©@¢]+= cytochrome
Cel g9l 50% AaEe vl Bad a2 F&
7|F0 2 sted ALtetilth. CAT €42 Mishra &
(1993)] el oa] S74stlaL, W&H2 50mM
potassium phosphate buffer(pH 7.0)¢} 11mM H,0,
2 6}9}3} CAT &2 &4 FF9<& ¥l 240nm
T H3lZ =3tk POX 4L &
& FEAS %‘— 470nmol| A guaiacol A FO 2 =
atithEgley & 1983). APX9] 42 ascorbate
o] 25t =2 290nmol A o] R = Haw S 6t

$13(Chen and Asada 1989), APX2] Wk 0.5mM
ascorbate 2} 0.2mM H,0,7} % 7Fg 100mM potassium
phosphate buffer(pH 7.5)°]1t}. Gluthathione reductase
(GR)Y A& Rao(1996)9] " we} 2mM
EDTA, 0.2mM NADPH % 0.5mM GSSG7} 37+
100mM potassium phosphate buffer(pH 7.8)° 2%

2908 Yol WA F 340mmelA] B FYE 3

=)

A2 2ARIEY. 9 geke] %2 Bradford
(1976)2] o Fato] AAsT)
Zat o 2@

Protox X35H& M=H| OxyfluorfenOil CHst SHt
2 LA 0|

Protox A3 & A|ZA]Q oxyfluorfenol] tjgh o8}
FHE U Aol & Loty 913 28 18 FF &
oA FREZE WA 7L RS 25 S HF AAEs)
AHAZ A, ol AdE 2EF(TLNaH

ANER)e] EAE FEeld 490 AMEHYL o
oxyfluorfend A2 stAth2d 1). TYhsH 5
o] %, 1uM oxyfluorfenE G A2 3 uf A
d 996D 39N-E % 50% o] U 8
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Fig. 1. The effect of leaf age on the response of two squash
cultivars (A; Joongangaehobak, B; Sintowjahobak)
to oxyfluorfen. Plants were sprayed at the four-leaf
stage, incubated in the dark for 4 h, and exposed to
light to 48 h.



HHEEEE 30(2)85. 2010

115

120

100 4

80 4

B0 4

40 4

20 4

1 Tstleaf B
4th leaf

g
.

|
-

|

/

AT

.
L
/
.
-
.

.

Leaf injury (0-100, 0 : complete death)

0o

500

Fig. 2. The effect of leaf age on the response of two squash cultivars (A; Joongangachobak, B; Sintowjahobak) to paraquat.
Plants were sprayed at the four-leaf stage, incubated in the dark for 4 h, and exposed to light to 24 h.

S H33, 10uM 039 F=oA = dol A9 1A
gttt 18y Add ez 197 2994 = 1,000
o] e] A& ©A] 40% B & ol A< 3
371 vehA] ekttt =8k 19904 10,000uMe]l
M= 40% F =2 I3l Hell JeERA ol thE 4
o Hlg] =2 WS Btk =1t oxyfluorfenol
Ha WddEs1>2>3=49 €22 1JrE‘r”E‘r
AEFNE FFlast FE4E A9, 29
Hohe 3, 494 F8f F =7t 23, F 559 ?3%
A& atel= A Furk 2™ 19 F FEY
dEE dof I rel et A5 E o] g3t 3

N mlo
ym
0 o ox X rlo

7254, 366, <O0. 6HH«] EE
Bt o5 Q¥ F213 207} oxyfluorfens} 2
47]%fo] thE paraquatol| M= A 73S Hol=
A ol A} 49j0] H/NE TEFI el paraquatE *
ﬂz‘s}oﬂq-(:/_a 2). Paraquat A 2]ol|A = g1t v

)

A

£ B o oxyfluorfenol A HQl A&7 W&

Table 1. Iso values for leaf injury response of two squash cultivars treated with oxyfluorfen.

b .
Cultivar Leaf Regression equation” R’ Lo Relat1vec
age (uM) tolerance
1 y = 56.52+46.33%*c 00" 0.98 > 1,0000 > 10,000
2 y = 7.76+81.52%e 000 0.99 1,286 1,286
Joongangaehobak + (0.109%)
3 y = 2.78+56.40%¢ 0.98 1.59 1.59
4 y = -0.00000000069715+55.08*" "> 0.99 < 1.00 <1
1 y = 26.70+71.13%e 009 0.99 1,197 725
- % (-0.0012x)
Sintowjahobak 2 y = 6.57+90. 64*e( o 0.99 604 366
3 y = 8.33+45.37%¢ 0.73 < 1.00 <06
4 y = 2.78+63.70% 1% 0.98 1.65 1

"Regression equation generated using herbicide concentration in M.
"Is) values were the oxyfluorfen concentrations that reduced visual leaf injury by 50%.

“Relative tolerance values were calculated based on the ratio of Isp values of older leaves (Leaves 2, 3, and 4) to the

youngest leaf (Leaf 1).
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e e B B &, FdizEe] A5
A9 499 7§, paraquat A2 =7t 7t
2 2 . ko

gl T=7t S7MESE A=
At 3 A EF ] A foM T
=7t & AR Yehd ot
TN Fela Aol Holx] it
Oxyfluorfen©] o3t A& L3} Hele] A&7t
?Sﬂr =+ 1997; =3} T+ 1996; =3} T+ 1997; Choi
5 1999; Sherman 5 1991)¢] o]z} 1S #wt o}
14&} v FEH(F S 1996, 3 5 1996; Guh &
1988) T U, He] FE % 2ol & HO]D}(?Q}
= 1997). B3 B A& ZWM il 4= 5
2003; ©] % 1998) 12w ¥, Ha] ¢zt uigt
oxyfluorfen®l] tj gt WA xfo] 7} Ex) 0} oz H
2E v JTHE 2007). LA o7 A A ¥t oly
gt L3 2o FHAEY 2 YAME 5T I
Hr} ofdelx] Falj7} Alstet e & AT 23
oA o} o] T NAWL 43 199 Apol7} F3F
2 FUlA B Qe AolHt & Aoz YEhg
o} W] 453 2% (Donahue 5 1997), 2°|(Kuk
5 2006) ATl A& A o] U oz F&hol
H|3| paraquatol] FthA o2 WS B w3t &
(2007)& B3} HeldllM = ofdgio] Asel Hls)
oxyfluorfen©] WAUS B 3}@1—/} 2 AFA B
<l paraquatel] tfgt SHF GEZE U4 Afolo] #gt 7]
e F5o AEF o lD}

>}L r:i

K

dezos & a7l AHed 3 FFEIHE
uh NEHLS B AW FHE A YAz}
o] Holal glo] FZtolyp FF3he] Hole F47
AolE WA £ Q7] i RS F3FE

Protox A3l & Al ZA] ] & A7) 2SS o el
& ABE o]4d F ol Eoh

Oxyfluorfen Az2|0]| (2 S8} 2+ M2|H HESRIO|
Oxyfluorfen i]EIOH = im OS‘%]HQ Bk
FES ALY F B AR
3t oxyfluorfen©] o3t &
T AR = FR3E
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Fig. 3. Effect of 100 uM oxyfluorfen on conductivity change
from the four different age classes of squash plants
(A; Joongangaehobak, B; Sintowjahobak).

Aol 7k Aot o o] FREE Gtk 2 Aole
Bk 2 oAYASE AR o] AN ¥
= gz U9

k. webd A AHBAY
Sk Ak 299 4U5E 20 ekt

SHA™0 2 Oxyfluorfen LHAT7|Z}

DPEA| #|ZAQ1 oxyfluorfen®] 2H-87]2F2 A4
A2l €9kl 9= Protox &7} oxyfluorfenol 2|3
A= o] &42] 7129l Protogen IX©o] A 44| uf
2o R olFd T dgAnte] EAste AzA WA
9] Protox FAFE A 28l Proto [XC.Z AHglE ] o]
Proto I[XO ZEE dZAt47) 2AE o] 82 ulo)
By Aoz dEA rh(Lee?t Duke 1994). ©]
2 2H-87]2 0.2 = wf Protox &4 AHA|7F WA o]
A Proto X9 4 80] AAY L= Proto XC.2
TjEi HAE = dFPNLE T Tl ¥

HE gep YW BY AR 58 4 vk o
?Jr/ﬂ oxyfluorfen Ag] & X239 P29 F



HHEEEE 30(2)85. 2010 117

&
S

Proto (ng/g FW)
g

[
S

=)

o o

Oxyfluorfen (M)

Fig. 4. Effect of oxyfluorfen on accumulation of tetrapyrroles
in two different age classes of squash plants after
6 h of exposure in light (A; Joongangachobak, B;

Sintowjahobak).
e dEE 2 S43ItH ™ 4). Oxyfluorfen
Ao 2 cuF GEH Proto X9 42 TYol
S| A1, 199M = Ags=rt Srlsieate &
Aol o} ATk T} 4ge] A oE 10ﬂoﬂ )
o o 10~588 AT AERY AT 198

78l A EA &9k, 4G e Al eert *‘7}6L
5 S7kste] 45d¢] 199l Hla) oF 19~53n) quﬂ
ATk Mg-Proto X9 42 FUofsrto A= 1
H 4997 283 Aese Fhol| Aol & HolA] &gk
ok a2y AEHe] A9 490] 1] wal o 2w
o FAFL o}, AeEErt Frtetgs
SAE SV HolA| fstth & v X239 Ay
d 742 F2EZ <Y Mg-Proto IX monomethyl ester
A$E= Proto XY A 193} 49710 & i}O]
£ HAth & FYizuty JEs sl A4
10~1,000uM A 2JellA] 4530l 13l H] &) —.7—]* 20~
12090 ¢} 40~1104) =4 o]

ARFH 0 2 oxyfluorfen *] ]| «] 3l )3t Proto

7

X9 %7 x%sﬂ%w VE 484 4% Pa
A gelo] HE Aew wnHn Yt

(Becerril and Duke 1989; Sherman & 1991). w2}
A B AFA T A 45]0] 194 v Hallede]
Zo] Juid o2 o} oxyfluorfenol] thdt 57t
’d2tol= Proto X9 43 71dg o] gl
FEY & Utk ®3 Proto IX ©]¢]9] x23]d g
d AR &l Mg-Proto X2 Mg-Proto IX
monomethyl ester %232 Protox A3 A %A
oxyfluorfeno] th3t A& A 4= 9lt}. Sherman
5 (1991)& Protox AlajAlol Az oz Al A
A7 T 2 A ECE ok, Bl oA )l H
3l Protox A3)|Al 2] & 93] Proto IX2] %2 o]
Ava B4 29 dE QPN T2 47
A AR FHEA =4 23 Protox A A z2A4 <l
ek g2t A7 vkar o th(Becerril and
Duke 1989; Chun -5 2001; Jacobs and Jacobs
1993; Jacobs & 1996; Lee®} Duke 1994). 11}
Lee & (1992)2 7 2]&F7to| Proto IX2] &4 0]
th2H, oxyfluorfen * 2]l o]t A 2A4)2] Il =
7F 220 2 € Proto X9} 4 #de] Sle A&
ohletn masigh
Protox2] A3llol] o]& =2 % Proto XS F48 3l
A LdFFAALE ATl AEANE A 3}
(Duke & 1991; Haworth$} Hess 1988). wjehr] &
—6—6]-)\]'5\—3 E_Eﬂ sF Z"_. 9\}1\,“:4 EFPA]—Q],E/\/] Eﬂ—/ﬂ‘]}
oxyfluorfenol] A zke] BHAA o] JEAZ ZASHA
TH2H 5). TYefsnte 7% FA e ’E}HP] NERCh
Frtst e CATE A48 SOD, POX, APX 3
GRO|A 49| 1998} ¢F 2,2, 5 9 250 =& &
4& HIth 4%dolA SOD AL 1l Hls)
oxyfluorfen 2] 0.2 <k 3u) o]} Z7}a}glch. g
499 7% oxyfluorfen A2 F=7} 7145 F
el vla] F7kshe Ak Biou 19e 2399
AastAY Ee v Fdes Btk 4994
CAT 273¢] 7% 10uM oxyfluorfen #2]ol|A%+ 19
o vla <k 2.54] =Sk ¥ 100, 1,000uMoIA = A
U eole] W A3 Bt POX €49 A5 19
e oxyfluorfen *&sxrl ket gte &4+
w=7F gl e, 449 7<= 10, 100, 1,000uM A2
ol 140l Hlal 247} <F 15, 8, 6] 2 TS B

l:I[o
to = o
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Fig. 5. Effect of oxyfluorfen on (A) superoxide dismutase,
(B) catalase, (C) peroxidase, (D) ascorbate peroxidse,
and (E) glutathione reductase activities. Four-leaf
plants treated with oxyfluorfen were harvested at
24 h of exposure in light.

Atk 197 499 APX €42 oxyfluorfen * 2| =
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