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Different Physiological Activity of Selected Rice Cultivars to
Diphenylether Herbicide, Oxyfluorfen*
[I. Different Anatomical and Ultrastructural Responses
Kuk, Y.L**, J.O. Guh** and J.Y. Pyon***

ABSTRACT

This study was conducted to investigate the anatomical and ultrastructural responses of the
oxyfluorfen-tolerant and -susceptible rice cultivars with barnyardgrass, a typical susceptible weed
by oxyfluorfen and the herbicides having similar mode of action treatment.

After the treatment of 10°M oxyfluorfen, the tolerant rice cultivars no showed the structural
damage of leaf surface, but the susceptible rice cultivars was damaged in the wax and the
susceptible barnyardgrass was even destroyed in the tissue irregularly. Also in the susceptible rice
cultivars and barnyardgrass the thickness of leaf blade was greatly decreased. The anatomical
change was not observed in the tolerant rice cultivars but epidermal cells, mesophyll cells and
bundle sheath cells were badly broken in the susceptible rice cultivars and barnyardgrass and
especially after 24 hours of the treatment the structure of susceptible rice cultivars was completely
disintegrated. The irregularity of chloroplast shape and the distortion of chloroplast envelope were
generally observed and the starch tended to decrease by oxyfluorfen treatment regardless of rice
cultivars. Such a structural damage were appeared more badly in the susceptible rice cultivars and
barnyardgrass than in the tolerant rice cultivars.

By the treatment of diphenyl ether herbicides, the thickness of leaf blade greatly reduced in the
order of oxyfluorfen > acifluorfen > bifenox > oxadiazon, and the susceptible rice cultivars showed
more reduction than the tolerant rice cultivars. Especially, the susceptible rice cultivars showed that

the leaf structure was badly broken down with damage epidermal cells and bundle sheath cells.
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f R A e dEt A A e o)dte] SaE Ay At oy
** ZEREML MELKB(College of Agriculture, Chonnam National University, Kwangju 500-757, Korea)
et ORRE R BEIK8(College of Agriculture, Chungnam National University, Taejon 305-764, Korea)
<1996. 2. 5 H 4>



w =B

AzAle gk o] wbge FA AW
ANE Ml mE F xES TE 54
slo) wiz} Ao]E Hol: H$r} glid),®

@] 742] DPEA
g eeo] 7
KEHE Aol 2o
w3l DPEAIS] R :AE kol 2|7t ethane
ethylene 2+ 3} o] 2 <l&l chlorophyll®] bleach-
B} 10202 e e chloroplast ¥ 2| kR

Az aH o2 AagE i

Bre# s}2dl acifluorfenol]
/9 Bt daE A Ee

wobalam e

ing

24 Wshs

0\_:]1 %_4_ li_J7E<]_J_ all:]_41824)
AnbA o g BT RE#HC old &=
mesophyll2} §-3t&-2 A2 s, FEH#EES]

E# Soll 7105k A0E 8okd & gl

e
nitrofen®] 7%, ethyleneo]

DPEA| £ H}Z¥|
plastid] Aol fslAl 7]ge] B, B
o Attol Zrbsliz Ao wudelct” u

transmission electron microscope(TEM) I+ 2
3, 2ol DPEA BREHE Hd Hg 1=

A envelope, tonoplast '3 plasma membrane]

FF2A &ao]l alojufizd], o] el 2] E)o]
a7t Fesh Ak g e 24 free radi-
calo] A% £AE e @el AuH w3

g A 8] Wl
5E7kA o)Al ®ehir spgict”

Gorske S9.o a)u| 2 gl
Ay g2 64 7bubol] #EE o] A3l 5% po-
tentialo] FFE5}A] Fadon, FILEAS B
BRI 03 WlemiE 2 do FuEr sl
A2 Rastddch Grabowski 5'9& #hiz Fo] af
B e A o) oxyfluorfenel] tigh itk
o] Hgrky Ry shglov), South™i= &

‘L} o 7

i Bpis

oxyfluorfen-&-

HEAREES 53 A RE e WE
el Z4 % oxyfluorfenol] WS Rick

il &hedeh. Hawton S5'"-& §-a), winmE o 7}
ofx| %2 H#ol| C'nitrofend #2|sho] R
#) A¥E A Aw, Aol E¥ wHul g9
Qe -2 M BAEIa, fAleldd

FE MR oFite) A& ¥ A
o8 WS Holi=d, ol Aol B A
=4o) os) 71918 Roletn shedch

Pereira %'.& okal) = Rf&el 4] nitrofendl] tj
s M wES BHT “Hybelle” @fEe 7H
A ¥ o] uvl3] epicuticular HE S Feko] 8-
Mo vigken, oz dlstel #ES ot
BrEgiel mi7b FelahAl o A = o
#E FEHEE Ve ol e Basieiv)

F 5" oxyfluorfenoll &+ we] mesi o
T8 &8kl i = dhfE(Chokoto) B v} s

o gl

1%

H3#al

v fafE(Weldpally)oll 4] FEz il pisE, &3t

SxAxe I
TRl A

#}o] 53], epicuticular waxe] A=A,

. ENMRS & ol U
vtehle g AEe] e
A, T
Z alolo oA = oxyfluorfen®] ®#go] o}
718 4 9l ez wasgdch

Willingham £°-& v}, oj 4 7], Fe] wax
Z4 3} acifluorfen-sodium®] 2% 4 MR
= @A7E elgdrbn 39} Jacqueline Y&
157} EwlE genotypeoll acifluorfen 2] 3 24
A7kel dife) Rikel wax WE, BEEE,
epicuticular wax2] &, #l ¥ cuticle®] F7|3=
it 2t Adate] qlsdovt, EALERE e
= Aatate] Qelrkar gl zEly A ¥
epicuticular wax2} cuticle> v]E FREH SRk
2l 2 Aol Hx|elw RER EEM S

Al 4—6]

2 onr)s ik el Wilkinson®™ &
epicuticular wax®] oF3], A o|7} FREH
it RK el "k skt Cuticleo] 77

el oF2 MR WS Jleba, mt
= OREME Pl F REOZNE cuticded A A
A Wl o] FUaAcky ¥ syl
E]',lg)

upeba] B o= oxyfluorfeno] WAl 2 7}
A W EE 714K S E ZA3Fe] o]l &9
Al Aol E A FERE vFET U A
oA 9 R wheEale)

% whsl7] slskel Sayshact



ME ¥ HE

Al =

RISt U FAXNEEZS oA
vermiculiteoll #+238t3 PAAHFTE 28127, of
7k 20427, BE 798 E m”. S)ellA 104
7+ %u3le] 10°Me] oxyfluorfen, acifluorfen,
bifenox W oxadiazon -S-<8eil 24)7F =] A&
% 22 AAHstedch 1 F EERIE A 20417
moF & 9ot BAd hEfFlA A 6, 12
W 2447 wlokd ¥ H7 ABE ARgskc

1. ZPEMWE R

7 ZAAE A2ge] Fody-91E 8mm Aol
2 Aghslel 1A FAA £-<Y[formalin(37%) :
acetic acid(glacial) : ethyl alcohol(95%) : distilled
1:10 : 7(vW)]ell 4d ot A3 &,
ANEHAL FHP 23] AHT F 30%, 50%,
70%, 90%, 100% 1, 100% [¢] ethyl alcohol
ol Zpzt 1A g Ao, 249 EHR
k& slal paraffin §vHQl xylene& o] &3,
ethyl alcohol®} xylenes 3 :1, 1:1, 1:32] n
g7 7}z 2A7H4 AA & xylene WHOR 44
7F E¢k A AsIck. 1 F xylene?} paraffin
of 1:19] W& EE S Sol WU
2447} Eob AA A7) 3 v}A| paraffin(paraplast)
o] Eo] gl S 52U ZFEA ). Para-
ffin ZE7} B §F Y F o] & paraffin £
& o] BEd el AEAME viE(embed-
ding)A] 7] 37 rotary microtome-§ A}-4-3}o] 8uM
o] =7 & 3lthcross section)d . &FEfo]= 1
2}~ 9]0l egg albumineo.2 sjeidl AL ¥
o] Azg ¥ et AAYRYI) REERS
7 At

et e 05%(W/V) safranin 5843 0.5%
(W/V) fast-green FCF(95% ethanol §-i) 22 #f
Efpsto] BBMEE TAA 100 2 400 wY
g7 Eyol FAZ A3t LMK TR
sk, MMM, MEER CEEMESS W3E
2edsbedet’’

water=2 :

2. EERMFHAMM(SEM)0f| oIt 14K

A" AEA Al2ge] Fo FHE Smm
Aol & AHchste] FulE 25% Glutaraldehydel|
sA 7 mAska 22 FReE AW AY F
30%, 50%, 70%, 90%, 100% 1, 100% e
ethyl alcohol z}z} 14174 gl =3ho] air dry
A7) gold coating ¥ F EXRIRMEK(SEM)
2 500009} 1000 w) &3l A WEHEE S BUE
g E£¥Fe HAFE REHEKS BEERS
2ol shed et

3. ERWFTEMM(TEM)IO AT B

AR AEA A2 T4 FAE shEX
Az7b lmmx10mm ZHolg e F FA
Karnovsky®] 1A ool 6217t Fsb mA A7)
0.05M cacodylate bufferel] 15 %o} 23 A1¥
stol 1% 0s0.% w48ty FHFE 23 A3
stgich. 0] & 0.05% uranyl acetate@ <ilv] <14
3} alcohol 30%, 50%, 70%, 80%, 90%, 95%,
100% 1, 100% MellA 7tz 2087 2¢A 7]
t}2 Spurr’s embedding medium® 2 FEA 7]
51 70°C ovenollA| 847k Z9ol polymerization
A7t} LKB-ultramicrotome 8- A}-8-5to3 diamond
knife2 60~70nm =47} FEZE Agt F 30
mesh copper gridol] *4+8}git}. Mollenhan®]
W og o]lFgaE A v, 80Kve
6,600~26,000 vl 4] chloroplast® F4 o
& MAEHEE BLE TEMo 2 A7sklch™

BR Y EE

1. 9 ®REW:E Bt

Oxyfluorfenol] it 2 4w gl # Hawon
o geEtpo g Alsl W Weldpally 2 &
ZAEke] FREGE@WS ERKE FHoe=
FILMIF 95 A4 A, wEd W
oA FILF w910 wEl @EEHen H
e glglodh, BeEM G e WEC)
Eafo] QR QAR 1), zela @kl
soll 4 Afodlsel B4R wids A
e AEE 4 9ok

_.56_



Plate 1. Scanning electron micrograph of upper sur-
face of plant leaves at 6 hours after oxy-
fluorfen treatment(10°M). A : Control, B :
Treated, 1 : Tolerant, rice Hawon, 2 : Sus-
ceptible, rice Weldpally, 3 : Susceptible,
barnyardgrass, V : Vein, S : Stomata, 4 :
Injury sites, The bar represents 10 gz m.
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Table 1. Change in thickness( g m) of leaf blade of selected rice cultivars at 6, 12 and 24 hours after oxy-
fluorfen treatment(lO'SM).

Species 0 6 12 24 HAT*
Tolerant
Rice
Hawon 14.6(100) 14.0(96)** 13.4(92) 9.7(67)
Hunan 31 20.5(100) 19.4(95) 18.4(90) 14.3(70)
Baru 19.7(100) 18.5(54) 16.5(84) 11.8(60)
Susceptible
Rice
HP857 20.2(100) 15.6(77) 12.5(62) 8.0(67)
HP907 18.2(100) 14.6(80) 12.7(70) 6.4(35)
HP1033 18.1(100) 12.7(70) 11.8(65) 7.3(43)
Weldpally 16.1(100) 11.7(73) 9.9(62) 4.0(25)
Barnyardgrass 14.5(100) 9.6(66) 7.1(49) 2.1(15)
LSD(0.05) )] ® &)

* HAT : Hours after treatment
** Numbers in parentheses indicate the percent of control

Plate 3. Symptom development in transverse sections
of cleaved leaf in rice cultivars at 12 and
24 hours after oxyfluorfen lrealment(lO‘sM),
A : Susceptible, Weldpally B : Tolerant,
Hunan 31, 1 : Control, 2 : 12 hours after
Plate 2. Symptom development in transverse sections treatment, 3 : 24 HAT.
of cleaved leaf in barnyardgrass at 6 hours
after oxyfluorfen treatmel.\t(IO'sM). A : Con- Horl &A% $RE AT} e 23
trol, B : Treated, EP : Epidermal cell, MC : obals] Maluli EALS. 1w A o]olr
Mesophyll cell, BSC : Bundle sheath cell, °f s 2= e ¥+
The bar represents 10 g m. odubd o R REHC o3 I+
Q
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Table 2. Change in thickness( #m) of leaf blade of
selected rice cultivars after diphenyl cthers
and oxadiazon treatment(lO'sM).

__Herbicide 12 24 HAT*
Tolerant
Untreated 34(100) 36(100)
Oxyfluorfen 30( 88) 23( 64)
Acifluorfen 32( 94) 32( 89)
Bifenox 33( 97) 27( 75)
Oxadiazon 33( 97) 33( 92)
———— Susceptible

Untreated 25(100) 25(100)
Oxyfluorfen 18( 72) 10( 40)
Acifluorfen 21( 84) 20( 80)
Bifenox 18( 72) 13( 52)
Oxadiazon 23( 92) 21( 84)
LSD(0.05) ( 10) ( 10)

* HAT : Hours after treatment
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Plate 5. Symptom development in transverse sections
of cleaved leaf of tolerant rice cultivar
(Baru) to oxyfluorfen after diphenyl ethers

and oxadiazon treatment(lO'SM). 1 : Control,
2 . Oxyfluorfen, 3 : Acifluorfen, 4 : Bifenox,
5 : Oxadiazon, A : 12 HAT, B : 24 HAT,
EP : Epidermal cell, MC : Mesophyll cell,
BSC : Bundle sheath cell, The bar repre-
sents 10 gz m.
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Plate 6. Symptom development in transverse sections
of cleaved leaf of susceptible rice cultivar
(Weldpally) to oxyfluorfen after diphenyl
ethers and oxadiazon treatmenl(lO‘sM).
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