s 2(1)13~19(1982)

KJWS 2(1)13~19(1982)

EREH| Metolachlorol| CHE Kige| £iEH RE
F X R-& & @

Physiological Respcnse of Rice to Metolachlor Herbicide

Tai Heui Lee and Kil Ung Kim*

ABSTRACT

The effect of metolachlor {2-chloro-N-(2-ethyl 1-6-methylphenyl)-N-(2-methoxy-1-methylethyl)-acetamide)

on starch, sugar and protein content in relation with a-amylase activity, and its interaction with GA in the

germinating stage of rice were determined. The distinctive phytotoxic symptom was the failure of the primary

leaf of rice to break the coleoptile. An inhibitory effect of metolachlor was nullified by the external applica-

tion of GA 10'3M. A significantly slower starch degradation accompanying the lower content of sugars was

observed in the grain of the metolachlor treated seedlings. Further, the total @-amylase activity was significant-

ly lower in the grain of rice seedlings treated with metolachlor than that of the untreated one, and the lower

total a-amylase activity could be due to an inhibition of a-amylase formation.

* Key words: metolachlor, phytotoxic symptom, primary leaf, total amylase activity.
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B sejvels BEEEES T2 vhga o
g4 BN BEhe fMT B2 Bt RERY
ol & Hfb o] BBl EXRE glck o thel
As BERe EHAR BEs BNz Yot —
ol A0 REMS RO Asty SF4E #H
Bl Get MR ol oA HERRl A2 FIER
o] xjm glchl® olaigt MEE Wiksls Y BE
Bol a0 BREES B BERY BiFe 2% F
BB 7L ool HEMEI0] BR Sol I 23
FHEE st Ystols M2 BRER Bl B
28 EHFESH2 Aok

Metolachler & a-Chlorcacelamide %2 E&H#
pEHazd 2, 245 o 2T 5o HEWKA R
7 ERNAH FRYR dvd 154b.ai/ARAF
upWn o ZukP o) B3} (Cyperus esculentus) 2l B

*REERET BILARE BPHAS BEH

Broll, w-Farel vl ol (Digitana sanguinalis) &l
REHEY 24 Beddn gEs9ch

Metolachlor = EF2] B¥Fol= a4 EEel gl
U B Fe 45 B aEigcta #4559
t}162 ) o} ¥H-2l+ metolachlor BEH BBEIT
B 24~96 BERfel AHA MY KEE »ga'®C—
metolachlor & &2 2 KA S of EE
% 38wkl gos BEY 2 96Kt MR ¥
HEeigiow KBEY TR E£hYo?

Pillai®+ n2lgt 4o o4 ohd Hirol
3 HEE #3tod metolachlor & WHAZ & o B
B3 e9Ee] RO A4 A cd 28 A )
b3 wrol ot AEE FiEgel o & EFol 2450l &
8} oha E@Ast o

a-chloroacetamide % BREM+ EQH S8 H
E312%7 @RS B4 GA, & FHH a-amy-
lase 8l £ o AEYE doivzn &S Udx-d
& o2 Pillai® 7} Chlorella o &z Fo|

* Agronomy Dept., Coll. of Agri., Kyungbook National University, Daegu 635, Korea.

._l3_



metolachlor #Eof o|8) AEE vetil+ A8 B
#3192, Diner” 7t &3 BHS lipid 48! me
tolachlorol o ® HES U2, Mann & “C-
leucine °] EERl9 incorporation & CDAA #HE
o] sj& AEE o, Pillai®E Metolachlor #£
Hol 218 leucined 2°] 2o B AE=z E
BHe A% HELGL 85 9 Yok

Chang® & ARAHHHA HEEHS BRI
A9 GA10* Mol A2l Alachlorol o &
BEE ARY & ddctz #5590, Jaworski
2r GA; 107° Mo EREE £Hsd s CDAAY
HEE mlista] Zedax 853

Metochlor 2] 7kigel A& A8 KE-& EHASS
KEA BREMZ MAY A ZEAEHE 29 X
HXRE BTst dolA BRE #HE3 ™ ¢k

ME U Kk

A ARl #£AY BREME Ciba-GeigyR it 2y
g %@ Ohio MiZAF 53MA Metolachlor 97.2
HE oA Bl 22 HREA =t} o= B
Fe miEse AENYT $R REL BHEDER
Bol4 B0EF HiE, £EQ EB2WE HJY
ol XY @ T% R3S calcium hypochlorite
5% KEMA 1026 HB T o3 o 5ol ks
o 30°Col4 24850 REAZct RAE Whatman
No. 18 83 7 A4 9cm, ¥£°l 2cm2 petri-
dishol 308 XRUL EFE Y= 30C= #5s=
+ FREARNA BT RESdx 28 KB 3
oz T

#%8 1. Metolachlor2t GA, 22 HE(ER

HH SR EF 42%8 HEAded GAS B
EE 107, 107, 10° 9 10°M &2 BREsd 10m!
4 RE% 183 280 &% GA & REste 2E
#% 3 8¢l Metolachlor 10°M 10ml 7 E4sl& o
£ petri dishel &7 A 10 A7=x] &M Metolachlor
& MEstg R, Metolachlor & A AEY EolA
+ % 38090 Metolachlor 10ml MREEst 1
A5 280 WAL Hol E% MEHZ 10ml ol GA
7 5ol YUt THE petri dishol SAA BEE 10
A7tz @M A Y £ FHif BREEANAdw 2X
10°M, 2x10°M ¥ 2x10°Mo GAE® &% 5
ml 4 @l @Est) 1087x T REK%10

o] Hojq BER# HBEE MEsC

% 2. Metolachlor 7t & HFAR BR

W2 AR SlXE ER

R 425 E % 383 Metolachlor 10° M
10ml & MBREEsIY 24, 48 72 I 96Hsf kel AW
Eeol MAEES Wit L L8 Ky
02 B0°Ce ERBoIA 24K S HAZ % MWK
F IV BEFY EE L Aesor, BEE B
EAIZ] % Rekol4 FA o} BER 0.25mmME H
A oA g8 o2 BAK, & Y BRe S
Aot ol W BEHA%KN 4 Metolachlor 10 M o4
t B AP BES E3 vz 2o 10°%M
A BEL E3 Jo =Hel BE AFE 107
Mz st

EAH S82 Kjeldahl HEEo P o4 #EE
B2 ksldn HEXRBoI 5958 84 HESD
oz Jetloh™

B 9 Bl &2 anthrone ™o 2|8 HiFst
Hu e B lgd dit mgoes ERsgn &
+ WY Yol E EMAA perchloric acid(HCIO.)
2 =y STl %2 ERstgch

% 3. Metolachlor?7l a-amylase 2| total

activity A specific activityol 0jXz EW

TRB 429 F SBEE 384 Metolachlor 10 "M%
RIS REG 24 48, 72 o 968 Mgl
o BAEEE K¥std Telo FHRE RET US
B £#& lg & BEE®(NaH.PO., pH 69) 3
ml & BE&3A Ice bathme| fgkel FA4 #ot 10
Cold 10,000rpmo2 1047M B8 3 supe-
rnatent & R 2 £t

a-amylase® total activity= 3, 5-dinitrosa-
licylic acid H:¥oll 218 K3t ug/ml * min 0.2
Erstd ok E specific activity & total activity
o) gtolltt Lowry #'®qll olstod ket EAHY mg
ge2 vy U/mg of proteined HEARINA=
df 9714 Uvw 14 %Al 1umoled maltose &
ARY 4+ v EHHEE JdEd Aotk

R U ER

Metolachlor 2 GA,212 #EMEM X i@
F+ 2 % 28 Ao WEs e HRE B2



vysre s 7o ige] £E2 ®EE v metolachlor
BE 7} wotalel whel B -AKgo] WES E3 4L
2 Esla o2 e ol weld Fgroh ol A
o] X BRAM AEMEIAAY M Aoz JE
Wisdl oled 2+ HIH| BLER-S halogen substitute
benzoic acid'®} TCE -styren'™ %9 4%t Hi
g Ao HEipsch

& dre] KB FRol 4 & gibberellic acid 7} &
@ ot Al 1ug/f 0 ppm)el GA2l B
M+ @ -amylase ® &S 20% 4 B Z 'Y,
Kato'™ £ #$ol A #4583 GAs 7 o™ 4 Bl H 8
o] iEH & BEA A BEslg ol & A=
48RRI 5o GA3 10 M (346 ppm) BE S gEHs
T oK% 36 o] == K Biel Metolachor 107° M&
10 W7k #4 EE S Bl FEHA o3y
117.5 %, 248:M) FEBEES B4+ 1354%%2, =
% 3# 0l Metolachlor 107°M & 24K 5 &
B Bl 1255%, Rk EBENA - 1897%
2 GA, 107 M BEE Fol4d spar &, oia  wE)
WM PRl wle H AR Aol 194 BE (R
#x]o] Metolachlor o HEE FMRst Al b #fRe)
Gk lvhe e 2 MEY rdoR JYerdnh
oje} e MPE e FEE va4 Metolachlor
I GA 9 HERSEER s GA37]- B EEES
Ped fAsz] 2y B a2av BEE 48
FifE) %ot Metolachlor 107" M@ B sl 2 %4
B GAJ107° M-& BB Eol 4t 66%2 Metola-
chlor 10750M BERE2 209%8vie {HEgEEHA
v GA Y g R MR el B Yok (Table 1).

el Metolachlor BREE 488 %ol GA; 107° M
o BEEE A3t c Metalochlord MHIGEE
R A 7] 2] 23ti=, Bl Metolachlor 7} ol=] ikl %%
g JdEb) %ol GAs HEA o5 e Adow
B¥Es of S0l GA; BE7 dold 4= B 107
M, 107°M 2 107°Mell 4+ Aol HES godrch

Chang %72 107°& #Hel@2l Alachlorel 9%
MEE T 5 U, Jaworski'®+ GA107M
o SEEE EHEYE CDAAL] IHE Wik
Ssbodvha WEslA = K Aol A5 kR e
Metolachlor BEEA] GA, SEF S HE 7 Metola-

chlor ol MHE A 4 9l B8 Changol Ala-

chloroll 4 & #Re Mt < 2t Jaworsk 2] &
Hoby et ot
Helol el el

Fela] Aolrt M A

Table 1. Effect of 1076M of metolachior treated
with GAj; on the primary leaf growth under
various treating times?.

Time of Concentration of GA(M) v
treatmentb 102 10-4 10-* 10-°
Untreated —e e 59.3mMm —— e '

control
— -— % of untreated control ——-
~21) 117.5 60.7 53.5 33.2
~1(2) 135.4 84.2 54.6 48.0
0¢3) 189.7 106.0 399 38.3
1¢(4) 125.5 75.3 55.1 53.9
2¢5) 66.0 48.3 40.8 28.8
MA 1076 M alone (3) 29.9% ———— -

3 Each value is the average of three replications
(10 plants
at 10 days after soaking.

b 0 means metolarchlor and GA simultaneously
treated at 3 days after soaking. -1 means GA
treated at 1 day before metolachlor treatment,
metolachlor treated at 3 days after soaking.

1 means GA treated at 1 day after metolachlor -
treatment,

per replication), and determinated

metolachlor treated at 3 days after
soaking.
€ ) indicates days after soaking.

418 Metolachlor €+2] o 2] BEHBI MBS Metola-
chlor EB@EH Y b= 25 £F o {250 U CGA,
o BE o RENEA 98 1 E®e BEE B
ol 4 o) ZhE 8 o} W4 EEHstd o (Table 2).

Metolachlor7t KIBETFAS FFrEHES S8R
ol OjRl= ¥ : Metolachlor BB o3t #—A
Fo| B A E L GAol 284 Metolachlor?)
nHH RN SiREE A2 9 F9 2o} Metolachor
€ 1N REE 2% 53 BES dx g
B ¥Esl o] Metolachlor BRERE S} Mg Flo) 8 &y
2E UHAN BTES HBEG FE  MEEE4
T RE% KHo BAY 4% BrEE aA B
=iz % o u Metolachlor BEE 4 & &lbe) t
o] Zkgtti(Table 3).

Juliano ™+ BHhol 9le BFo &HE B
FESE SR —Hady gEstded olge
FEE2 o Fo] & 0 Metolachlor & otvl s W Ei#
Hel e MHs=) g B

Palmiano™ & w E{of £ &2 98% 7
4 EOHE Bl=le dota st

5
+ 8l Metolachlor
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Table 2. Effect of 1076M of metolachlor treated
with GA3; on the root length under various
treating times?.

Table 4. Effect of 10~M of metolachlor on the
crude protein content of seed during the
germinating stage of rice?.

Time of Concentration of GA(M) b Untreated Treated Difference
treatment®  10-3 _ 10-4 _ 10-5  10-6 DAS® (DAY, () (B) (B—A)
Untreated _————00.mm —— — %o —— —
control % of untreated control — 0 10.45 - -
—2(1)¢ 116.5 110.2 94.6 88.5 3 (0) .72 - -
—1(2) 108.3 102.5 89.4 87.4 4 (§)) 9.54 10.08 0.44
0(3) 82.3 1153 97.5 87.8 5 (2) 9.42 9.5 0.08
1(4) 94.6 107.1 92.6 92.6 [ (€3] 8.53 10.15 1.62
2(5) 90.3 86.6 80.5 77.2 7 (4) 8.40 10.13 1.73
MA 10~6M alone (3) 65.0% LSD(0.05) 1.492

28 Each value is the average of three replications
(10 plants per replication), and determinated at
10 days after soaking.

b 0 means metolchlor and GA simultaneously treated
at 3 days after soaking. —1 means GA treated at 1
day before MA treatment, MA treated at 3 days
after soaking. 1 means GA treated at 1 day after
MA treatment, metolchlor treated at 3 days after
soaking.

c( ) indicates days after soaking.

Table 3. Effect of 10~°M of metolachlor on the
grain weight during the germinating stage

of rice?.
DASD (DAT)C Untreated Treated Difference
(A) (B) (B—A)
— mg/10 graing —————
0] - 233.8 - -
3 (V)] 218.7 - -
4 (1) 198.5 212.2 13.7
S 2) 184.4 199.0 14.6
6 (3) 171.5 198.3 26.8
7 “4) 167.6 197.1 29.5
LSD(0.05) 20.73

4 Each value is the average of three replications.

b DAS : dcoys after soaking.

¢ DAT : days after metolachlor treatment applied
at 3 days after soaking.

AEBE BEEEM EAE S8 #tE wd
Table 42 #27 Metolachlor 107°M BE 183
28 thoellv MBS MREERM H2 51 gide
v 383 48 %ol 5% ko4 FEHo
He ER5 Ak

3y e
Er b

2 FEach value is the average of three replications
(% protein : total Nx5.95)

b DAS : days after soaking.

¢ DAT : days after metolachlor treatment applied

at 3 days after soaking.

% Nitrogen in sample

_ (sample titer-blank titer) x normality of HCI x 14

- sample weight(g) x 1,000

x 100

B8 &8l v+ Metolachlor o] %o o3
A Fig. 13 2o @iel S Bk KA o
i goll mpel Hxt sr8EEl e o9 Metolachlor #EER
v BgEEYC S8 B Abodth BE% 4
HBa SofHEe) mEEMY BRoE8Y 271 & A
& EE#% 3Bl Metolachlor & BEEste] 24 B
M B % BES dord KMoy REA

90
I 0.05(Starch) o
80 T 0.05 (a-amylase) |l §
< =
S &
¥ 70 Starch ) §
g g
3 60} 3
5 ST~ <
5 a-amylase e gy =
& S0 activity ~e 5
P g
40+ «—- Unteated control | §
L v— Metolachlor 107 5M ] 5—
K R |
4 5 6 7 A

Darys after soaking

Fig. 1. Effect of 10~5M of metolachlor on
the starch content and total activity
of a-amylase during the early growth
stage of rice.



1% 30°Ce mEAN A TR @Az | ELR
o FrEdmEel rHE7t 2 A (2% el Metolachlor
o EE ol e s A ME" A
b ERtRich o927 Eprol o Amisl - sl
B ES Fkel Bl 2 EHEE Fig 29 2o
Bl MAERM BEES £ g

71 o} obul

a0t
%ﬁ 30 F I 0.05
E Untreated control
k]
8
§ 20
8 / 5
] / Metolachlor 107 °M
& /
101 /
/’
/
/
o
A i 1 L 1 1
0 3 4 5 6 7

Days after soaking

Fig. 2. Effect of 10~ 3M of metolachlor on the
sugar content in the seed during the
early growth stage of rice.

Metolachlor 7| a-amylase?| total activity
2l gpecific activityo] DIX|= W ET A9
B ¥rel SriRol T2 MGy BEEE @-amylase Q)
8l a-amylase 2} total activity & Fig. 1ol4 2.9
BEG RS SRR EES BREE et gleul
#MEEA A 2EE 4848 thh Y8 5E Sumole
/mlE Boltirk 6H AR Ehiste b &b E

= MEE 2.ol™ Metolachlor g BB oll A £ ¥l S>3t £
ﬂh“ Hoolug Epko]l A Gakrh EEEA A BEH
Bol 3 M¥MSOR a-amylase o) @il Skt
BEGE 7Y R bt HEoRs o}

Murada®™€ o BT/ KSUl % 48035 B
of SrEEb Lz deiuve, e 4 AH Bins
HifE sled 12 HA 7} 7hat wrha dhe fel Rie) 5
Liskad of,

Dunn®
lase 7} -5 %E& scla #E
A RREE e} A EE
vity ol & Arehgk 270 2l o U specific activity
Metolachlor #2E 1} HEBBENA FEQ £ A&
ES 2] efgkc}(Table 5). Metolachlor B+ «a

& BE THEES a-amylase®t S-amy-
e A HEEd

Al a@-amylase?l total acte

Table §. Specific activity change of a-amylas:
in 1075M of metolachlor during the
germinating stage of rice?,

DAS® DAT Untreated Treated Difference

o I (A) (B) (A-B)

U/mg of protemd‘-:"

0 0.61 . -

3 ©) 2.18 - .

4 (¢} 2.21 1.77 0.44

5 2) 2.78 2.61 0.17

6 3) 2.94 2.78 0.16

7 4) 3.55 3.60 --0.05
LSD(0.05) 0.330

2 Each value is the average of three replications.
b DAS : days after soaking.
€ DAT : days after metolachlor treatment applied
at 3 days after soaking.
4 U : One unit is destined as 1 uM of maltose pro-
duction per one minute.

amylase 2] it EIEE 9 ot Aol ol W Kk fE R -2
sk vk EEEEIS ozl e Devlinol ®2lo] 4Ei
Felld GA, 2 HUWH a-amylase @l 4ol a-chlo-
roacetamide %ol B3+ Propanil @ Alachlorel ¢}
3 EAEFHcH: BEL idds F3 o9t

Vibel a -amylase® B, @b U BHo 5
B, GAszol ¢ & Metolachlor & M 51 B2 % S
€ %A 2 o Metolachlor BEol o & #idiy
B o] B B ME - BN Bl
Hel o# 7 B 548 olse] Swol T RS
e Mk SEEEES R A" FEE 214 g
&ol obd sk BKEH S35 o BT2 90%5 akx
33 gl Bl SEEEEA a-amylase®l Aol
oH FESE A Aol ohdrt BRwch el &
HkE A HE o HAMQ BRe KR
el MEMEM S vebd Aoz BREA 4kl #
OB WIS T BRa A g

i) E3

a -chloroactamide % 2| BEH Metolachlor 2 7
Kol &8 o A8 ER dsie odgd B
"lxlE e @ESY KB BRES 2 MAH7 9%
EBRERE 914 & ABE RITstA v dojal
RRE o3 gk

1. Metolachlor 10°Ma} GA: 10 *M e}l kK E
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Bt wmABE v sled 189.7 %, Metolachlorfk B
24 B5R8 A9l GA;107°M BEECA 1354%, 488
MET —E+E 117.5% 2 Metolachlor 107°M ¥ &%
HEo A2 20%0ll 95ty GA; BEEE 3 F1
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+ HEE Udehiged Fed g Mo FHiEol4
ME%E7 2o

2w BTAY 79 FEYHL BR BE0HL 9.
Metolachlor Bl 2)sh 4 87 24 mEislde
o il el BRol4 £NW HEo SEBE EE 10
[Eoll 4 Ach

3. a-amylase® total activity € Metolachlor
AEES BEBEEMY 5% FEYL £7 A=y 1L
o FEE HHo BBY +% £+ At a-amy-
lase 9 specific activity © Rt ol BRIl REE
o} mEEEM FEY £ BEEA] %o} Metola-
chlor & a-amylase 2 4l MAIEELE =lads 12
R 2=
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