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BIOLOGICAL AND BIOCHEMICAL STUDIES ON MODE OF ACTION OF
THE HERBICIDE IMAZOSULFURON FOR USE IN RICE PADDY FIELD
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Imazosulfuron, which is a sulfonylurea herbicide synthesized and developed
by Takeda Chemical Industries, Ltd. for uwse in paddy rice, was studied for
biological activity, factors affecting biological activity, selectivity and made of
action.

Imazosulfuron controlled 12 paddy weeds including annual and perennial
broadleaf and sedge weeds on pre- and post-emergence application of 90 g a.i./ha
with sufficient residual activity for 42 days. Bioassay method showed that
relative movement of the herbicide in paddy soil was limited to within 2 cm of
the soil layer under the soil surface. Herbicidal activity was roughly proportional
to the exposure period of between 1 and 7 days with different sensitivity of paddy
weeds. Post-emergence application of the herbicide results in the stable activity
on a paddy weed irrespective of ﬂooding. water depth, temperature, water

leaching, planting depth and tuber size. Water leaching and planting depth
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significantly reduced the herbicidal activity with pre-emergence application.
Water leaching and planting depth with pre-emergence treatment suggest o be
important factors influencing the herbicidal efficacy of imazosulfuron.

Selectivity between paddy weeds and rice plants on imazosulfuron was
investigated. Isp value of Cyperus serotinus (CYPSE), Sagittaria pygmaea
(SAGPY), Scirpus juncoides var. ohwianus (SCPJO) and Echinochloa
oryzicola (ECHQR) was approximately from 500 to 2200 times lower than that
of rice plants treated 7 days after transplanting. This result suggests that-
imazosulfuron has sufficient safety to rice plants (Oryza sativa cv. Nipponbare,
ORYSA) at a dosage of 90 g a.i./ha for practical use.

Absorption site of ‘imazosulfuron in CYPSE and rice plants was estimated by
using three application methods. CYPSE treated with soil application of the
herbicide suffered the most growth suppression, that with soil incorporation
application the next, that with flooding water application the least. On the other
hand, the growth inhibition of rice plants with soil application was similar to that
with soil incorporation application, and both inhibitions were higher than that
with flooding water application. In CYPSE imazosulfuron seems to be mostly
absorbed by root and parily by shoot, while in rice plants by both root and basal
leaf sheaths.

The growth reduction of rice plants, when transplanted at a depth of 2 cm or
more, was rarely indicated by treatment of imazosulfuron irrespective of water
leaching and differences in application timing, flooding water depth and
temperature. Shallowly transplanted rice, however, suffered significant growth

reduction by treatment of imazosulfuron. Transplanting depth seems to be the
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most important factor affecting the phytotoxicity on rice plants by imazosulfuron.
The growth reduction was intensified by water leaching, early application timing
and higher temperature after application when rice plants were transp'lanted
shallowly. These suggest to be also very important factors influencing the
phytotoxicity on the plants by the herbicide in shallowly transplanted depth.

Addition of valine, isoleucine and leucine reversed growth inhibition of rice
plants induced with imazosulfuron. Iso for acetolactate synthase from both
sensitive and tolerant plants was 14 to 58 nM. These results strongly support that
imazosulfuron acts on plant tissue by directly inhibiting the enzyme ALS. Taking
the contrast between lso values for the intact plants and for ALS into
consideration, the selectivity of imazosulfuron does not seefn to be due to the
difference in the enzyme level reaction with ALS. The ALS activity which
chloroplast development of rice plants enhances did not overcome the inhibition
induced by imazosulfuron. The insensitivity of rice plants to imazosulfuron is
probably also not due to the enhancement of ALS activity relative to age and
chloroplast development.

Imazosulfuron inhibited ALS aclivify in the noncompetitive with respect to
pyruvate and uncompetitive with respect to thiamine pyrophosphate (TPP).
Inhibition of ALS activity by the continuous presence of imazosulfuron was time
dependent and biphasic. Therefore, imazosulfuron does not suggest to overlap
with the binding site on ALS where pyruvate or TPP have overlapped but to
inhibit the enzyme activity by binding the complexes of the enzyme, cofactor and
substrate, and to be a slow-binding inhibitor.

Various physiological responses following treatment with imazosulfuron were
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investigated using CYPSE. Imaiosu]furon inhibited the proportion of thymidine
incorporation into DNA within a few hours after treatment and inhibited to 51%
of the control. This inhibition was largely alleviated within 2 hr with exogenously
adding of branched-chain amino acids. The level of soluble protein decreased
with time and concentration of imazosulfuron tfeatmem, while increasing free
amino acid levels weré measured with higher concentration of the herbicide 11
days after treatment of ‘the herbicide. Starvation of valine, isoleucine and leucine
induced by imazosulfuron seem to cause the inhibition of DNA synthesis in a
short period of treatment and lead to protein turnover and an increase in the level
of amino acids in a longer period.

The technology in use of rice herbicide in Japan has been advanced through
the development of new active ingredients, application metﬁods, low application
raie and formulation technology. The rational herbicide use technology will be
more promoted by using information obtained here. These advéhcement will
contribute to the weed control in rice cultivation system fér development of
labor-saving and lower cost technology, and the weed science for environmental

compatibility and assessment in agricultural ecology system.
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