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Introduction

It is well known that the effectiveness of a
pesticide in the field depends upon the suitability
of the formulation, Even with a highly toxic
compound, satisfactory control would not be
expected unless the toxicant is suitably formula-
ted for the crop to be protected, for the pest to
be controlled, for the method and equipment-of
the application, for the metéorological circum-
stances, and for some other factors.

7-BHC (y-hexachlorocyclohexane) has been
recognized to be a highly effective insecticide
when used against the rice stem borer, Chilo
suppressalis Walker. But, the application of the
toxicant in the field did not always give satisfac-
tory control. It was found, several years ago,
that the unsatisfactory control was brought about
by the insufficient contact of this toxicant with
the insect larva, because the formulation was
This finding
stimulated the improvement of the formulation,
and emulsifiable concentrates of new types have
now become commerc1ally available. These new
formulations generally contain solvents of higher

unsuitable for the boring larva. .

boiling ranges and surface active agents in higher
contents, as compared with previously used ones.

With these new formulations, effective control
has been reported, which is claimed B'y the
manufacturers to be ascribed mainly to the
ability of reemulsification and greater depth of
entry between the sheaths.
work has been done, however, on the behavior
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of the toxic compound; which would support the
claimed mechanism. N

The present paper deals with theliquantit‘at'ive
studies carried out in 1957 on the deposition and
persistence of r—BHC- sprayed on rice plants in
different formulations. '

Materials and Methods

(1) r-BHC Spray Formulations.

Four different formulations were prepared and
used. The compbéitions of these emulsifiable
concentrates are shown in Table 1. Prior to the
application, 1.0 g. of each concentrate was diluted
with water to make upto 300 ml. of a spray
emulsion under vigorous agitation. No. 1 was prep-
ared as a conventional type of emulsifiable conce-
ntrate, while No. 4was formulated to represent
the above-described new model. Lindane, the sur-

“ia

Table 1. Compositions of 7—BﬁC emulsifiable
concentrates®
Formulation No.
Components . L
1 2 3 4
Lindane S 151 15 15 15
Xylene 80 54 - | =
Kawakasol No. 3** i— | — | 62 |.48
Cyclohexanone — — 16 7
Sorpol 600 . 5 27 7 —
Sorpol W 150 —_ 4 —_ —_
Sorpol AC 531 —_ —_ — 30

*) Figures are given in w/w percentages.
*#) Technical methylnaphthalene with a boiling
range of 230-270°C.
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factants, and Kawaka-sol were kindly supplied by
BHC Chemical Industrial Association, Toho Chem-
ical Industry Co., and Kawasaki Kasei Chemicals
Co., respectively, to which the authors are
grateful. ’

(2) The Rice Plants.

The rice plants used had been grown in pots
and were at their heading stage. Two plants
had been raised in each pot, about 18 cm. in in-
In order to make the spray con-
ditions as uniform as possible, the number of
stems of each plant was limited to ten and the
heads were removed before the spray application.
(3) Measurement of Physical Properties.

Surface tension was measured by the Du Noiiy
method at 21°C. Area of spread was estimated
for each 0.10ml. of a spray droplet on a paraf-
Though such a large

ner diameter.

fin-coated glass plate.
droplet was not actually produced in the spray
application, the values obtained would aid in the
comparison of the properties of the four formu-
lations. Measurement was also-made for water.
(4) Spray Application.

The emulsions were sprayed from a glass
atomizer with an air stream ejected under the
pressure difference of 1.0kg. per square cm.
Pots were placed at a distance of 1.5 m. from
the nozzle. The blade and the sheath of each
plant were separately sprayed from two opposite
sides, each time with 5ml. of emulsion. "Thus,
two plants in each pot received 40 ml. of one of
the four emulsions. -

(5) The Determination of Initial Deposits.

. For the determination of the initial deposits,
some of the sprayed plants were sampled: after
being left intact for about an hour until the
Each sprayed plant was cut
at the level of bcm. from the ground. The
aerial side was then divided into two partls, the
The latter will be
referred to as the stem and sheath hereinafter.
Each part was cut into pieces, and extracted in

surface was dried.

blade and the remainder.

-a Soxhlet apparatus after being macerated with
methylene chloride and anhydrous sodium sulfate
in a blendor. The methylene chloride solution
thus obtained was then treated with fuming
sulfuric acid to remove interfering substances.

The volume of the solution was measured and

oW1 %1

“aliquots were taken for analysis.

The amount of y-BHC was detérmined by the
Schechter-Hornstein method?. Two. separate
samples wére taken for e::ach treatment and
duplicate analyses were c3rried gut on each
sample. Average recoveries were 86 percent
from blades and 91 percent from stems and
sheaths, by which the values were corrected.
The values were then decrez{sed by subtracting
those obtained on the extract of unsfarayed plants
determined in the same way..

(6) The Determination of Residual Amounts,

The sprayed plants were kept outdoors and
protected from rain. The plants were sampled,
some after 3 days and others after 7 days, for
the determination of the residual amounts. The
extraction and the determination of y-BHC were
carried out in the same way as those for the
initial deposits. The temperature during the 7
day period averaged. 19,1°C,, the maximum and
the minimum being 25.7°C. and 12.2°C, respec-

tively.

Results

The physical properties measured are recorded
in Table 2. The results of the determination
of the initial deposits are shown in Table 3 and
those of the residual amounts in. Tables 4 and 5.
In these tables, average values are presented.
Thé mean deviation was 9 perce;'it.

-~ 4

Table 2. Physical properties of spray

emulsions.
Formulation Surface Area of
No. . tension® spread**

dyne/cm. cm?,

1 36.6 " 0.8

2 31.6 " L03

3 36.1 0.85

4 35.1 0.88
water 72.6 0.39

*) Surface tension was measured by the Du
Noiiy method at 21°C.

**) Spreading area of a spray emulsion droplet,
0.10ml. on a paraffin-coated plate.
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‘Table 3. Initial deposits of y-BHC on rice plants
Fo . Blades Stems and sheaths
orljnulatlon No. Amounts per | Amounts per | Amounts per | Amounts per
plant unit weight plant unit weight
yg. p.p.m, ug. .p.p.m.
1 260 12.2 83 2.1
2 140 6.4 160 3.7
- 230 10.7 110 2.6
4 180 8.3 130 3.3

Table 4. : Residues of y~-BHC on the blades of rice plants.

) After 3 days ‘ After 7 days
Formulation No. Amounts per| Amounts per Amounts per| Amounts per
) plant unit weight Tenacities plant unit weight Tenacities
re. p.p.m. % | e p.p.m. %
1, 29 . 1.4 11 27 1.3 10
2 41 1.9 30 38 1.8 29
3 42 1.9 18 36 1.7 16
4 47 2.2 28 37 1.6 20
Table 5. - Residues of .7-BHC on the stems and sheaths of rice plants
P ) N After 3 days After 7 days
Formulation No, : ’ -
Amounts per| Amounts per ... (Amounts per| Amounts per, s
plant unit weight’ Tenacities -plant unit weight Tenacities ;
rg. p.pm % . pe. p.p.m. %
1 62 1.6 74 36 0.9 44
2 89 2.4 64 71 1.6 43
3 69 1.7 65 39 1.1 41
4 112 2.9 89 63 1.6 50
ment of application among the four formulations.
Discussion

Various factors are known to affect the deposit
of pesticides on the plant surface, They may
be classified into two -groups, those operating
before the impact on the one hand, and those
at and after the impact on the other.

Most. of the factors in the former group, such
as the particle velocity and the distance of the
object do not seem to be important.in this
comparative study on formulation, since there
was no difference in the method and the equip-

8

Theé evaporation of solvents may have occurred
in different degrees before the impact. No.1 and
No. 2 contained xylene in different percentages,
which is more volatile than Kawakasol used in
No. 3 and No. 4. - Division of the spray emulsion
into fine particles naturally enlarges the surface
of the liquid, which may accelerate the evapora-
tion. Since the spraying was carried out indoors
in a considerably low temperature, the evapora-
tion is unlikely-to have taken- place as rapidly
as in the field application.. It may, therefore;
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be said that the evaporation of the solvent did
not influence the deposit significantly.

The results shown in Table 3 indicate that
the highest initial deposit on leaf blades was
obtained in the application of No.1 and that the
amount decreased in the order of Nos. 3,4 and 2.
The table also indicates that, on stems and
sheaths, the order is just the opposite. When
the figui'es are compared with those in Table 2,
it is found that there is a negative correlation

between the amounts of initial -deposits on blades

and the area of spread of spray emulsions, while,
on stems and sheaths, a positive correlation
exists between the deposits and the area of
spread.

It has been pointed out that there is a reverse
relationship between the spreading ability of a
spray liquid and the amount of deposit-on plant
leaves. On the rice plant, however, the relation
was reported to be different and- complicated.
Hirota® found that surfactant solutions gave
tmaller spreading indexes on the surface of the
rice plant leaf than on those of other plants
tested and paraffin-coated plate, and that, on
rough surfaces such as those of the rice plant
leaf, the maximum deposit was given when the
contact angle was about 90°. Though spreading
properties were measured only on paraffin-coated
plates and not on the rice plant leaf particularly
in the present studies, the four formulations
used were found to have high spreading abilities
in the former plates. It seems, therefore, that
the spre'ading abilities of the four emulsions on
the rice plant leaf fell within the range which could
give the above-mentioned reverse;relationship.

Several factors may be suggested -to explain
the reverse relationship. Stability of a single
droplet. on a inclined surface is known to be
dependent upon the spreading ability of the liquid.
Within a certain range, the critical stable angle
decreases as the spreading ability increases.
This fact suggests that comparatively. fewer
droplets will remain on leaf surfaces inclining
at various angles when a liquid of higher spread-
ing ability - is sprayed. -
critical stable angles of aqueous solutions of

Hirota®... measured

several polyethylene nonylphenol ethers on some
kinds of plant surfaces and found that on the

rice plant leaf blade, the stability increased with
the concentration up to 0. 01 percent, above which
the stability decreased. Those values were;’
however, measured with droplets of 0.01°ta' 1,0
ml. Since the critical stable angle increases.

with the decrease in the volume of the ‘droplet’
as shown in that report, those values would not :

apply to the fine particles below 0.001 ml. ‘pro-
duced by ‘the sprayer in the present experiment.
It may be said that the fine droplets were stable
irrepective ‘of the  inclination of the surface as
long as they remained individually.

Assuming that spray liquids of equal volumé
givé droplets of about equal numbers, the surface
occupied by a given volume of liquid would in-
crease with the increase in the spreading ability,
thus causing saturation of a unit surface with a
lower volume of the spray liquid. Further spray-
ing would not increase the amount -of the
deposit, but would cause run-off of the liquid.
Evans and Martin® reported that the maximum
initial deposit was obtained at the point when
the incipient run-off occurred.
that run-off begins sooner with a emulsion of
higher spreading ability, and, therefore, the
maximum deposit becomes lower. Observation
of sprayed surfaces supports the view that this
explanation should be applied to the present
situation,

The opposite relation on the stems and sheaths
would be explained as follows. -After the surface
of the blades was saturated with a spray emulsion,
excess emulsion began to run-off, causing the
entrance- of this run-off emulsion between the
sheaths, favored by the low surface tension.
Similar phenomenon was observed by Sugimoto
and Hatai® and by Fukuda® with parathion
emulsions of higher spreading abilities. Run-off
must have begun sooner with emulsions of higher
spreading abilities, thus allowing more volume
to enter between the sheaths.

In discussing pesticide deposits and -residues
on the plant surface, it is preferable to take the
amount per unit surface into consideration».'
Fukuda® estimated the surface area of rice planté
and obtained the values of 140 square cm. and
24.5 square cm. per g. of fresh weight of the

blade and the sheath respectively. Though no

9

This indicates"
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measurement was made of the surface area in
the present experiment, approximate values of
the amounts per unit s‘urface may be calculated
using the above-cited -data. Initial dep051ts of
the insecticide per unit surface calculated in
this way were 0.08, 0.05, 0.08 and 0. Q‘G.yg. per
square cm. of the blades with Nos. 1,’2,3 and 4
respectively, and 0. 08, 0.15, 0.11 and 0.14 ug. per
square cm. of the stems and sheaths in the
same order of the formulations.

It is apparent from these values that, on the
basis of the amount per unit surface, the initial
deposit on the stems and sheaths was much
higher than that of the blades with No.2. The
difference becomes smaller in the order of Nos.
4,3 and 1.
suggested  transference of the run-off emulsion
of high surface activity from the blades into the
space between the sheaths.

These facts support the already

It may be concluded that, within the present
expenmental conditions, the amount of the initial
deposit was mainly influenced by the spreading
property, those on blades being negatively cor-
related with the area of spread, while those on
stems and sheaths being positively correlated.
The lower amounts of initial deposits on the
whole plant with emulsions of higher spreading
abilities may be ascribed to the possible falling
of the run-off droplets to the ground. -

Persistence of pesticide deposits are generally
They
include the properties of the toxic compound, the
amount and the physiqal state of the deposit,

influenced by more complicated factors.

the amount and various properties of each adju-
vant in the formulation, the nature of the plant
surface, the activity and the stage of the plant,
and meteorological factors. Those meteorologlcal
and plant factors may, however, be excluded
from the following discussion, since the p,resent
studies are mainly concerned with the difference
in the formulations. A

Table 4 indicates that Nos. 2 and 4 gave higher
tenacities on the blades than Nos.3 and 1.. The
relation, opposite to that of inifial deposits,
suggests that there might be a correlatlon
between the tenacities and the mmal depos:ts.
Fukuda® reported that parathion~ dxsappeared
from the rice plant leaf more rapldly when the
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amount of the initial deposit was higher. There
is no reason to deny the influence of the diffe-
rence in the amounts of initial deposits on the
tenacities. Preliminary experiments showed,
however, that the persistence was considerably
higher with Nos. 2 and 4 than with Nos.1 and 3,
when the same amounts were deposited. It
would, therefore, be difficult to ascribe the
difference in tenacities simply to the difference
in the amounts of the initial deposits.

One of the advantages of the new formulations
has been claimed to be the prolonged persistence
of the insecticide due to the utilization of sol-
vents with higher boiling ranges. The results
obtained here show a different feature. No.,2,
which contained surfactants in 5higher content
and xylene as the main solvent, gave a higher
persistence than No. 3, which was  formulated
with Kawakasol and with a smaller percentage
This fact, together with the
above-mentioned results of preliminary eXperi-

of surfactants.

ments, suggests that the solvent was not the

_only major factor in the persistence, but surfac-

tants may also have played an important role
in it. Surfactants used were practically non-
volatile. They must have remained on the plant
surface after water and volatile solvents had
evaporated off, and have protected the insec-
ticide from evaporating off. the surface into the
atmosphere. =

The tenacities on the‘stems and sheaths were
generally higher than-those on the blades and
of little difference among the four formulations.
By comparing only the amounts per unit weight,
it might be suggested that the higher tenacities
be attributed to the lower initial deposits. This
suggestion would be denied* when the initial
deposits per unit area were compared. As were
calculated earlier in this discussion, the initial
deposits per unit area on the stems and sheaths
were nearly equal to or higher than those on the
blades,

The high tenacities seem to be attributed at
least partly to the run-off emulsion entered
between the sheaths. Once the emulsion had
entered into this space, the evaporation of the
water and the solvent would have been depressed
and the volatilization of the insecticide must
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also have been limited.

Both the initial deposits and the tenacities
given by Nos.3 and 4 ranked generally between
those given by Nos.1 and 2, which should be
ascribed to the two extreme difference in the
spreading properties and the surfactant content
in the latter two formulations.
that, as far as the chemically determined amounts

It may be said

. are concerned, the solvents with high boiling
. ranges did not influence the persistence of r-BHC
as much as the surfactants did.

Various factors are known to affect the avail-
ability of insecticides applied to plants.
the present studies have dealt only with the

Since

amounts and locations of the initial deposits and
residues, it is difficult to give conclusive expla-

nation on the mechanism of the enhanced effec- -

tiveness claimed with the new formulations.
Nevertheless, the amounts of residues deterinined
‘suggest that the new formulations may be char-
acterized as allowing more insecticide to enter
between the leaf sheaths and persist longer on
the surface.
out on some individual factors discussed in this
paper. The results will be published at a future
date.

Further studies are being carried
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Summary

r-BHC emulsions of four different formulations
were sprayed on rice plants and initial deposits
and residues were determined chemically. A
reverse relationship was found between the area
of spread and the initial deposits on the blades,
while the deposits on the stems and sheaths
were positively correlated with the area of
spread. These facts were ascribed to the in-

.. creased run-off droplets from the blades to the
‘stems and sheaths with formulations of high

spreading abilities. Despite lower "initial de-
posits, more residues were found on the blades

in case of emulsions of higher spreading abilities

) containing surfactants in higher amounts. This

fact was attributed to the effect of surfactants
protecting the insecticide from evaporation.
The tenacities on the stems and sheaths were
éenerally higher than those on the blades,
and were of little difference among the four
formulations.
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