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Acetolactate Synthase Activity Inhibition and Herbicidal

Activity of Sulfonylurea and Imidazolinone Herbicides
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ABSTRACT

Acetolactate synthase activity inhibition and herbicidal activities were investigated with 2
sulfonylureas [chlorsulfuron{2-chloro-N-{{(4-methoxy-6-methyl-1,3,5-triazin-2-yl) amino} carboxyl}
benzenesulfonamide}, metsulfuron-methyl{methyl-2{ {{{(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino}
carbonyljamino} sulfonyl}benzoic acid}, and 2 imidazoli- nones [imazethapyr{2-{4,5-dihydro-4-
methyl-4-(1-methyl)-5-oxo0-1H-imidazol-2-y1]-5-ethyl-3-pyridinecarboxylicacid}, imazaquin{2-{4,5-
dihydro-4-methyl-4-(1-methyl)-5-oxo- 1 H-imidazol-2-yl}-3-quinoline carboxylic acid} herbicides. A
broad weeding spectrum was observed with the treated herbicides at low application rates. Both
com(Zea mays L.) and sorghum(Sorghum bicolor Moench) were very sensitive to the two
herbicide groups. Although legumes, such as soybean(Glycine max Merr.), clover(Trifolium repense
L.}, and indian jointvetch(Aeschnomene indica L.) were sensitive to the sulfonylureas, they were
tolerant to the imidazolinones. On the contrary, wheat(Triticum aestivum L.) and barley(Hoderum
sativum Jess.) showed the reverse responses of the legumes to the two herbicide groups.
Quackgrass(Agropyron repens(L.) P. Beauv.), however, was commonly tolerant to the two herbicide
groups. Degrees of crop injury and acetolactate synthase inhibition also varied with the crops
examined. The 50% ‘nhibition concentrations of sulfonylureas on acetolactate synthase in vitro
activity(ICs) from corn, wheat, and soybean did not relate to the greenhouse herbicidal activities
(Glsp). With chlorsulfuron, for example, wheat had more than 100 times higher Glso than corn and
soybean, but the ICsp was 4 to 10 times lower. Similar observation was made with metsulfuron-
methyl. However, closer relationships between ICso and Glso were found with the imidazolinones.
When imazethapyr was applied, the order of Glso values against corn, wheat, and soybean was the

same as that of ICso.
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Fig. 1. Structural formular of herbicides used in this study.

Fe

4

A5 4TA 15000xg2 1587, A%
4ol 4] 20,000xg2 20870 9AIEelste] AbA
0111—% ammonium sulfate(25-50%
A A A thA] 4TelA 20,000xgE 208

saturation) =

Aok AR R Belxl HHE
< 0.1M potassium-phosphate #EZEARK &

A FA REEFEHSE E3}AIZ] Sepha-
dex G-25(1.5x30cm) AYS EFHAHHE%
250mlhr). AP o w HE FH IAT-E R
stel ¥414 24z A4l S 2
4N Iml(xkA ek 3-4mg/ml)e] 0.9mi2)
HF-$-o1(10mM MgCl;, 10mM sodium pyruvate,
0.lmM thiamine pyrophosphate® -8 3j2]71
50mM potassium phosphate 4% 8-o8, pH 7.5)
& A7istz, "2 A acetoneol] £ A7 RRE
B 402 wgolel 0lmd Aeisiel HEE

=7} 107, 10% 107, 10°Me] HE=2 shov).

B2 pyruvate® A WA ShA a2,
302 x4 3087 HEg-A7l & I0N

H;SO. 30414 Hof whg-& FR A7)
Westerfeld'”2] } o]

e} 0
& ok 2ol ads J%—% 2577

eL ot flo

boxylationA] 7] 32 0.5%(w/v)2] creatine £}
0.5mie} 10% NaOHell &7 5% (w/iv)2)
I-naphtol & 05mlE& Y3 &EEo % f}-o—
60°C 2] {ERAKIEA A 1587 By ATt

xHu]..Q_o] iy} 7+ *]EQ%%E% 530nm°i]/H
2 stol 3, Begel B2 22 gz #
J chold mgat
acetoin®] ko g ¥ A3}

A13} standard curveE o] £-3}¢f
Wl A7l A
}

[o3
r(

AR

_56._



Table 1. Scientific, abbreviation, English, and Korean name of weeds and crops used in this study.

Scientific Name Abbreviation Engilish Name Korean Name
Zea May ZEAMX Corn L
Glycine max GLXMX Soybean =
Triticum aestivum TRZAW Wheat =
Sorghum bicolor SORBI Grainsorghun s
Oryza sativa ORYSA Rice B
Lycopersicon esculentum LYPES Tomato EntE
Brassica rapa BRSRA Cabbage Bl 5=
Raphanus sativus RAPSN Radish 9
Brassica oleifera BRSNN Rape A
Hordeum sativum HORSA Barley R
Cucumis sativus CUMSA Cucumber 20]
Digitaria sanguinalis DIGSA Large crabgrass u}efol
Setaria viridis SETVI Green foxtail 7}o} A &
Rumex crispus RUMCR Dock Al Aol
Aeschynomene indica AESIN Indian jointvech AHE
Calystegia japonica CALJA Bindweed o] 3
Solanium nigram SOLNI Blacknightshade 7pup
Arthraxon hispidus ARTHI Jointhead arthraxon FNE
Quamoclit angulata QUAAN Wildmorninglory oY FE2
Echinochloa crus-galili ECHCR Barnyardgrass =7
Eleusine indica ELEIN Goosegrass SJuledo]
Sida spinosa SIDSP Plickly sida Al T}
Lepidum sativum LEPSA Cress ZH A
Abutilon avicenna ABUTH Velvetleaf o] | 7
Datura stramonium DATST Jimsonweed E4E
Bidens tripartita BIDTR Bur-merigold 7hukx}e]
Agropyron smithii AGRRE Quackgrass )
Trifolium repense TRIRE Clover E7E
Panicum dichotomiflorum PANDI Fall oanicum v} 7)) 7] &k
Avena fatua AVEFA Wildoat w7 2
Helianthus annuus HELAN Sunflower sutel7]
Xanthium strumarium ZANST Cocklebur r el
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Table 2. The 50% growth inhibition rates of plants to sulfonylurea and imidazolinone herbicides.

Plant

50% Inhibition rate(g/ha)

- pre and post application

CHL* MET IMP IMQ
Com 4.5 1.0 45 1.7 14 22 55 1.7
Soybean 2.8 <0.1 24 <0.1 522 207 1324 618
Wheat >100 120 >100 >100 4.0 55 1.4 1.9
Sorghum 6.8 10 4.3 5.1 2.5 23 0.7 1.2
Rice 0.6 7.4 i1 39 <0.1 <0.1 0.3 0.4
Tomato 8.8 6.2 0.9 0.8 1.6 1.8 11 12
Cabbage 0.2 0.1 <0.1 <0.1 5.1 14 04 0.7
Raddish 0.9 0.1 0.7 <0.1 1.6 1.5 0.8 1.6
Rape 2 03 <0.1 <0.1 <0.1 17 1.6 11
Barley 128 83 39 31 13 9.5 6.8 1.6
Cucumber 22 15 <0.1 52 1.2 11 1.9 17
Crabgrass 5.6 25 1.0 17 1.6 2.1 04 8.8
Foxtail 25 4.0 13 35 <0.1 2.3 0.2 1.7
Dock <0.4 0.4 <0.1 <0.1 0.4 12 0.6 8.9
Jointvetch 0.4 <0.4 1.4 1.0 23 52 6.7 50
Bindweed 0.2 0.5 0.5 1.0 <01 37 0.1 7.7
Nightshade 8.0 37 1.5 25 5.6 3.0 6.1 6.5
Jointhead <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1
Mominglory <0.1 1.9 <0.1 2.1 0.7 29 0.3 26
Barnyardgrass 0.9 2.7 4.7 2.6 <0.1 04 1.0 0.7
Goosegrass 2.0 34 10 59 0.2 3.6 0.4 0.4
Sida <0.1 0.4 <0.1 0.6 <0.1 <0.1 <0.1 1.4
Cress 3.3 1.7 0.1 0.1 0.7 23 0.4 1.9
Velvetleaf 0.9 1.6 0.2 32 0.3 9.6 1.5 17
Jimsonweed 1.0 0.6 <0.1 <0.1 0.8 0.8 0.2 1.6
Merigold 2.1 2.6 <0.1 03 0.8 22 0.1 17
Quackgrass >400 301 43 44 22 17 17 0.7
Clover 0.9 38 <0.1 39 8.1 455 0.6 322
Panicum 4.8 28 26 23 <0.1 <0.1 <0.1 1.9
Wildoat >400 >400 26 36 L1 5.1 5.8 <0.1
Sunflower <0.1 0.4 <0.1 <0.1 0.8 53 0.8 1.2
Cocklebur 1.2 11 <0.4 <0.4 0.7 <0.1 0.3 0.5

* CHL : Chlorsulfuron,

IMP : Imazethapyr, IMQ :
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Table 3. Sensitivity of the tested plants to sulfonylurea and imidazolinone herbicides.

Plant Sulfonylurea Imidazolinone
Corn, Grain sorghum Sensitive Imidazolinone
Soybean, Clover, Indian jointvetch Sensitive Tolerant
Wheat, Barley Tolerant _Sensitive
Quackgrass Tolerant Tolerant
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Fig. 4. Effects of sulfonylurea and imidazolinone
herbicides on acetolactate synthase in vitro
activity of soybean.
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Table 4. Glso of pot test and in vitro ALS(ICso) of sulfonylurea and imidazolinone herbicides in crops.

.. Pot test(Glsg)* ALS(Iso)**
Herbicide C
P (g/ha) (nM)
Chlorsulfuron Cormn 1.0 285
Wheat 120 28
Soybean <0.1 253
Metsulfuron- Corn 1.7 391
methyl Wheat >100 31
Soybean <0.1 260
Imazethapyr Corn 22 11015
Wheat 5.5 2784
Soybean 207 18840
Imazaquin Corn 1.7 10021
Wheat 1.9 3360
Soybean 618 7876

Glso : Doses of plant growth inhibited by 50%.

ALS(ICs) : Concentrations of acetolactate synthase activity inhibited by 50%.
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