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Difference of Protoporphyrin IX Accumulation and Antioxidative
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Oxidase-Inhibiting Herbicides*
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ABSTRACT : This experiment was conducted to investigate the protoporphyrin X (PPIX)accu-
mulation, activity of antioxidative enzymes and contents of antioxidant in tolerant-wheat and
susceptible-barley to protoporphyrinogen oxidase(Protox) inhibiting-herbicides [oxyflucrfen
(2-chloro-1-(3-ethoxy-nitrophenoxy-4-(trifluoromethyl) benzene, acifluorfen(5-[2-chloro-4-(trifl-
uoromethyl) phenoxy]-2-nitrobenzoic acid), bifenox(methyl-5-(2,4-dichlorophenoxy) 2-nitroben-
zoate), and oxadiazon(5-tert-butyl—3—(2,4-dichloro-5—isopfopoxyphenyl )-1,3,4-oxadiazol-2-one) 1.

The tolerant-wheat and susceptible-barley were soaked in these compounds at 107°M for 2hrs
and exposed to light for 2,4,6 or 8hrs to investigate change of the activity of antioxidative
enzymes.

The activities of monodehydroascorbate reductase(MDAR), catalase(CAL) and superoxide
dismutase(SOD) were lower in the barley than in the wheat after the treatement of these
compounds. The activity of peroxidase(POX) was lower in the barley than in the wheat at 8hrs
after the treatment of oxyfluorfen but other compounds showed no difference in activity in
wheat and barley, The activity of glutathione reductase(GR) was increased in wheat and barley
according as hours of treatment of these compounds became increased but its activity was no
difference between wheat and barley.

In the case of the content of vitamin C due to the treatment of these compounds, the wheat
decreased less than the barley. After the treatment of oxyfluorfen the content of vitamin E in
the wheat was higher than in the barley but other compounds didn’'t have any difference be-
tween wheat and barley. And after the treatment of acifluorfen the content of carotenoid was
greater in the wheat than in the barley but other compounds didn’t have any difference between
wheat and barley. The content of glutathione{GSH, GSSG) was greater in the barley than in
the wheat.

The content of protoporphyrin [X (PPIX) accumulation by the treatments of these compounds
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was more in the barley than in the wheat. Especially, the treatment of oxyfluorfen and

acifluorfen were more accumulated 2.3 and 1.3 fold in the barley than in the wheat, respectively.,
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Fig. 1. Effect of protoporphyrinogen oxidase-
inhibiting herbicides on MDA re-
ductase(MDAR) activity in wheat
and barley. The herbicides appli-
cation(1.M) were soaked to shoot for
2 hrs and then exposed to light. The
MDAR activity of untreated wheat
and barley were 0.29+0.03, and 0.62+
0.07 4 A/min/mg protein, respect-
ively. The different letter are signifi-
cantly different using LSD at the 5%
level.
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Fig. 2. Effect of protoporphyrinogen oxidase-
inhibiting herbicides on peroxidase
(POX) activity in wheat and barley.
The POX activity of untreated wheat
and barley were 0.68+0.12 and 0.62+
0.19 mmol /H,0, /min /mg protein, re-

spectively,
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Fig. 3. Effect of protoporphyrinogen oxidase-
inhibiting herbicides on glutathione
reductase(GR) activity in wheat and
barley. The GR activity of untreated
wheat and barley were 0.53+0.08 and
0.48+0.07 4 A /min/mg protein, re-
spectively.
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Fig. 4. Effect of protoporphyrinogen oxidase-
inhibiting herbicides on catalase(CA-
L) activity in wheat and barley. The
CAL activity of untreated wheat and
barley were 0.17+0.02 and 0.43%0.08
4 A /min /mg protein, respectively.
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Fig. 5. Effect of protoporphyrinogen oxidase-
(inhibiting herbicides on superoxide
dismutase(SOD) activity in wheat
and barley. The SOD activity of un-
treated wheat and barley were 50+7
and 50+10 units /mg protein, respect-
ively.
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Fig. 6. Change of vitamin C contents in
wheat and barley plants at 6 hours
after treatment 1 M with protopor-
phyrinogen oxidase-inhibiting herbi-
cides, Vitamin C contents of untrea-
ted wheat and barley were 59.2+12.3
and 31.5+9.54g/g F.W., respect-
ively,
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Fig. 7. Change of vitamin E contents in
wheat and barley plants at 6 hours
after treatment 14M with protopor-
phyrinogen oxidase-inhibiting herbi-
cides. Vitamin E contents of untrea-
ted wheat and barley were 1243 and
1942.9 ng /g F. W, respectively,
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Fig. 8. Change of glutathione(GSH) contents
In wheat and barley plants at 6 hours
after treatment 1M with protopor-
phyrinogen oxidase-inhibiting herbici-
des. The GSH content of untreated
wheat and barley were 240+11 and
197+174g /g F.W.,, respectively.
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Fig. 9. Change of glutathione(GSSG) con-
tents in wheat and barley plants at 6
hours after treatment 1,M with
protoporphyrinogen oxidase-inhibiting
herbicides. The GSSG contents of un-
treated wheat and barley were 420+
50 and 250+36ug/g F.W., respect-
ively.

Table 1. Change of carotenoid contents(% of
control) of wheat and barley at 6
hours after treatment of protopor-
phyrinogen oxidase-inhibiting her-
bicides

Phy- Phyto- B-Ca- Total
toene fluene rotene

Oxyfluorfen Wheat 118 115 96 108
Barley 108 108 101 105
Acifluorfen Wheat 116 111 109 111
Barley 87 87 80 84

Herbicides

Bifenox Wheat 97 92 95 94
Barley 106 100 93 99
Oxadiazon Wheat 121 116 107 115
Barley 103 102 95 100
LSD 0.05 10 9 12 10

Carotenoids were extracted with absolute methanol
and then separated with n-hexane after saponifi-
cation,
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Fig. 10. Effects of protoporphyrinogen oxi-
dase-inhibiting herbicides on proto-
porphyrin X (PPIX) accumulation,
Shoots of the plants were soaked in
1, herbicides solution for 2hr and
then exposed to light for 2hr.
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