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Mechanisms of Tolerance to Diphenyl Ether Herbicide
Oxyfluorfen in Rice Cultivars**
Choi S.H., N.Y. Kim and J.J. Lee*

ABSTRACT

In this study, the relationships between sensitivity to oxyfluorfen, absorption of the herbicide,
protoporphyrin [X(Proto IX) accumulation and activities of antioxidative enzymes were examined to
identify the tolerance mechanism against oxyfluorfen in various rice cultivars having different level
of tolerance to this herbicide. Absorption of oxyfluorfen in tolerant rice cultivars was slower than
in susceptible cultivars. Proto [X accumulation in various rice cultivars treated with oxyfluorfen
was higher in susceptible cultivars than in tolerant ones. In susceptible cultivars especially, Proto
IX accumlated rapidly during the herbicide treatment in the dark. Large amounts of Proto IX accu-
mulation were considered to cause membrane lipid peroxidation in the light. However, among the
tested rice cultivars, there was little relationship between their tolerance to oxyfluorfen and the
activities of antioxidative enzymes. Therefore, it is assumed that differential susceptibility of rice
cultivars to oxyfluorfen was due to difference in their capability to absorb the herbicide and to

subsequently accumulate Proto [X.
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Fig. 1. Desiccation of shoots of rice plants by oxy-
fluorfen in the light. Shoots of the plants
were soaked in 10°M oxyfluorfen solution
for 2hrs and then exposed to light until each
sampling time.
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Fig. 2. Chlorophyll loss of shoots of rice plants by
oxyfluorfen in the lignt. Shoots of the plants
were soaked in 10°M oxyfluorfen solution
for 2hrs and then exposed to light until each
sampling time.
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Fig. 3. Effects of 10°M oxyfluorfen on growth of
rice cultivars. The herbicide was applied to
roots in darkness for 24hrs. After the treat-
ment, the plants were washed and grown
for 2days in a herbicide-free nutrient solu-
tion.
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Fig. 4. Absorption of 10°M "“C-oxyfluorfen by leaves
of rice plants in darkness.
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Fig. 5. Proto IX accumulation in intact rice plants
during light exposure. Shoots of the plants
were soaked in 10°M oxyfluorfen solution
for 2hrs in darkness prior to being cxposed
to light.
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Fig. 6. Effect of oxyfluorfen on superoxide dismu-
tase activity in rice plants. Shoots of the
plants were soaked in 10°M oxyfluorfen
solution for 2hrs in darkness prior to being

exposed to light.

- 367 -



o FaAE e Aguch ¥ Aol waiA,

A 52 o] FAEe glelA] Proto X Ao
Protox 7h4=Ade] #elshm 9lg 7MsAel A4t
54315}_13,19).
3) A8t A A4 3} oxyfluorfensl] of &
el A ‘

Oxyfluorfenol] tj&le] A& o}2 7548 o
Bl EE2ES 10°M9 oxyfluorfend=£-oY ol
221 7b5e AR AelqE F, FERAS A HAIH
g B sgAgY] WHIE FABIETHL
¥ 6,7,89,10). i ol A3t FAAE F F=
AR Ashe) Tge] SEeAEe F7h
= Aol ok (28 1), AP, GR @ MDARE&
FA e wlate] ekl M| TelA L @A) o
7 = A%E Jdeuldt ey 7,89). kA

R Hunan 31

g Py

g

2 . —O— Control

E —{3— Treatment

\s o 1 ! I

'g 3 HP 857

3

e 2

o

2

§ 1

]

g 8 1 | |

~ HP 907

£

= 2 l—

8 g—_:.—;:’:ﬁ

v

5T

= | l ]
0 0 12 24

Light exposure time (hr)

Fig. 7. Effect of oxyfluorfen on ascorbate peroxidase
activity in rice plants. Shoots of the plants
were soaked in 10°M oxyfluorfen solution,
for 2hrs in darkness prior to being exposed
to light
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Fig. 8. Effect of oxyfluorfen on glutathion reductase
activity in rice plants. Shoots of the plants
were soaked in 10°M oxyfluorfen solution,
for 2hrs in darkness prior to being exposed
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Fig. 9. Effect of oxyfluorfen on monodehydro-ascor-
bate reductase activity in rice plants. Shoots
of the plants were soaked in 10°°M oxyfluor-
fen solution in darkness prior to being ex-
posed to light
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Fig. 10. Effect of oxyfluorfen on catalase activity in
rice plants. Shoots of the plants were soaked
in 10°M oxyfluorfen solution for 2hrs in
darkness prior to being exposed to light

Table 2. Activity of antioxidative enzymes in vari-
ous rice cultivars.”

Rice

. Hunan 31 HP 857 HP 907
Cultivar o
mg protein/min

SOD 20.1(£1.2) 19.3(£29) 10.1(£0.2)
GR 45.7(13.6) 46.1(£5.1) 47.7(12.0)
AP 1.85(+0.04) 1.63(£0.1) 1.44(1£0.02)
MDAR 51.7(=1.8) 592(£29) 523(+t4)
Catalase 36.4(+1.5) 33.8(*F1.8) 34.6(£09

" Units of enzyme activities were as follows ; SOD
(superoxide dismutase), units/mg protein/min ; GR
(glutathione reductase), nmol NADPH oxidized/
mg protein/min ; AP(ascorbate peroxidase), 1 mol
ascorbic acid oxidized/mg protein/min ; MDAR
(monodehydroascorbate reductase), nmol NADH
oxidized/mg protein/min ; Catalase, gz mol H,0;
oxidized/mg protein/min.

Values in parenthesis indicate standard error of the
mean.
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