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Studies on the Selectivity of the Herbicide Alachlor
II. A Metabolic Approach to Selectivity

Eul-Chul Hwang* and Chang-Kyu Park**

Abstract

Absorption, translocation, and metabolism of the herbicide alachlor in soybean, Chinese cabbage,
and barnyard grass seedlings were examined and compared with each other using [phenyl-U-“C]
alachlor in search of a primary factor contributing to the selectivity of alachlor.

When root of each seedling was immersed into the solution containing [*“CJalachlor, the
amount of absorbed radioactivity/mg dry matter of seedling which was suggested to be correlated
with the susceptibility of plants to alachlor decreased in the order of soybean >> Chinese cabbage
> barnyard grass and the rate of translocation to shoot was Chinese cabbage > barnyard grass
> soybean. These orders did not consistently explain the selective phytotoxicity of alachlor.
Analyses of extracts by reverse phase chromatography showed that alachlor was detoxified by
conjugation with glutathione in all three plants and the rate of glutathione conjugation of soybean,
the resistant species to alachlor, was the greatest, while that of barnyard grass, the susceptible,
was the lowest among three plants. This result explained well the selective phytotoxicity of
alachlor.

Both absorption and translocation contribute undoubtedly to the selectivity by influencing the
active internal concentration of alachlor. However, neither of them appeared to be a primary
factor. It was concluded that the most important primary factor was the rate of glutathione
conjugation, which detoxifies alachlor and plays an important role in selectivity.

* Folthstul FHist 53}etuH(Department of Agricultural Chemistry, Dong-A Univ., Pusan)
* ok Agoigtn FAAYPAN e FalstaiDepartment of Agricultural Chemistry, Seoul National Univ., Suwon)

209



210 ¥FVAFEIA A13F A23 (1994)

M 2

A EA ) HAP AzAc HEA] FeFgH, A
3atE EA9 Hold ut HAV|F Ee ZFo)
e MEA L dgzes g4 sle 2
FaAEe 3% B Yol g8d & Aok AA
el olgd B T %S oAby IAE 9
& Aupxg, F2 A7HA AR F {5, o),
223 tiAle] g8 L= o7 AREY %
Eagoz HzAe dggo] dEEHE o=
g o 19709 ol ¥, AEA A Ax
Ao A #3, 2§ 713, 28 AEA ] A,
st Sol AT BUAT A7 Yo, AEA
o] AdAo] A3t A8 AAEF M F/E
RE, AEA7E AU =28 AZAE JFHo8
T2 W] AL Aslery MY 5 F
AR Aoz ddgm glok? olHg #EAA
AAES AEAY alachlors] Q& FAHE U+
A=t M2 08 dF WE 2 9 ez 4
AEA FE9 #F glutathioneo] FFT oFs
ASE st T 74 AEAUAA 14 ool A
§=l = glutathione conjugation ¥+-g-9] ©71A] thA}
A8 TLC2A HEsdch =3 A4 99
A7ER) AEA e Ba) HHE)A alachlor’} 484
AR APsEe fAF £ 57} alachlors] A
At 23] dFEY AL ¢l vk Aok ol
A E-& glutathione conjugation ¥+-$-o] alachlor)
TEds vgoz 83 alachlore] Me/de
71998t F8 AL AARIL Qi

£ d7dME AlZA alachlors] Adejgdo] ¥
He F 8208 AEANTY AZRAHA FoldA
7, AHAM AEF 35 AEA O F, wiF
2 ¥& Ao = [phenyl-U-“Clalachlorg o]&3}
o ol Al B A4¥e FYsiAh

ME W gy
1. Alachlor2} CHAMARE S| #HA

A alachlore [phenyl-U-*Clalachlor2 Mon-

santoA}Z X BoFukghsd], 1 wpbARE2 222
mCi/mmolec| R o™ LA £xE 99% ol
o]t} Alachlor EFE& 4AE (P 5221 H
ool AAAR A ALEsI T Alachlorgl 27
AR 2 gz glutathione conjugate®} cys-
teine conjugatet= Leavitt 52|19 wwio] F&o ¢
g3tk

2. WalE =3 alachlore E2} 0/Y

N, W3 2 el 109 {8 M S A alach-
lor &9 100ml(3.93X10°5M, 4.81X10° dpm)o]
A28 3o 48X T4 AAH o2 ¥4 alach-
lorg fHEWZ Froldstzs vt 4 REE
2y FEEE AX 2718 AAsY Y52z28
% o] X-ray E(Konica A 5C, Sakura Co.)ol] —
20°Coll A 2097t =& A}# autoradiography3dltg]th.
Autoradiogram& 4-& Fo) 7z} §BE HHREH
E7IFE2E o] 4z A4 (Packard 306)2
BCO,= A3AIA 1 7}AE 1.0M methanolic ben-
zethonium hydroxide(Sigma B 2156) §jo =z =
3t LSC(Beckman LS-6000)24 ¥ l5S A2
a4

3. Alachlor2| thAlzPd

¥ A alachlor4=-84(3.93X10°°M alachlor, 3.85
X107 dpm)ollct 9% F 1097 Awigt oiF, wiS
% Mg GRE RYFEY 1SS s alach
lorE Ae FrolBs=S Ak 34 %ol
#+2E 7Wo Hoagland JFfeict grlo] 10
Ee AN % FAANSAS AN Bd
FHE TFEEFH FFTE AL T 3g ATt §
=5 ¥7] 22 dFEo o9 Al 15ml £33
A XA 7)o Yo HFe] 80% acetone F§4E
748t wtf AR w9 1027 14 72](4000
X & A59e uehllo]l membrane filter(Mil-
lipore, HVLP, pore size; 0.45um)3 o7A)1Z1 F,
Aa22 FA3] FEAAT FEYT 824
el 50% acetonitrile in 1 mM NHH,PO; &g



AF 7lete ZAES 5 Fo 100yl FAs
3l 94 @yl C-18(uBondapak, 10um)Eg 435t
HPLC(Waters Associates, Delta Prep 3000 solvent
delivery module)Z 4 alachlor @ I tAAE S
2891 298 450871% o) 053 ujch A g
#oll BYFASAT. 2 Y E] AE S LSCE
A &stAct

#r o o

1. Eolgd

Alachlorg 79 Heste] Hag T3 AU
2 ¥, ol¥AL uiF, wiF 2 Ao FEE auto-
radiography3}d cHFig. 1).

52 AL alachloro] 24x)74ol A 48A|17F =3
HojAjol Aol it AdRe] AL AR
ol A = Uct. wiAd wiFe} plo] Aol A% =
AT A7 4o PR oAUk o A
E W3] #ABY Fig. 19 alachlord] &3 HZE9
SRt FoA = 1074 M, S 107°M, g
2 Hol e 107°M alachlor =89 HzjFd A 2}
7+ A% ok E BP9 BEAe A, BB Fig
19 autoradiogramsolX Ho FE Ffo|gile
alachlore] Adg4ol 73z AXNYH RPor} uy
Fo Hrt Qe gl Aolg HHE e i)
Ak

WAbs ol =& AZE2 2 fEY WAl &

Table 1. Distribution of radioactivity in soy-
bean seedling

Exposed Radioactivity (dpm/mg dry wt)

time (hr) Absorption Root Shoot
3 148 459 2
6 332 1,172 3
12 876 2,632 19
24 1,136 3,728 30

48 1,246 4,186 36
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Fig. 1. Autoradiogram of soybean(A), Chi-
nese cabbage(B) and chinese cabbage
seedlings(C). Root of each seedling
was immerged into nutrient solution
contaning ['Clalachlor for 3hr, 6hr,
12hr, 24hr and 48hr.

Table 2. Distribution of radioactivity in Chi-
nese cabbage seedling.

Exposed Radioactivity (dpm/mg dry wt)

time (hr) Absorption Root Shoot
3 78 267 16
6 98 319 26
12 168 463 66
24 186 511 99
48 344 424 319
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Table 3. Distribution of radioactivity in barn-
yard grass seedling.

Exposed Radioactivity (dpm/mg dry wt)

time (hr) Absorption Root Shoot
3 70 149 12
6 159 306 24
12 365 702 47
24 605 1,286 119
48 617 1,095 247
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Fig. 2. HPLC analysis of synthetic gluta-
thione conjugate(a), cysteine conju-
gate(b) and alachlor(c). Operating pa-
rameters of HPLC were as follows:
Stationary phase was reversed-phased
pBondapak C-18, 10u(¢4.6X250mm).
Stepwise programmed solvent system
was 20% acetonitrile in 1lmM NHH,
PO, solution for first 7.0min, 50%
acetonitrile in 1mM NH,H,PO, solu-
tion after 25.0min. Flow rate was 1.0
ml/min. Column was regenerated for
3hr or more at the end of a solvent
programing.
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Fig. 3. HPLC analysis of soybean, Chinese
cabbage and barnyard grass seedlings.
Roots of seedlings were immerged
into nutrient solution containing ["*C]
alachlor for 3hr. Seedlings were trans-
fered to alachlor-free nutrient solution
and harvested 10min and 3hr later.
Operating parameters of HPLC were
described in Fig. 2. Radioactivity of
every 0.5min eluate was assayed by
LSC. Peak . (a) glutathione conjugate,
(b) cysteine conjugate, (c) alachlor.
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Fig. 4. Percent distribution of radioactivity
into alachlor, glutathione conjugate,
and cysteine conjugate in seedlings.
Roots of seedlings were immerged
into nutrient solution containing [*C]
alachlor for 3hr. Seedlings were trans-
fered to alachlor-free nutrient solution
and harvested 10min(A), and 3hr(B)
later.
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