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A Study of Mode of Action of Alachlor

III. Effect of Alachlor on Cell Division, Cell Kinetics, Cell
Elongation, and Cell Differentiation in Oat(Avena sativa L.)

Kwon, S.W,_ and J.C. Kim*

ABSTRACT

There was significant reduction in the mitotic indices of oat roots treated with alachlor. Uniform decrease
in prophase, metaphase, anaphase, and telophase as treatment time increasing was observed. Alachlor did
not disrupt mitosis, but rather inhibited the onset of mitosis.

Labeled dividing cells were significantly inhibited, but the number of labeled interphase cells of all treat-
ment were increased, as compared with control in 8 hr and 12hr period. Labeled dividing cells which entered
mitosis thru G, were inhibited approximately 68% at 8hr after treatment with 1X10~% M of alachlor. Alachlor
apparently inhibited from the G, stage into mitosis of dividing cells.

After 24 hr treatment, 12.1% abd 46.6% inhibition of coleoptile growth occurred at 1X10-* M and 1x 10~*
M, respectively. Cell elongation was inhibited by alachlor but was less sensitive than cell division.

The longitudinal section cells of oat roots treated with 1X10-* M alachlor for 12 hr were observed to be
enlarged central cylinder and also showed degradation of apical meristem zone, as compared with the
untreated roots.
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&% Sl Bikdled AE:ALE EEF %, Van't
Hof #ikel oM KA cH™®. —EHH &
of MRESZ EEY ¥ ¥ 5mm AE FE
3le], ethanol : acetic acid(3:1 v/v)ol EEs
g, BE-L chromosome HiE7l BAx+E= A
€ BHik3sly] #4435l BRI 1RME BEET
#%, HEREEII. REY e KEKE 3
| AK#Ed #, 60°C IN HClelA 15%-%<F fnk
SR8 o}

S RS Schiff's reagentoll 2043
a3 1%, pectinase, pH 4.0 128%R Zi&s}
Aok, 2 % RA Fedoz R RSN
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2. Cell Kinetics

3-5mmAE st A FE BHs, WE
¥ 9cm Petri-dishell = 2732 A=E 23,
alachlor EIBREH CaSO,REES 2x10*M=
3ted, 2H-thymidine(3 xCi/m 1, sp. Act. 5
mCi/mM Buckinghamshire, England. Amer-
sham)-& FEEIHE. = #% A= oA 60
cycle/min® FEisted 3t on, 4, 12, 16,
4RI &% 6EY ¥aE EERE HEG
o HEz #FAIdEd. FEE 2ZE HRe
Canoy RE%E# (glacial acetic acid : ethanol=
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4. HUN Ek2| Wb

3665 & BWHFY A#E alachlor 1X10* M
BEES] ®mEEE=2 slo, 4R 22+27CelA
SRR %, B A 2mm EWHAIH-E REEIE S
HRE M 2.5% paraformaldehyde-glutar-
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Table 1. Effects of exposure times and concentrations of alachlor on mitotic index and distribution of mitotic

stage in oat root tips

Exposure Alarchlor Dividing cells

Distribution of mitotic stages

time conc. (No./1, 000 cells) (No./1, 000 cells)
(hr) (M) Mitotic index % of control Prophase Metaphase Anaphase Telophase

6 0 108a* 100 54a 36a 10ab 8a
1X10-¢ 117a 108 56a 38a 14a 9a

1x10-8 95ab 88 50a 29b 10ab 6a

1x10-* 65b 60 34b 25b 4b 2b

1x10- 30c 28 16¢ 9¢ 3c 2b

12 0 105a 100 5la 32a 12a 10a
1x10-¢ 103a 98 55a 29a 13a 6b

1x10-8 44b 42 27b 11b 3b 3c

1x10™¢ 20c 19 12¢ 5¢ 2b 1c

1X10-® 16d 15 10c 2d 2b 2¢

18 0 96a 100 52a 28a 10a 6a
1X10-* 81b 84 40b 29a 8a 4b

1X10-3 19¢ 20 l1ic 6b 1b 1c

1x10™¢ 16¢ 17 9¢cd 3c 2b 2c

1X10-¢ 12d 13 8d 2c 1b 1c

24 0 104a 100 56a 30a 13a 8a
1X10°¢ 54b 52 35b 10b 4b 5b

1X10-% 6¢c 6 2c 2c 1c lc

1x104 2c 3 1c 1c 0c Oc

1X10-% 3c 3 1c 2c Oc Oc

* Values within a column of each exposure time, followed by the same letters are not significantly different

at the 5% level by Duncan’s muiltiple range test.
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{KiMES alachlor fEAI#iMeE e, d& &
oz Hild, FHe] FEdn U+E+ #HHT
T ghet.

Alachlor?} #ElEGE] vlx= HES 29 6
WERE BEEEEF 1Xx107* M3} 1x107° M Aleled,
12852 18R BEEERFE 1Xx107° M=k 1x10°°
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th, HHTHM S T LMo REH
% ° 2 metaphase arrestBo] Lojiicd, A
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4 LRl EHERIS Mssie] o FoixlA &t
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polyloidy W misshapen nucleic®] HE o=, #F
ol X 4rEle] FikE], chE BEEZ EITHA
2obA FoEA, FE HEE Jehidzn 34y
o}
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Blub= i arrest B (c-pair, M Mk
) AL ettt RUEHKLS A BREAA ¥
okew, Wi, R, HE W &isl B3
W Aoz Hol, MHfclA RS Wol Hik
SR (ME) 2 ETsE A SR A3
BAste Aoz #EHCD. debd RE#SY
arrest stage® #7| $3tod cell kineticsE K

33

2. Cell Kinetics

W RS 3o Ehnet Mg Ehel o
A o] Fol AL, REB= olF H Iy
e AL IHAN ez £Eo| FLEH,
MRS WH MEalN 2E RES Mo
B, ol HET EElM HEs FA H
D}_XS,IG).

HAESE MG, S G SEMME
e, & stagertoh A{bHay K] o2
dolv}u], o}-§ stageR ETSHT] AHH= ®E
RNASH EHHEo] #AMSE H3ch. BRESR

£ Mo Ao dejuve ox 3 K#E
HE piEsted E¥EmY @RaEes BikA7s
o, oM Fxg wool M oAd
Abo]l dofule] Mol MER-S wrowl MSHEC
AR 9 Alachlors} #REis o AdAHgle]
A FBMAKRS HLEHE Aoz Hol oln
el #E-g We e #HEMT. DNASGK
£ Sfell dolvte] DNAGH o+ MiwsRoel
dojutx] gy, ozt DNA RiE#HE °H
-thymidines FIA3st], BRERY EH BHE
#ES =Y feEpRE FAMEY. RETEE
s A 42 SHMRES Sl Eoi7kA @
3, G oA MEiZ #47¥ Milgelct. RArxtk
7l E#E SEMARE Sl FuLEE Rik
3o, G.#iE ZA SHHAE Foi7 Mgt
oyl REHCE G2 FE MEE afddd B
fItHE BT AR FRGAA Jeht
A ekech =3 BRERI G,FE SH =& S¥
H G5 mEd EH ks ks
ol WMESHA otech. REMEnEsb EHE
FH8 HiME-S SHielA ;H-TdRE Wik Gt
o 9+ MiEolch,

E 200M G #il7t SHHE Foisle &L 8
BEfol A 1285 Alele] RE EEMEEC]A w2
A wWAET 2tk ol RS ERBEESE
BEESA chzcok. 168 RER G4 73
M2 #TY FHE o8EBREs 1x10° MAg

Table 2. Composition of cells kind among 1, 000
cells in oat root tips treated with various
concentrations of alachlor for specific
duration of times.

Cell Alachlor Exposure time (hr)
conc.M) 4 8 12 16 24
Labeled 0 42a 57a 45a 50a 52a
dividing 1X10® 43a 18 9% 2b 1b
Cell 1X10* 17b 16b 5b 2b 0Ob
Unlabeled 0 44a 50a 40a 44a 40a
dividing 1xX10-* 472 39%b 31b % 3b
cell 1X10-* 29b 20c 12c 1c 1b
Labeled 0 63b 93b 156b 140b 120ab
interphase  1X107° 60b 124a 222a 247a 143a
cell 1X10"* 7la 100b 93¢ 89¢ 82b

Values within same column followed by the same
letters are not significantly different at the 5% level
by Duncan’s multiple range test.
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1x107* MellA &% 96% #MHIAIZ .o, WM
A %e FRMARE &8 80%, 98% ETE W
#lA7z ot =ik *H-TdRe] @M rua;ta
9 MERRES 1Xx10° M EEEA, 1687 =
= EmsEe BRd 29 & ENHEAS B

ol #4E SEMREL MR, HE"
Hige MRSl Wimsle AL REMIZL Gol

A olw KBRS UEY KREE A4, ¢
B BEEEERF 1x107° ML #lRSH-ET #HHs=
oot HMikES 1X10* M EER: g
SEMEIEIL 60%, MEsEA g SRk
34%°] MHBRARE Ldoz4, EEs SRER
o] s g ARk e, © gl
= R v,

Alachlors] fERIZEe] Gietx Y + AU
© Bf2v JRlsA 4 we SHMEE]
(G,—=M#) alachlorell &84 M=l Y=,
B oRaERES BEE SR RoE et
SHiE AA HEamd MUERES 1x100° M K
Holl A 1687 R £ 2318 s, olAle
G ol Y #kEE ol mitotic cycle® #iT3ld
A SHiE Eo] 7hedl o|= SHiclH DNAS #7
BYWRE BYsd A GiAAE #iTsded. o
31‘4 GolA SRz E#ITES BEToZA,

iEel Hm=le Rez #HEdAd. Van't
Hof“’v_- stress Foll 4 43Rt BAsEE e
““T{" Gl“+ Gzﬂ"“ ;/#—é_ ‘ﬂ"\:qj’— 5}'9\1‘;"
dvsid Az Maikct $21s7 SlEAds
DNA &R (SH) = Ao M) BRE A
A, DNAARK o SR ®BAe = ¥
Beoll A wlEEg 7] wigolcl, #3], G, arrest
point® G.o MEAD FIPEE HEH]7
H3td BAKI RNASHK! #175=d, olwl
G, arrest point= ZHK® RNA A& LLIFT
Qe Aoz #E=giggsss 43 Bendixen®-&-
CGA-82725, DOWCO-453, haloxyfop 52 [
ol Qicha slgivh. AlachlorfE R 168FR
PARo EMIt®E Ei#id SRk EEs
7 %S SRMiRe BMEs A WHsEded, 4
UM AP RASEA PR, B Y K
fﬁ‘i&‘ﬂ?&ﬂ“ 22y ERE3 MyMkEs Hal #
Els Aoz Bol, G,~MMZE 4Tl {=ik=
o A ﬂﬁﬂﬂﬁ‘%&ﬂ sl e Aoz Adzslesm
alachlord] fERIES G2 ER=c).

3. Ml R

oldl o] £Estevive MY HE LR
oy EXRsed, MRMES JEs] A9
+ straight growth test”} 7}% &g Ko
abe{z] Ue}+19. Nitsch®} Nitsch'®¢] Kol o
3ted, e 2o1¥ 3mm LTS SmmH Zet
A 2 HES BEL BRE ® 33 2. 24
BERI%QF 1x107¢ M3 1X10°% M alachlor &®
B EEERC lid, &% 6%9Jr 129%2 29
9 fige] WAE A o)A RG] M
SBq BoF 1x10°° MOHH 45%, 1x107°
ME 94% =2, = MEIRE>l 2o 3, ¥
glol BER o $& &R Bl veiwd
(=8 1.

FRuEHS gEsled Jhd EBUY BE 7
e ¥EF df o RN E dAlsE X
w2ty $RESEY, a-chloroacetamide kol

Table 3. Effect of alachlor on cell elogation from
coleoptile of oats 24 hours after treatment

Coleoptile length (mm)

Alachlor conc. (M) (Mean+standard error)

0 1.16+0.04
1x1077 1.04+0.03
1x10-¢ 1.09+0.10
1x10-® 1.02+0.11
1x10 0.62+0.07
1x10-2 0.09+0.01

120

100r

- [+ Qo
(=3 [=3 <
T

PERCENT OF CONTROL
[
o

<

10°° 107° 107 107

CONENTRATION OF ALACHLOR(M)

Fig. 1. Effects of alachlor on cell division and cell
elongation of oats 24 hours after treat-
ment.

O Cell division
B Cell elongation
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4. IRSEMS R
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Boll 7o ZE7 glo), BRESR &R 72
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ok, R v BRI Aiits dogE
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ol e MEMKES Bl et 2 A
o] Azt weokoz FEsEo gleu, alach-
lor 1x107¢ MZ 148%[ EHEY =t HEMR
Azl THM 4R MifEREo]l ol fHAE 2
Ach. Alachlor EHEE 4o} AfzzE 4
&3 duliirt EEE Hsted R FHoR
EES o] Yebdet.

Calson %22 propachlor® ¥ 2lol| g4
4BETE LIARel %2lo) fhER AL/l e AL
2 HEAEEA e ARkl MAIEcy
t}, Wareings} Phillips'®+= ethylenefi#fg 1R
ol Mo HMOoE £33 4£Eo Hon #
43t ch. AlachlorfgBesol s R A ARERM
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Fig. 2. Medium-longitudinal section of oat root(Xx
200)
A ; Untreated root cells, B : Treated root
cells(1X10-* M alachlor). AP ; Apical
Meristem, CC; Central Cylinder, X . Pri-
mary Xylem, RC . Root Cap, S. Starch
Grain.
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2 wlE Mt P o] BHEs L, #ER
A ERe Al zAo] KEfbEINe, 1]
ALY SR MRS ERBRE AAMH Jebhdo
3 oo, oy ol { e BRERY 1E
ol #edl tathol @3ke, EHel U HEH
o MMl A W =717 EmEAl de A
o2 #EIAC.

Ry s HEtpe £EL A Mg B}
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