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Difference of Absorption and Anatomical Responses to
Protoporphyrinogen Oxidase-Inhibiting Herbicides in
Wheat and Barley*

Ja Ock Guh* and Yong In Kuk**

ABSTRACT : Laboratory and greenhouse studies were conducted to determine differential
sensitivities on absorption of ¥C-oxyfluorfen and the anatomical responses in wheat and barley to
protoporphyrinogen oxidase-inhibiting herbicides [oxyfluorfen(2-chloro-1-(3-ethoxy-nitrophen-
oxy)-4-(trifluoromethyl) benzene, acifluorfen(5-{2-chloro-4-(trifluoromethyl) phenoxy]-2-nitro-
benzoic acid), bifenox(methyl-5-(2,4-dichlorophenoxy)-2-nitrobenzoate), and oxadiazon(5-tert-
butyl-3-(2,4-dichloro-5-isopropoxyphenyl)-1,3,4-oxadiazol-2-one) ]. I value of the tolerant wheat
cultivars to oxyfluorfen was about 1074, whereas that of the susceptible barley cultivars was
about 107°M, showing significant difference between the two groups. When foliage were applied
with acifluorfen, bifenox or oxadiazon, the oxyfluorfen-tolerant wheat showed less decreased in
shoot fresh weight and chlorophyll content than the susceptible barley. Also, when soil-applied
with these herbicides test plants showed similar tendency in foliar application, Electrolyte leak-
age from the tissue treated with these compounds was the more influenced in the barley than
the wheat, Malondialdehyde(MDA) production as index of lipid peroxidation was greater in the
barley than the wheat by treatment of these compounds. Therefore, the differential sensitivities
of wheat and barley to protoporphyrinogen oxidaseinhibiting herbicides was showed by our
greenhouse and in vitro experiment. The absorption rates of “C-oxyfluorfen were higher in the
barley than the wheat. And this tendency was showed apparantly difference by increase of
treatment durations. After the oxfluorfen and oxadiazon treatment, the tolerant wheat did not
show the structural damage in leaf surface, but the susceptible barley was damaged in the leaf
waxy layer. However, the acifluorfen and bifenox treatment showed no difference between
wheat and barley. The anatomical changes by these compounds treatment were not observed in
the tolerant wheat but epidermal cell and mesophyll cell were highly broken in the susceptible
barley.
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Key words : Protoporphyrinogen oxidase, Herbicide, Oxyfluorfen, Acifluorfen, Bifenox, Oxadia-

zon, Absorption, Leaf anatomy.
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Table 1. I values for wheat and barley cul-
tivars biomass production when tr-
eated with oxyfluorfen?

Species /Cultivars Isp(M)®
Wheat
Chokwang 2.5%1074+3.4
Cheonggemil 1.8X1074+3.9
Tapdongmil 1.9x1074+45
Eunpamil 3.0x107x2.2
Geurumil 1.0X1074%£1.5
Urimil 2.7X1071x2.7
Barley
Saessalbori 1.0X107%+25
Nulssalbori 2.0x1076+1.7
Hinssalbori 9.0x1077+3.2
Moodeungssalbori 1.8x1075+3.7
Chalssalbori 2.3x107%+2.9
Jinyangbori 1.8x1076+3.5

a. The oxyfluorfen was soaked to shoot in darkness
for 2hr and then exposed to light.
b. All values are means standard error.

2 65T By 6F5 & A8k oxyfluor-
fen X H ol 2]F 50% AAAA Fe= ¥ 1
2t = 99 I, 35+ 1.0x1074~3.0%
10*"ME ®Y3, HygE 9.0x107~2.3x10
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otox AP AlxA =2 L4HZA acifluorfen( AF),
bifenox(BF) 2 oxadiazon(OD)< 10-7~107*
M F= 2 ZAe 3 54 X245 BAF ¥
g golR A (28 1).

%, oxyfluorfenol] WAdQl B 744l He
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21 7+e] acifluorfen, bifenox 2 oxadiazonol A
= 22 AES By}, B3] oxyfluorfen 329

Me D3 Bt g & zolE ngon,
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nxhRA o] e Aoz Ags]r)

AR AE T gE2 F(ag 2)dAE ¢
AR Ze] st FARE FEE 2ot aeln
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Shoot fresh weight (% of control)

40 ...............................................................
% , 'Wheat*Barley,
7-6-5-4 -7-6-5-4 -7-6-5-4 -7-6-5-4

Treatment concentration(log M)

1. Change in shoot fresh weight of wheat
and barley at 5 days after foliar treat-
ment by protoporphyrinogen oxidase-
inhibiting herbicides (OF, oxyfluorfen;
AF, acifluorfen; BF, bifenox; OD,
oxadiazon). The herbicides application
were soaked to shoot for 2hr. The dif-
ferent letter are significantly different
using LSD at the 5% level.
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Fig. 2. Change in chlorophyll content of
wheat and barley at 5 days after foliar
treatment by protoporphyrinogen oxi-
dase-inhibiting herbicides. Chlorophyll
content of untreated wheat and barley
were 50+6 and 39+4ug /ml extract,
respectively. The others refered to
Fig. 1.
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& P

Treatment rate(g ai /ha)

Fig. 3. Change in shoot fresh weight of
wheat and barley at 10 days after soil
treatment by protoporphyrinogen oxi-
dase-inhibiting herbicides. The her-
bicides were applied to soil surface at
2 days after seeding.
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Fig. 4. Change in chlorophyll content of
wheat and barley at 10 days after soil
treatment by protoporphyrinogen oxi-
dase-inhibiting herbicides. Chlorophyll
content of untreated wheat and barley
were 182, and 20+3pg /ml extract,
respectively, The others refered to
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Fig. 5. Effect of protoporphyrinogen oxidase-
inhibiting herbicides on electrolyte
leakage from wheat and barley leaf
discs upon exposure to continuous
light at 60zmol /m? /cm at 25T fol-
lowing 20 hr. dark incubation, Values
are differences between treated and
control tissues, Treatment were ap-
plied in assay buffer(1% sucrose,
1mM MES[pH 6.5] at 100.M concen-

tration).
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Fig. 6. Effect of protoporphyrinogen oxidase-
inhibiting herbicides on malondialde-
hyde (MDA) production of wheat and
barley. Analysis was conducted at 24
hr after treatment. The MDA content
of untreated wheat and barley were
62.5+7.2, and 35.6+4.3 nmols /g F.
W., respectively,
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Fig. 7. Absorption of U“C-oxyfluorfen by
shoots after “C-1.M oxyfluorfen ap-
plication. The shoots of treated plants
were placed in acetone plus methanol
(1:1, v/v) for 3 days at room tem-
perature and radioactivity from the
tissues was measured.
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Fig. 8. Scanning electron micrograph of upper surface of wheat and barley at 12 hours after
protoporphyrinogen oxidase-inhibiting herbicides treatment (100.M).
A:Wheat, B:Barley, CON:Control, OF:Oxyfluorfen, AF:Acifluorfen, BF: Bifenox,
OD:Oxadiazon, V:Vein, S:Stomata, < :Injury site, The bar represents 100am.



Fig. 9. Symptom development in transverse sections of cleaved leaf in wheat and barley at 12
hours after protoporphyrinogen oxidase-inhibiting herbicides treatment(100.M ).

A:Wheat,

B:Barley,

CON:Control,

OF :Oxyfluorfen,

AF: Acifluorfen, BF:Bifenox,

OD:Oxadiazon, EP:Epidermal cell, MC:Mesophyl cell, BSC:Bundle sheath cell, The
bar represents 10.m.
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