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Introduction

Since Schrader and Kiikenthal first found the
systemic action of organophosphorus insecticides
in 1935, many experiments have been made on
absorption, translocation and metabolism in plants
with various application methods. At present,
systemic insecticides occupy a very important
position in pest control for agricultural crops.

It was proved by David (1952),” Iyatomi and
Saito (1967)” and Harris (1967-) ® that insecticidal
effect of the applied chemicals were influenced

* Present Address: Aburahi Laboratories, Shionogi
& Co., Shiga Prefecture.
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by the type of soil. Further, Ching ef al. (1961),»
Bennett (1949)1 and Wedding et al. (1952)'® and
Teitz (1954)1% studied absorption, translocation
and persistence of the several insecticides re-
spectively on each crops. They reported that the
absorption site in crop varies according to the
application methods of chemicals.

This report is concerned with the absorption
and translocation of the following five 32P-labelled
systemic organophosphorus insecticides in rice
plants: Vamidothion, Dimethoate, Disulfoton,
Thiometon and Mecarbam.

Meterials and methods

Test insecticides: Sulfur powder, methanol and

17




Bi B Bt Z O 36 %1

ammonia were added to 22. 4mCi/g of 32P-dimethyl
phosphite, which was purchased from Sumitomo
Atomic Energy Industries, and the mixture was
stirred to make ammonium salt of 3P-0O,0O-
dimethyl thiophosphate.® Addition of equimolar
5-chloro 3-thia 2-N-methyl valeramide in aceton
to the reaction mixture gave 3P-Vamidothion,!®
. 0,0-dimethyl S-(2-(1-methyl carbamoyl ethylthio)
ethyl) phosphorothiolate.

57me/g of potassium salt of *?P-dimethy! dithio-
phosphate was dissolved in aceton and added
equimolar N-methyl 1-chloroacetoamide or eth-
ylmercaptoethyl chloride to give 32P-Dimethoate,
0, O-dimethyl S-(N-methyl carbamoylmethyl)
phosphorodithiocate and 32P-Thiometon, O, O-dime-
thyl S-[(2-ethylthio)ethyl) phosphorodithioate.

54.5mCi/g of potassium salt of 3?P-diethyl
dithiophosphate was dissolved in aceton and added
equimolar ethylmercaptoethyl chloride or chloro-
acetyl N-methyl uretan to give ®?P-Disulfoton,
0, O-diethyl S-(2-ethylmercapto) ethyl phospho-
rodithioate and P-Mecarbam, O, O-diethyl S-
(N-ethoxycarbonyl-N-methyl carbamoylmethyl)
phosphorodithioate.

Each compound was dissolved in chlorofomi,
and washed sufficiently with water and concen-
trated to dryness. Purity of each compound was
determined by means of distribution of radio-
activity in silica gel thin-layer chromatography
and colorimetric determination with palladium
chloride. Some of the compounds were purified
further with thin-layer chromatography.

Each compound was added to aceton: benzene:
Newcoal 863 (manufactured by Japan Emulsifier
Co., Ltd.) at: 30:30:30 W/W and made 10%
emulsifiable concentration.

Test plant: Two hundred gram of air-dried paddy
field soil which was passed through a sieve of
Smm were put in a glass petri dish of 18cm in
diameter and added water of prescribed quantity
to it. Fifteen stands (3 plants per stand) of rice
seedling (Aichi-Asahi) at three leaf stage were
transplanted in glass petri dish.

Application of radioactive compounds to rice
plants: Ten percent emulsifiable concentration
was diluted at 0.05 percent with distilled water.
After 2 days from transplanting of the rice plants,
the diluted solution of each compound was dropped

18

onto the surface of soil as evenly as possible with
a pipette at the rate of 20m/ (as active ingredient,
1mg/petri dish=3.6kg/10 ares in term of 5%
granule). The plants were not directly contami-
nated with the solution. During the experiments,
the rice plants were kept in a growth chamber
that were set with a 10-W fluororecent lamp at
25°C, and supplied water to maintain the water
surface at a constant level.

Sampling: At several time intervals after the
application, three stands of the rice plants were
sampled at randam in order to examine the
distribution of radioactive metabolites in the rice
plant. The roots were washed sufficiently with
a running water to remove the unabsorbed
insecticides. The treated rice plants were divided
into the aerial and root parts, and weighed
respectively after removing the moisture with a
filter paper.

After mincing them, the materials were grinded
with 2ml/ of distilled water in a glass homogenizer
and shaked it vigorously with same amounts of
chloroform. Homogenates of the aerial and root
parts were centrifuged for 5 minutes at 2000 r.p.m.
to separate chloroform layer from water layer.

On the other hand, all treated soils were collected
from the petri dish respectively at 6 dayé after
the application and extracted three times with
80% acetone in water. The extracts were concen-
trated with a rotary evaporator under reduced
pressure, and then partitioned with equal volume
of chloroform and distilled water. Chloroform,
water extracts and soil-absorbed substances were
separated by the above described operation. Each
fraction was concentrated with a rotary evaporator
under reduced pressure again.

Radioassay: Total amounts of chloroform extracts
(undecomposed product), water extracts (decom-
posed product) and precipitates were put in
sampling dishes for radioassay respectively, and
poured 295 KOH-alcohol solution into them. And
then, each fraction was dried under an infrared
lamp. The precipitates were incinerated in an
electric furnace at 500°C. The radioactivities of
each fraction were measured by the Aloka gas-
flow counter.

Bioassay for brown planthopper: Rice plants which
were treated non-labelled compounds in the same
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methods as the labelled ones were removed at
6, 24, 48, 72, 96, 120 and 144 hours after the
application. Two plants of the treated rice plants
were transferred into a transparent cylinder of
35mm in diameter and 20cm in height made by
polyethylene film, and then fixed with sponge.

Ten females of adult smaller brown planthopper
(Delphacodes striatella Fallen), which were reared
for successive generations on rice plants in our
laboratory, were released into the cylinder. The
cylinders were kept in a growth chamber at 25°C.
The number of fallen insects was counted after
24 and 48 hours, and the corrected percentage
was caluculated by the Abbot’s correction method.
The insecticidal tests were replicated three times.

Results

In order to study absorption and translocation
of systemic phosphorus insecticides in rice plants,
32P-labelled compounds were applied onto soil
surface. After the application, the rice plants were
sampled at several intervals for the radioassay.
The decrement of radioactivity was corrected
and the amount of radioactive materials in the
aerial and root parts of rice plant was calculated

Table 1.
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in term of initial compounds. The amounts of
the radioactive materials in the rice plants batween
chloroform and water extracts are shown in
Tables 1 and 2,

As regards to the penetration of the compounds
into the root of rice plants, the amounts of
chloroform extractable metabolites of Disulfoton,
Vamidothion, Thiometon and Mecarbam attained
maximum within only 6 hours after the application,
and did not increase afterwards. On the contrary,
chloroform extractable metabolites of Dimethoate
increased gradually with the lapse of time.
Dimethoate was proved to have a nature of the
strongest penetration among the test compounds.
Vamidothion showed rapid increase in the
acumulated amount of chloroform extractable
metabolites in the aerial parts of rice plants from
48 hours after the application., The radioactive
metabolites partitioned in aqueous phase were
increased with the lapse of time, and the large
amounts of its metabolites were found in all test
compounds at 48 hours after the application.

Table 3 shows the concentration of chloroform
partitioned metabolites in the rice plants at certain
time intervals after the application, and the data

The amounts of radioactive materials found in the root parts of three rice plants

(1 stand) after the application of 32P-labelled insecticides.

Test compounds Fraction Time after application
6 hrs, 24 hrs. 48 hrs. 72 hrs.
. chloroform extracts 0.22r 0. 20y 0.21y 0.12y
Vamidothion water extracts 0.10 0.14 0.55 0.12
unextractable 0.02 0.05 0.20 —*
chloroform extracts 0.37 0. 86 1.07 1.33
Dimethoate water extracts 0.14 0.52 3.31 1.79
unextractable 0.06 0.02 0.33 —
chloroform extracts 0.69 0.59 0.69 0.58
Disulfoton water extracts 0.58 0.89 1.05 0. 86
unextractable 0.23 0.64 1.61 —_—
chloroform extracts 0.34 0.26 0.20 0.17
Thiometon water extracts 1,02 0. 82 1.05 0.87
unextractable 0.25 0.34 0.49 —
chloroform extracts 0.05 0,07 0.12 0.13
Mecarbam water extracts 0.10 0.10 0.15 0.09
unextractable 0.00 0.01 0.03 —

* DUndetectable by the gas-flow counter.
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Table 2. The amounts of radioactive materials found in the aerial parts of three rice
plants (1 stand) after application of 3¥P-labelled insecticides.

Test compounds Fraction Time after application
6 hrs. 24 hrs. | 48 hrs, 72 hrs.
chloroform extracts 0. 057 0. 09y 0. 60y 0. 40y
Vamidothion water extracts 0.04 0.07 0.49 0.29
unextractable 0.01 0.03 0.06 —
chloroform extracts 0.36 0.86 1.07 1.37
Dimethoate water extracts 0.14 0.52 3.31 1.79
unextractable 0.01 0.07 0.19 —
chloroform extracts 0.14 0.35 0.91 1.38
Disulfoton water extracts 0.15 0.32 1.20 1.34
unextractable 0.01 0.12 0.34 —
chloroform extracts 0.30 0.26 0.30 0.30
Thiometon water extracts 0.77 0.83 0.78 1.09
unextractable 0.01 0.07 0.06 —
chloroform extracts 0.01 0.02 0.07 0.08
Mecarbam water extracts 0.02 0.10 0.18 0.22
unextractable 0.00 0.01 0.02 —_

* Undetectable by the gas-flow counter.

Table 3. The concentration of chloroform partitioned metabolites in rice plants after
application of 32P-labelled insecticides.

. Time after application
Test compounds Part of extraction
est comp 4 6 hrs. 24hrs. | 48hrs. | 72 hrs,
Vamidothion aerial 0. 36ppm| 0.84 4.08 2.28
root 1.87 1.14 1,18 0.62
Dimethoate aerial 3.02 6.18 7.33 6.40
root 2.64 6.17 7.27 7.50
Disulfoton aerial 1.11 2.79 5.59 6.36
root 4.80 4,72 4.16 3.36
Thiometon aerial 2.45 1.70 1.92 1.55
root 2.18 1.69 1.23 1.17
Mecarbam aerial 0.09 0.15 0.44 0.39
root 1.02 0.46 0.63 0.84

Data expressed as initial compounds per fresh plant tissue.

were expressed as initial compounds per fresh
plant tissues. Dimethoate exhibited the highest
concentration in both parts, and followed by
Disulfoton. Concentration of chloroform parti-
tioned metabolites in the aerial parts tended to
be the highest at 48 hours after the application
and gradually lowered afterwards. Concentration
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of its metabolites in the root partslowered with the
lapse of time after the application of Disulfoton,
Vamidothion, Thiometon and Mecarbam except
Dimethoate.

Residual amounts of the insecticides and their
metabolites in soil at 6 days after the application
are_described in Table 4. The residual amounts
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Table 4. The amounts of radioactive materials found in treated soils (200g.) at 6 days
after application.
Soil-absorbed

Test compounds Chloroform extracts Water extracts substance
Vamidothion 149, 7y 149.7 532. 4
Dimethoate 456. 5 303.1 253.2
Disulfoton 524. 4 232.6 336.2
Thiometon 331.8 274.2 309.5
Mecarbam 329.1 51.2 512.6
Table 5. Insecticidal tests of systemic organophosphorus insecticides to the smaller brown

planthopper (Delphacodes striatella F.) fed on rice plants treated with the

insecticides.
Time Vamidothion Dimethoate
after No. of mortality No. of mortality
application insects 24 hrs. 48 hrs. insects 24 hrs. | 48 hrs.
6 hrs, 22 68.2% 95.5% 25 84, 0% 100. 0%
24 22 95.5 100.0 22 100.0 100.0
48 30 76.6 100.0 28 92,9 100.0
72 28 96. 4 100.0 25 92.0 100.0
9 36 . 91.7 100.0 24 100.0 100. 0
120 28 82,2 96. 4 32 96.7 100.0
144 21 41.8 90, 2 20 70.0 100.0
Time Disulfoton Thiometon
after No. of mortality No. of mortality
application insects 24hrs. | 48 hrs. insects 24 hrs, 48 hrs.
6 hrs. 23 56.6 87.0 23 4.4 17.4
24 24 46.8 91.7 27 22,2 48.1
48 27 70.4 100. 0 27 11.1 63.0
72 36 27.8 94,4 23 13.0 78.7
96 27 29.6 96.3 26 30.8 92.3
120 25 36.0 52.0 24 12,5 52.0
144 — —_ — — - —
Time Mecarbam
after No. of mortality
application insects 24 hrs. 43 hrs.
6 hrs. 23 17.4 26.1
24 23 4.3 30. 4
48 33 9.2 36.4
72 31 6.5 54.8
96 28 3.6 42,7
120 28 7.1 14.3
144 —_ - —

of chloroform partitioned metabolites of Disulfoton
and Dimethoate were very large, and followed
by Thiometon, Mecarbam and Vamidothion in
decreasing order. On the contrary, soil-absorbed
substances of Vamidothion was the largest, and

followed by Mecarbam.

Adults of the smaller brown planthopper were
fed on the rice plant treated with non-labelled
same insecticides, Table 5 shows the percentage
of fallen insects at 24 and 48 hours after the
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application. The rice plants treated Dimethoate
exhibited the best insecticidal effect, and followed
Vamidothion and Disulfoton. However, Thiometon
and Mecarbam had almost no insecticidal effect
for the smaller brown planthopper.

Discussion

It has been said that all outer surface of plant
body can absorb various kinds of compounds
under certain conditions. Therefore, as for the
penetration of systemic insecticides into the plant
body, it should be taken into consideration
whether the surface of the plant body has
adaptability for absorption of the compounds.

It is considered that insecticides penetrate plant
body from the root system via the same route as
water or orgaxiic materials,

When the insecticides are applied on water
surface of a paddy field, the insecticides are not
only absorbed via roots but also moves upward
along surface and interstices of stem or leaf sheath
by capillarity, and arrives in the stem or leaves
under such a special environment of flooding
(Isii and Hirano,® 1962, Tomizawa,'” 1963).
Therefore, the systemic insecticides should be
contacted directly with the plant body in order
to expect the highest effect for noxious insects.

Metcalf (1956) reported that one of the factors
to control the penetration of chemicals into the
plant tissue was its water-solubility, and that any
chemical should have the solubility enough for
enabling it to move freely in plant tissues. It
was reported also by Metcalf et al. (1957),'” David
(1952)» and Ridgway et al.!¥ (1956) that trans-
location of chemicals into leaves and stem depend
upon the liposolubility and that substance having
water-solubility readily penetrate the plant tissue
via the root.

Water-solubility of the compounds used for
this experiment is as follows: Vamidothion 20g,
Disulfoton 2.5mg, Dimethoate 250 mg per 100ml
of water respectively. Thiometon is practically
insoluble and Mecarbam is very slightly soluble
in water. Thus, it is presumed that Vamidothion
having the highest water-solubility among test
compounds is greatly absorbed and translocated
via root system, based on the reports by Metcalf
et al1® and David.®
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As seen-in Tables 1 and 2, however, the
penetration and trénslocatioh of Vamidothion is
rather slower as compared with Dimethoate and
Disulfoton. '

According to the observation of Miyata (1965)
on the penetration of various kinds of organo-
phosphorus insecticides into the plant tissue,
when the insecticides were applied on rice plants
with the root dipping method, some insecticides
penetrated only a little into the plant tissue in
spite of its high water-solubility, and stability of
chemicals and penetration mechanism greatly
influenced on the penetration of the chemicals
into the plant tissue besides the water-solubility.

On the other hand, Disulfoton penetrated and
translocated readily into the plant tissue although
it was a little soluble in water. As evidenced
from the above result, the translocating rate of
the chemicals could not be judged from only its
water-solubility. )

The amount of radioactive metabolites in
Dimethoate was the largest at the aerial and root
parts of rice plants, and the amount gradually
increased with the lapse of time after the
application. From the result, it is presumed that
Dimethoate is a fast-acting insecticide owing to
readily penetration and translocation in the plant
tissues. However, it is suggested that Dimethoate
causes readily phytotoxicity to some plants since
it penetrates and translocates very rapidly in the
plant tissue.

Sato and Miyamoto (1967)'® reported the follow-
ing results of the fate of Dimethoate in soil:
Dimethoate translocates in plant tissue with soil
moisture, but the translocating rate of Dimethoate
is rather small in the case of immovability of
water even when the soil contains sufficient water.
Afterwards Dimethoate is accumulated without
being decomposed and so Dimethoate caused
phytotoxicity.

Tomizawa (1963)!" reported that dimethyl S-
isopropyl-2-sulfinyl phosphorothiolate is absorbed
via leaf sheath and translocate into leaf blade,
but it also moves to root in a fairly amount, when
applied on water surface of pot in which rice
plant had been transplanted. In general, organo-
phosphorus insecticides appited in paddy field
almost remain on the soil surface without diffusing




into the lower layer of soil;

In this experiment, under the condition that
water was excessively saturated, radioactive
metabolites of Dimethoate moved to the aerial
parts of rice plant very rapidly, and were
accumulated in the leaf sheath and leaf blade in
a large amount. From these result, it seems
probable that Dimethoate was not only absorbed
through roots but also penetrated through leaf
sheath and translocated in the plant tissues.

A large amount of chloroform partitioned
metabolites of Dimethoate was detected in the
aerial and root parts as compared with other test
compounds. Therefore, it is presumed that
Dimethoate was decomposed in the plant tissue.
However, Morikawa and Saito (1966)!® and Sato
and Miyamoto (1967)!® reported, as a result of
study on metabolism of Dimethoate, that the
compound can not be readily decomposed in the
leaves of rice plant and soil.

The amount of radioactive materials of Disul-
foton, Vamidothion, Thiometon and Mecarbam
in the root parts tended to be kept almost constant
or slightly lower with the lapse of time after the
application. From those results, it seems probable
that the root absorb further the chemicals to
supplement the decreased amount after the
movement of chemicals into the aerial parts, since
amount of the chemicals uptaken from root is
almost invariable.

According to the investigation of residue in soil
at 6 days after the application, chloroform and
water partitioned metabolites of Dimethoate and
Disulfoton still remained in soil in a large amount.
On the contrary, the amount of chloroform
partitioned metabolites in Vamidothion was small
but the amount of soil-absorbed substance was
large.

Getzin ef al. (1970)9 reported Phorate applied
in soil showed good persistence, and that sulfoxide
and sulfone of Phorate were strongly absorbed
by soil components. Dimethoate having natures
of good penetration and translocation was best
in the insecticidal effect against the smaller brown
planthopper and it was followed by Vamidothion
and Disulfoton. Thiometon and Mecarbam proved
to be poor effect. This is considered to be due
to the insecticidal effect itself of each compound
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against the smaller brown planthopper not to be
due to the accumulated amount of each chemicals
at the aerial parts of the rice plants. In general,
the insecticide having natures of strong penetration
and translocation has also the highest insecticidal
potency. Insecticidal efficacy of the chemicals
was in accord with the residual amount of the
chemicals in the aerial parts of the plant.

. Summary

The absorption and translocation of five systemic
insecticides, Vamidothion, Disulfoton, Dimethoate,
Thiometon and Mecarbam in rice plants were
quantitatively and qualitatively studied by using
32P-labelled insecticides.
cultured in the paddy field soil contained in the

Rice seedlings were

glass petri dish, and the labelled insecticides were
applied onto the soil surface.

Results of the experiments showed that Disul-
foton was absorbed rapidly by the roots of the
rice seedling, and large amounts of Dimethoate
was absorbed by the aerial parts as well as by
the roots.

It was assumed that absorption and translocation
of Dimethoate in rice plants were extremely
easy. While translocation of Vamidothion which
has a nature of high water-solubility was found
to bs slow. '

The translocation of the chemicals to the aerial
parts were associated with the insecticidal effects
to the brown planthopper which attacks rice
plants.
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