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Anatomical Difference Between Two Rice Cultivars
Selected to Oxyfluorfen

Cheon* §. U,, J. 0. Guh*, Y.M.Lee* and D.J.Lee*

ABSTRACT

The second leaves from 30 days old seedlings of two rice cultivars which were selected as tolerant (cv.
Chokoto) and susceptible (cv. Weld pally) cultivar were soaked in the concentration of 107%, 107% 107*
and 107°M of oxyfluorfen for 10, 15 and 22hrs and anatomical characteristics were abserved. Dipping to
the solutions were carried out either directly to the attached leaves or to the seperated leaves.
Development of any symptoms in epidermis, bundle sheath, mesophyll cells and bulliform cells were
microscopically inspected. Both cultivars showed reductionin leaf thickness, but the susceptible ones was
more sensitive than the tolerant. The degradation and disappearance of epidermal cell layer, breakage of
bundle sheath cells, shrinkage of mesophyll cells and disappearance of bulliform cells were general
response as affected by oxyfluorfen treatment,

The susceptible cultivars showed such responses at the concentration of 10-°M for 10 hrs while tolerant
ones 107°M, for 10 hrs. Those treatments were more effective in seperated leaves than in attached ones.
The epicuticular wax layer of leaves treated as above for 20 hrs was inspected by SEM. Weld pally, the
susceptible cultivar (Weld pally) showed rapid cleavage of wax layer under 10~°M concentration while the

tolerant (Chokoto) showed only minor damage on wax layer at the concentration of 10-*M.
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Ze - XEREBMRE RERBREMO 2. JIH
=+ oxyfluorfen ] RiBHe A3 WESL olgdo}
vem glov RS FRE =84 Jem gl
= Wi o]}

Barel HRe 9= Mipl 2 1 KMol T
E|E302 sof glon uigFel osta] Eoke
epicuticular wax 7} o™ alFel= cutin 22
Baislel  slom geh? R RiEo waxe
BEWHES EEEo] =v 1 HE #HEpHEA
& wax BE (LA 71, oldl BREM 3 M
o BREML REY wax FEI BEL MR A
o Mipel Tl BREM M =l elalel
Z REe wax & EEY SFEM BAFES alk-
ane ¢ Rl B2 wax AT 5 BEH RF7 T
galAl slch ol BREMS REM il &
" wax SE39 MEs S BEI)LED

R BREME JdeA diphenyl-ether %2 1k
A1) oxyfluorfen-& AdlH o2 HpRIBHe] ¢
= Aoz MAHT ok 28V e REEo
wax 7} ZtE alkane #ERel el @] 2] gt pe-
roxidation F2E 7} 2e}Ax, o8 AF=2 FHaHE
ols REEZRE R & d+ ez 3T HR
Zb sl glel & WREe o B8 sFEEl oxyfl-
vorfen o Mt -2 MBS 39 HFE &
£ REHRS o5 BiFEH By T MiEY
FEHES v 2T ENY A4 BHEEEle] o
AL walr] sl &fTE Aolrh

% Kk
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AT+ 1987 EE o BEG A2 A JAdstdo
BEEET % 30°C EES #FAL ® = +
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1. XMWY X

mER 308 =1 P F2HL UM REso
105M, 1075 M, 10+ M, 10-3M¢2] #| &4 % &
RE FH#o 40ml 4 HAz HREN Hz2 o
€ BHEA7IZ 45KLux ®£TF, 28°CY 8Ll
A1 108, 15RR Eok A gk olok AT
sto] ohE kel shisd 48 Ulislx %n o f
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vbg sl g e FAow KAEAE R
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Treatment
i
Subdividing plant materials : Cut into 8mm long
i
Fixing of Tissue : For 12hrs in FAA solution
!
Dehydration for embedding : Ethyl alcohol series
!
Clearing : In xylene
1
Infiltration and embedding in paraffin wax : for 5 days
Sectioning : 10#m in thickness with rotary microtome
1
Staining paraffin sections : Double—contrast stain
!

Affixing paraffin sections to the slides
l
Survey and photographing : Magnification x400

Fig. 1. Preparation process of permanent slide.

B Hy 4 BAEAKE EEY F 8mm A
ol2 7 GIEiste) EEM FAA solution[ Forma-
1in(37 %) : Acetic acid(glacial) : Ethyl alco-
hal(95 %) : Distilled water=2:1: 10: 7Jol 12
B St BEdt F BEdd it < A=y
THRFA 28 BT F 30%, 50%, 70%, 90
%, 100% 1, 100% U< Ethyl alcohol o =zrzt
1EEfl Y BAE shalon e FU(E 9 p-
araffin &H <l xylene & o]-&sl ethyl alcohol
3} xylene® 3:1, 1:1, 1:39 Wxz 7tz 2
BfElY BEE® xylenewt o2 48% Sq ERR%
k. 2 F xylened} paraffin® 1:19 K
F2 Nk B Lo BUKS 2447 o B
#%A713 4] paraffin(paraplast, melting point
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56°C)ute] v BHS 597 BEAIZL pare-
ffin B%&7F 2 ¥ ¥l ol € paraffin®BH L
Zo] BEell Hof MPME 12 (embedding) A1 A
Z3% % rotary microtome ¥ A}€3lo 10 pM 9
S 2 H5MF ( cross section)¥ ¥ $ulol= azta
ol egg albumine 02 sjeid Y& B #ik
& #% sleldl BRERARY ReERE AHc oW
Hufr e 1% safranin 0(50% Ethanol o %31
Aoz FEY cuticle L, 1% Fast green F-
CF(95% Ethanole]l ¥ RA)& WHMRE 2
7 RS (double-contrast stain) 3tk 1P 4%
B2 400 Y ABEHMEATAA BEI, £
7 MEREMISIE ¥H5e] T E sl REM
M, SERE, EAMR, TR BEake Wi
£ Aty BHI EER AEARS B
ol f K% slidetf#izl ¢ 3 XHo2 Y3
o

2. EERFHMEY HR

HBERES U HHE BEE AA 4L 20
BER fell 8 mm ZolT UM AT # EEW &
ol 128F[ Bitsly AEAk=E 30 &ML L
30%, 50%, 7T0%, 90%, 100% 1, 100% 0,
100 % M2 Ethanol & 1BR/4 EKSE 2 Byfs
%9t Air dry A|7] # vacuum pumping 3le 10
M ion sputter 2 Gold coatingdte EEEFE
HPE(SEM) Tl 4 500, 1,000, 1,500f5%= m
#-BEslgdan o] o WEEE2 15kv gdoH
B#e HER EMge] @ HAI Rl gl
8- thikslgla o] of FIHEML 15kv om @M
L HEE Fko| W Ao REF] Uv B
o wax i RE(LZE)L KEHN, AEHEZ 3]
Ak o #EEe oy 29 W

Fixation : FAA Solution for 12hrs
[
Washing : 3 times by dist. H,0
1)
Dehydration : 309%-50%—60%-70%-+80%—90%—100%

[ =100% 11 —100%Ill Ethanol, for 60min., respectively,

i

Drying . Air dry, for 2hrs,
!

Coating : Gold coating (After vaccum pumping) for 10min.
!

Survey : Photographing

Fig. 2. Sample preparation process for SEM study
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R, BBHLE S 7 WA EH T WML
A4 B 4 gl oxyfluorfen MEEE Mo o=}
BN BEE 9 BUREd4 2% T4 w3} T
e, REMY ZAx BESE  WHERE
Chokoto £ EH Al el A BRELERRE
Weld pally 35} o 9tulélA] Jelygeh Weld pa-
ly+ 10°M 743 24| EH 4 Mrt
AstAl deltes MEMmme =el 2 BEEd
8lgith, Chokoto @i-& 10-2 Mo} ZEmmeE 77|
= ujaay Agaist FA RORES 231 H(Table
1, Figure 3, Plate 1). ¥EHY Fr Bt &
Bi#fRael M7t ohiel MRS Tl WiLE E
B dl TRBES <& EaARS] RoME Bt
59,30 o] MMUMAE? 7 HERMERSY Fosda 2
e oM, 2ely EaMEaRe &4 BES
ol BERE &RE 2ot =3 o REMS miE
ERE Saka¥ T W|E Fo] MMM M
Kol #EHs A R A9d 5 A+
g&os @BEn WRE LA(Plate 2), oxyfluorfen
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Fig. 3. Thickness change in rice leaf by oxyfluor-

fen concentrations at 10 hrs after treat-

ment,
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Plate 1. Symptom development with concentration in transverse sections of cleaved leaf blades 10 hrs
after treatment. 1-5: Weld pally, 6-10: Chokoto, CH : check, BSC : bundle sheath cell, EP:
epidermal cell, MC : mesophyll cell, BC : bulliform cell, =+ :leaf thickness, < :injury sites,
bar=10 xm.
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Table 1. Thickness of leaf blade after soaking subdivided plant leaf in oxyfluorfen solution for 10hrs.

‘Oxyfluorfen concentration (M)

Rice cultivar

0 10°¢ 10 10~ 107
Weld pally 39.9*(100)** 30.3(76.1) 19.3(48.2) 20.2(50.6) 17.9(44.9)
Chokoto 60.6 (100) 52.7(87.0) 46.8(77.1) 35.8(58.9) 33.0(54.5)

* . Thickness of leaf blade (xm), **: % of control

RE 10*MoA: T Rl ERE AY By
T g5ler, 105M4 MEEA4 Weld pally] £
RS ST KIRIRC) BESY) Aasiges
BB 1073Mold o Ag MES WHikol A,
B EEAAE BET &+ At ¢ wERE
Chokoto& 107 M BEEAKEAAE S 2P
= 108 M BEANA EAMEY TA Bl B
Wt BEREHAKC] lgow $TRAMB T
el Sl AL wAY 4 9k 1l FYE B
B4 #ER BB By BE: RF
Bhgel =ebd QA Y F KM 2271 B
#wakdsk 10 M BEK#EAA gERMEEY
EiRel v REMEY B-Bie BKY & Y
e

BRIoZ 1085/ Foke] VMRS g g
#R, Chokoto7} 104 M7=x] iHE Mol AL
EHS )T Sl: My MRS BEME KE
Ml oxyfluorfen<] WM RigEA 4 &K2H
Weld pally Bet ol el $ich= Mol 2ds<k =%
FEMEL oY epicuticular WY wax 4@ =
2} fifEe] DelAlvhs HE zsch & South®
© EEBETRUMS 8 FEERY WHEEN
o] FF oxyfluorfend] H#HL Rol: Aoz
BET AB) QA4 £ BESY —BiEL sH5e
Zolel Bascl webd §# Chokotod] A$ =
HMPpEW) 71x3 2l epicuticular MY wax &
st EEMmZY BESL Faslez 1078 M7
2 A E fittES Belels 225l Noda 2%
BREM S My BAY it REEKE
o SISl K BEH MANT #BEd w
Ao, BREMS TEEMAE RE MEZE MR

B A hckn FR o Aok L BE
BFS 15BRMC R 4 BEM Rl BRI &
R 1065 Fob EAR Axcl BHEEES B
sglom REMAALE AT RS BRT 5+ 3
9=

BsztEel Weld pally = 10°8MdlA X A3 &
Bugel 3x24E, 2eln 48R @REo -«
2 AE wET + Agek dbd #4E8 Chokoto
= 2BE K¥d4q EEREF- Hoeor HY A
el Fae{Fe] 107 M4 MEelA ksl
Eho Emes A% S ML AL o] WER
o] 9l epicuticular@9] BB E At} (Table 2
Plate 2, Figure 4).
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Fig. 4. Thickness change in rice leaf by oxyfluor-
fen concentration at 15 hrs after treat-
ment

Table 2. Thickness of leaf blade after soaking of subdivided plant leaf in oxyfluorfen solution for 15hrs.

Oxyfluorfen concentration(M)

Rice cultivar

0 10°° 107° 107 10°°
Weld pally 39.9*(100) ** 23.8(59.6) 20.2(50.4) 20.2(50.4) 13.8(34.6)
Chokoto 60.6 (100) 42.2(69.5) 34.9(57.6) 38.5(63.6) 36.7(60.0)

* . Thickness of leaf blade( #m), **: % of control
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Plate 2. Symptom development with concentration in transverse sections of cleaved leaf blades 15 hrs
after treatment. 1-5: Weld pally, 6-10 : Chokoto, CH : check, BSC: bundle sheath cell, EP:
epidermal cell; MC : mesophyll cell, BC : bulliform cell, = :leaf thickness, < :injury sites,
bar=10 zm,
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Tsd MBS dv AWK S #HBE =
=W 10-5MalA 5 Weld pally & &> A3
sha, 10¢M, 10°3Me BREAE RERE
WlE BE REERe] E 2 HEAXE Ak
AT 158 oxyfluorfen BEEEE 10 Bfifloll ¢lsl
o MER, RE £ mE=dR

oo B mE Ao 2A MipMe] -2 UK
g2 gm Ay Yakd FE—HEAFA4 108M, 15
B, 22BERR Sokel 2 1075M3l 1073 Mol
B &R, 9% UMistd AEY Axd: EER
Byl vlay AHgled 99 T Wee AR
BER Y RERY =5 #AFE 4 Ut (Plate
3), ol YMsle el REY AL HEH M
BREEE T4 W=l # RER HKEo)
Lol3lr] o ol WEEEZ AU Ao ¥
o}, wbEsl @ M 5 BRMIR SRS
At epicuticular o2 EREE AP HE
= oolxot HH& Aolch v MESR, &EH
2 EHY FA BV FHE Aoz ol KfEH
9] oxyfluorfen FEMIEHEe] ol dt MHERE RE
B0 EMR S g8 Redon ek +
214 Hull® 3ol 9sld &Em #HES BES<
wHEe Awold, BEWHES waxB& BWE 4|77
o] Fol| BEM 3 EHRIHLE RE waxd] B
I Bk Ak Fek =g Norris?® &
lar B%#-2> cuticle AR cutin3z $HES
HEie) &R MR Ao magcr =ely 9
< MWist=| %o BEE AL oxyfluorfene] &
MRS A MHBAMES)  epicuticular WEHES B
Fsle BE/ pas BEEE JehA 2 A
o]zt 4t2scl Weld pallyd AS$, 105M
olo] EmEH 158S-e REMRS HNAEo) 1R
BEg o Mk TAE Wsldch W pEaE
Chokoto & Aoz ke EFL A g

cuticu-

U sl el B XEH T B REH
ot

wel4 48 UMk ¢z o AME WY B
o Wit W47 SR REM Y WEMS ERE
AE G Weld pally ol4 E&E5} o Agledd o]
= HHY Tl WlH BEL 5 = (Table3,
Figure 5),

g ERe) A+ WEFREMAR SRR G2
mye] W2 5 M MER KE FR AL,
Weld pally £ 10E¢f1 -8 Chokoto+ 15 & &
of MEEel AN A MHARY BEBE B
£ 5 Qg T REML Ry EHNA R
Aulslgod Ao BB ¥ &AM ERc
An)slgd e Chokotor} HHE - EHIMLE U5 it
e et glich

wel 4 MG W BR, &/eTH R
Weld pally ¢ iiffs M) Chokoto®l AS, #
Eay MEe SAHq AL EAMRS KMo ol
T 48 ®ye T WY RS AR M
fafE o] epicuticular WCZ W3 37| of Fo] M
B wax e SBol =2l #EME oxyfluorfen
BEMe BERSSEE 2= old Hul

g 1007 100r ~=:Chokoto
§ 9ok 90l =0~ Weld pally
s 1 :Standard error
o 80F 80+ 3
£
% 70F 70b \
% 60 o : Chokoto 601 |
E 50L-0- 1 Weld pally 50
0 10 15 2 0 10 15 22

Treatment duration (hrs)
Fig. 5. Thickness change of leaf blade with time

in two rice cultivars treated with
oxyfluorfen solution(left : 107,  right :
107%).

Table 3. Thickness changes of leaf blade with time after soaking in oxyfluorfen solution(107°M, 107*M).

Oxyfluorfen concentration (M)

Treatment duration Cultivar
(hours) 0 107 1073
10 Weld pally 39.9*(100)** 29.8(74.8) 22.9(57.6)
Chokoto 60.6 (100) 44.9(74.5) 34.9(61.0)
15 Weld pally. 39.9 (100) 23.9(57.8) 20.2(50.5)
Chokoto 60.6 (100) 40.4(60.8) 35.3(58.3)
22 Weld pally 39.9 (100) 21.1(52.9) 22.0(58.7)
Chokoto 60.6 (100) 34.0(57.7) 30.3(49.9)

* . Thickness of blade( zm), **: 9% of control.
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Plate 3. Transverse sections showing cellular organization of uncleaved leaf blades 10 hrs(1,4), 15 hrs(2,

5), 22 hrs(3,6) after treatment(oxyfluorfen 107*M). 1-3: Weld pally, 4-6 : Chokoto,
MC : mesophyll cell,

bundle sheath cell, EP : epidermal cell,
thickness, The bar represents 10 gm,

o] gxg sl A o)t} 39,25, 20,36 o) 2 %1_94
MET Ju o gEno REMER 2Usw 3
#molw Bol 3T RMLARMRe]l #th: 53
of AW REM BER BE 25 ol
A "ol sl T @THol Ao @
S

sheh,

rlo

2. EXERFRNHIEN HR

T ffEe] £ 2# S oxyfluorfen Bl 2085
BETE el RIS 3 MED BR, T2
kol wel \amidol MES, REN ERE A
Reve s BEY 5 A =H(Table 4),

5 e o HEMEm LA #RY A3 5
Adql Wk METHRERT DmHBIMHE o 3l
o FAMES) = FToelA #ES doige
W Qo LEREEGEm ERE F4oz dld R
AagaSIo] v EMALE B -MET KR, Oxyil-
uorfen 1075 M2] MpEdl 4 RR32H Weld pally

BSC :

BC : bulliform cell, =4 : leaf

Table 4. Visible injury with concentration in two
rice cultivars treated with
concentrations of oxyfluorfen,

various

, . Oxyfluorfen concentration(M)
Rice cultivar

0 107 107 107 107°
Weld pally 0* 2 3 5 5
Chokoto 0 1 1 2 3

* . Untreated control, there is no injury.

MR BE BEE 5 Az, RAFIAL
o ME FEHES L ddew BES BhYT
F 2 BE~ A Jeiytsh gk itE Choko-
tos 10 M7A S fHES Bolwdd] 1073 Mei 4
oFzke] fEfEo] A ol B of, KEM ¥ £E
BEMS E£: 93519 (Plate 4,5),

o] 5ol oiEl EEEA, RRERH REM T
SEM #Hazel ofstd, LmE#EY 282 £ 5
ded, BE #® REAAY BREH HHES epicu-
ticular M wax 9 B, HY £Rq Kasles 2
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Plate 5. Scanning electron micrographs of the upper surface of rice leaves 20 hrs after treatment, 7-8:

Weld pally, 9-10 : Chokoto, CH : check, V :veiv, S:stomata, < :injury sites, bars=10 um,
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trophenoxy)-4=- ( trifluoromethyl) benzene el
gl e P RSHo T RS  ARBAE
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Plate 4. Scanning electron micrographs of the upper surface of rice leaves 20 hrs after treatment. 1-3:
Weld pally, 4-6 : Chokoto, CH : check, V : vein, S:stomata, < :injury sites, bars=10 gm.
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