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Abstract

Effect of the application time on the persistence of IBP and isoprothiolane in rice ' plant was:
studied in the field and effects of the water depth and soil texture on their persistence were alsor
tested as a pot experiment. When granules were applied to the rice paddy water, two fungicides
were readily absorbed through the root system and rapidly translocated to the upper parts of the
plant. The concentrations of two fungicides in rice plant reached to the maximum within 24 hr-
regardless of the w.pplication time. When applied at the maximum tillering stage, the persistence
pattern of two fungicides in plant showed similar trends; that is, residue levels of twocompounds:
declined rapidly upto 7 days after application but more slowly thereafter. When applied  at the
heading stage, the persistence pattern of IBP in plant was similar to the maximum tillering stage
while isoprothilane was quite different; 3 ppm reached on 3rd days after application was maint-
ained almost constant for further 25 days.

There was no effect of the water depth on the persistence of two compounds in plant and IBP
concentration in plant was also not affected by soil texture. However, isoprothiolane in plant was

higher in sandy loam than in loam and clay loam. Isoprothiolane residues in plant were much
higher than those of IBP.

Introduction

Rice production in Korea has long suffered from
blast disease caused by Pyricularia oryzae. Many
kinds of fungicides are used to control this diszase.
Among them IBP and isoprothiolane are included in

the most important fungicides using for this purpose.

IBP and isoprothiolane have similarities in the sys-
temic nature and in the mode of action; when gran-
ules were applied to the rice paddy water, they were
readily absorbed through the root system and rapidly
translocated to the upper parts of the plantt:® and
strains with higher resistance to I3P also have a

cross resistance to isoprothiolane®. As shown in table
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Table 1. Chemical structure and water solubility of IBP and isoprothiolane
Fungicide Structure Water solubility (ppm) References
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1, water solubility of isoprothiolane is very low as
-compared to that of IBP. Isoprothiolane does not
«contain a phosphorus atom but two fungicides have
ssimilarities in their structures. They have sulfur atom
(s) in common but the sulfur atom in IBP is in thio-
-ester linkage and these in isoprothiolane are in thioet-
‘her linkages. The sulfur atom(s) in two compounds
imight be important for their fungicide activity®.
Because of some advantages that granules reduce
drift, granules are easy to apply with accurate con-
itrol of rate and placement, and they are also safer
‘to applicators”, Korean farmers have used more
.granular products than any other formulations. Weber
.and Weed® reported that pesticide performance was
«different from such soil preperties as organic matter and
itexture. Adsorption decreased the rate of release of
pesticide from soil and thereby decrease their biological
.activity and movement. There are some papers related
ito the uptake .of JBP by the rice plant® and the per-
.sistence of isoprothiolane in rice plant®. Although the
.application time is very important for the effective
-control of .rice blast, neverthless, it seems to be a
dittle report .related to the effects of the application
itime on the persistence of IBP and isoprothiolane.
This paper deals with the effect of the application
‘time of IBP.and isoprothiolane on their persistence in
-rice plant. Effects of water depth and soil texture on
their persistence were also tested in the pot. These
results will give some information for the effective

«control of rice blast.
‘Materials and Methods

Effect of application time
Fungicide application: IBP (0,0-diisopropyl S-ben-

zyl phosphorothiolate) 179 and isoprothiolane(diiso-
propyl 1, 3-dithiolane-2-ylidene malonate) 12% gran-
ules were applied evenly onto paddy water at the
maximum tillering stage (July 14, 1979) and heading
stage (Aug. 16, 1979) of rice plant (var. Milyang #23)
at the rate of 6.8 and 4.8 kg Al/ha for IBP and isop-
rothiolane, respectively.

Soil used in this experiment was sandy loam with
pH 6.2, organic matter content 1.76%, and CEC 11.6
8§ me/100 g soil.

Plant samples for residue analysis were taken 1,
3, 7, 15, and 30 days after the application. All plant
materials were chopped and stored in polyethylene
bags at —20°C in freezer until extraction and anal-
ysis of fungicide residues.

Effect of texture and water depth

A pot experiment was carried out to study the
effects of soil texture and water depth on the pers-
istence of two fungicides in rice plant. A pot of 1/
2000 a contraining 15 kg of each soil with 3 kinds of
soil textures (sandy loam, loam, and clay loam) was
submerged for 24 hr and maintained to 0, 2.5, and
5.0 cm surface water depth during the experimental
period without drainage. The amount reduced by
evaporation was watered occasionally. The soil used
in the experiment had pH 6.2, 4.7, and 5.4 and or
1.47, and 1.95% for
loam, and clay loam, respectively. 3
Milyang #23) were
transplanted to each pot on June 5, 1980. Two gra-
July 5,
10, and 15 to the surface water in each pot at the
rate of 0,34 and 0.24g Al/pot for IBP and isoprot-
hiolane, respectively. All plant samples were taken

ganic matter content 0. 33,
sandy loam,

seedlings of rice plant (var.

nular fungicides were applied on June 30,

on Aug. 5 1980 and prepared for residue analysis.
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Residue analysis

Isoprothiolane residues in plant were analyzed as
described by Hattori and Kanauchi'®, The plant
sample prepared was homogenized with 150 mi of
acetone-benzene mixture (1 :1, V/V). The filtrate
was evaporated to about 5ml at 40°C under vacuum
on a rotary flash evaporator. The concentrate was
partitioned with 40 ml of acetonitrile, 80 ml of hexane,
and 20 ml of saturated NaCl solution. After evaporat-
ing the hexane phases, the concentrate was cleaned up
on a Florisil column (15 mmX34 cm) packed with a
20 g of Florisil (Floridin Co.) deactivated with 22
H,0(W/W). Isoprothiolane residues were eluted with
80 ml of ethylacetate-hexane mixture (1 :4, V/V).

The method of Mcleod et al.’ was adopted for
the analysis of IBP residues in plant. A 30g sample
of chopped rice plant was homogenized with 100 mi
of acetonitrile and 30 ml of H,0 in Waring blender
and filtered under vacuum. After evaporation, the
filtrate was partitioned with 100 ml of hexane and
20 ml of saturated NaCl solution. Repeat with 50 ml of
hexane and combine two organic layers. The hexane
phase was cleaned up on a Florisil column (9 mmX
25 cm).
hexane-petroleum ether mixture (85: 15, V/V).

Residues were percolated with 100 ml of

Gas chromatography

Isoprothiolane was determined on a Tracor Model
550 gas chromatograph equipped with a Ni®® electron
capture detector. A 2 m long and 4 mm ID borosilicate
glass column packed with 6% DC-200 on 80/100 mesh
Chromosorb W was preconditioned at 220°C for 72 hr
prior to use. Gas flow rates in ml/min. were carrier
(N;) 70 and purge (N;) 30. The column oven tem-
perature was maintained at 260°C, and the injection
port at 220°C.

IBP was also analyzed on a Tracor Model 550
gas chromatograph equipped with a flame photometric
A lmlong and 4
mm ID borosilicate glass column packed with 325 OV-
1 on 80/100 mesh Chromosorb W was used. Gas flow

rates in ml/min. were carrier(N.) 70, hydrogen 100,

detector sensitive to phosphorus.

oxygen 25, and air 40. Injector port temperature

was 220°C, detector 190°C, and column oven 190°C.
From the plant fortified with IBP and isoprothiol-

ane, percent recovery was above 90 for two fung-

icides..
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Results and Discussion

Effect of application time

When applied to the rice paddy water at the ma--
ximum tillering stage, IBP and isoprothiolane in plant:
reached to maximum 1 day after treatment(DAT).,
reaéhing 6.2 and 7.6 ppm for isoprothiolane and IBP,.
respectively, and then declined rapidly upto 7 DAT,.
reaching 1. 5-1. 8 ppm but more slowly thereafter(Fig.
1). These results imply that both fungicides were:
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Fig. 1. Changes in concentrations of IBP and

isoprothiolane in rice plant on maxim-.
um tillering stage (July 14, 1979)

readily absorbed via root system and rapidly trans-
located into the plant tissues. Concentrations of iso-
prothiolane were somewhat higher than those of IBP
during the whole experimental period except for 1
DAT. On the other hand, when applied at the heading-
stage, the persistence pattern of IBP was almost
same as the maximum tillering stage while that of
isoprothiolane was quite different; the maximum
concentration of 3.8 ppm reached 1 DAT and then
declined showly upto 5 DAT, reaching about 3 ppm,
thereafter maintained almost constant level until 30
DAT (Fig. 2). This phenomenon means that the pe-.
rsistence of IBP in plant was not related to the
growth stage of the plant but in case of isoprothio-
lane, the concertrations in plant were higher in later
growth stage (heading stage) than in earlier stage
(maximum tillering stage).
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TFig. 2. Changes in concentrations of IBP and

isoprothiolare in rice plant on heading
stage (August 16, 1979)

The terms required to reach the maximum conce-
‘ntration in plant (1 day) in this experiment were
‘much shorter than previous data; 5~7 days®, 14
‘days®, and 28 days?® for isoprothiolane and 10
days®® and 15 days¥’ for IBP.

Yamamoto et al.®® also reported that IBP in leaf
‘blade reached to a maximum within 24 hr in the app
lication at the tillering stage but 10 days were needed
for the maximum in the application at the heading
stage. One of the reasons for such different terms
might be due to the different soil texture. Soil ado-
'pted in this experiment was sandy loam with 1.76%
<of organic matter while soils used in previous studies
were volcanic ash soils with high content of organic
‘matter and different clay mineral constituent, conse-
-quently pesticides might be tightly adsorpted and
released slowly.

The persistences of two fungicides applied at the
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‘Fig. 3. Persistence of IBP and isoprothiolane in

rice plant on milking stage(September
11, 1880)
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milking stage are shown in Fig. 3. This experiment
was undertaken to confirm the effect of the applica-
tion at the later growth stage on the persistence of
IBP and isoprothiolane. The persistence patterns of
two fungicides were almost the same as the results
obtained at the heading stage. To determine more
accurately the term required to reach the maximum
coﬁcentrations in plant, samples were taken 6, 12,
and 24 hr after the application. The terms required
to reach a maximum concentration' were the same;
24 hr, reaching 5.1 and 6.3 ppm for isoprothiolane
and IBP,
absorbed more rapidly by the root system than IBP
within 24 hr.

For the effective control of the rice blast, it may

respectively. However, isoprothiolane was

be very important to know the relationship between
the time of outbreak of blast disease and the most
appropriate application time related to the soil prop-
erties. Tsumura® reported that the presence of iso-
prothiolane at 2 ppm in leaf blades was sufficient to
protect rice plants from the blast, and Yoshinaga et
al. @ reported the concentration of 3~5 ppm of IBP in
leaves was able to give the good controlling effect.
From these points of view, if two fungicides be app-
lied 'to the rice field of this experiment within 1 day
before the initial outbereak of blast, the effective
control of blast may be possible. Even if the whole
plant sample except for roots was used for the resi-
due analysis, based on 2 ppm pf concentration neces-
sary for giving good controlling effect from rice blast,
fungicidal activity of isoprothiolane will be 7 and 30
days for the application at the maximum tillering
stage and the heading stage, respectively.

The previous studies related to the effect of appli-
cation time on the persistence of IBP are different
from the reseacher. Yamamoto et al. ¢ reported that
uptake of IBP by the rice plant was different with
the growth stages of the plant, and the rate of uptake
was rapid in early growth stage. They described the
reason might be attributed to the fact that growth
rate and uptake of nutrients in plant declined in the
latter application due to the maturing stage of rice
plant, consequently uptake of IBP was decreased.
However, Nene and Thapliyal'® reported that if ap
plied at the tillering stage, decomposition of IBP in
leaves starts in a very short time. While in case of
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pre-ear sprouting stage, concentration of IBP in leaves
Teaches maximum after 10 days and starts to decrease
20 days after application.

On the other hand, persistence of isoprothiolane
applied at the heading stage was similar to the report
by Kanauchi®®, He reported that the older the plant,
the lesser the decrease, and the reason might be due
to the dilution of the chemical by the increased we-
ight of rice plant rather than the decrease by the
degradation of the compound.

Effect of water depth and soil texture

The effect of water depth and soil texture on the
persistence of two systemic fungicides in rice plant
was conducted as a pot experiment. The results are
shown in Fig. 4. Although the chemicals applied at
early stage of rice plant (tillering), the concentrations

of isoprothiolane in plant were considerably high re-

f water | Soi Fungicides in rice plant
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* Days after treatment
depth(cm} jtexture 70 % S =
SL
0 L — )
L m = — =
SL a3 % T, T —8 ")
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Fig. 4. Effect of water depth and soil texture

on the persistence of IBP (W) and isc-
prothiolane ([

SL: Sandy loam, L: Loam, and CL: Clay
loam

gardless of the treatments. This trend was similar
to the result obtained at the heading stage in the
field trial. This reason might be attributed to the
abnormal climate conditions during this experiment
(1980); since air temperature was 2~3°C lower than
the average year, thereby the degradation rate of
isoprothiolane might be reduced.

The concentrations of isoprothiolane were the high-
est levels in the plant grown in the sandy loam soil
regardless of the water depth and a little higher in
loam soil than in clay loam soil. This phenomenon
might be attributed to the adsorption of isoprothiol
ane by orgnic matter. Since drainage was excepted

in this experiment, adsorption might be a principal
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factor affecting the absorption of isoprothiolahe by the

‘rice plant and translocation to the upper parts of the

plant. The content of organic matter and clay in soils
used in the experiment followed the order of clay
loam ) loam ) sandy loam.

There was little effect of the water depth on the
persistences of two fungicides in rice plant but conc-
entration of isoprothiolane in plant was a little higher
in the 2.5cm water depth of the sandy loarh soil. In
case of IBP, its concentrations in plant weré very
low since then 20 days after the application regard-

less of the treatments.
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