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Introductory : Investigations reported in the earlier articles
(Satyanarayana, 1951), showed that the amount of DDT recovered from
the surfaces of apple leaves varied with the mode of deposition, the nature
of the solvent used, and the concentration of the insecticide in the
preparation. The nature of the emulsifer used had but little effect, the
percentage of the solvent in the preparation and the nature of the surface
(upper or lower) though having some slight effect did not appear to be
of much consequence. Though under the experimental procedure
adopted in the present investigation it has not been possible to recover
all the DDT initially deposited, it was shown that either by pro-
longing the period of shaking or by continued extraction in a soxhlet cent
percent recovery was possible. It was, therefore, clear that
the material that was not recovered was not Jlost by any
other process like the catalytic decomposition by leaf tissue, etc., but
could be recovered.

Absorption of insecticides into the plant tissue is not a new idea.
Swain (1933), working with petroleum oils observed this and suggested a
differentiation between the ‘available’ i.e. the insecticidally useful,
and the ‘non-available’ or the locked up portions. Probably, a similar
differentation needs to be made in the ecase of DDT also. In a
way this fact seems to have been realized by Barlow and Hadaway
(1949), when they designated the two fractions of DDT as ‘inner’
and- ‘outer’.

Object and scope of the present investigations: In view of the
foregoing considerations further elucidation of the following points is
clearly necessary :—

1. If one is dealing with a material treated with DDT,, what
is the most suitable method of extracting all the insecticidally
uscful portion ?

2. Whast js the insecticidal value of that portion which is not
recovered by the method which 1is considered maost
appropriate 7 and

** The investigations reportnd in thin contribution formed part of a thesin

submitfed for the Ph. D. dogree of the University of London, and were condetoed
at the East Malling Rescarch Station, England, during the years 1946 "47.
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3. Is it possible to establish any relationship between values
obtained by chemical estimation and those obtained by
biological teats?

Methods and Materials: In reviewing the literature on extraction
procedure (Satyanarayana 1951), it was shown that the methods adopted
varied a lot from mere washing with a jet of benzene to a shaking period
of 15 -30 minutes. Naturally, the amounts of DDT recovered by these
two methods cannot be the same, and the results presented in the earlier
article also confirmed it. Considering all aspects of the problem it was
decided to confine attention to preparations made with a low  hoiling
solvent like benzene and a high boiling solvent like dekalin in the
preparation of emulsions and solutions, and estimate the relative
toxicities of deposits both by chemical and biological tests.. A few trials
with a suspension were also included for the sake of comparison., Since
the effect of the surface (upper or lower) on the recovery of the insecticides
wasg found to be insignificant, and as it also appeard fo be more practicable
to spread the deposits uniformly on the upper than on the lower surface
due to the absence of veins and midrib, the experiments were restricted
to the upper surface only. With the idea of confirming the absorption
of the insecticide by the leaf tissue a non-absorbent surface like glass
was also included in the tests for comparative purposes. '

In the conduct of biological tests, when glass surfaces were
employed, the technique deseribed in the earlier communication was
followed (Satyanarayana, P. 1951, 2). But in cases were leaf surfaces were
used, squares 8§ sq. om. in area were cut from fresh and clean apple
leaves (Variety, Cox’s Orange Pippin) and after placing them flat in petri
dishes, measured amounts of the insecticide were deposited as usnal with
a mieropipette and spread uniformly without allowing them to overflow
the edges. After the deposits on leaves had dried, which usually happened
in 1-2 hours, the squares were cut into circles and fitted into the caps
of *Universal” sample bottles (18—19 mm,. internal diameter) fitted
with rubber washers. The required number of insects were transferred
to each boftle and the cap containing the leaf circle gently screwed on.
The bottle was finally inverted thereby causing the insects to fall on to
the leaf surface, and then left in the incubator at 25°C till ‘taken out
for counting after 144 hours,

Regarding the period that should lapse between the deposition of
the insecticide and the transference of insects on the leaf surface, mno
hard and fast rule is available, Gunther (1946), in his spraying experi-
ments with kerosene solutions and emulsions on fruit trees observed that
the inseeticide first penetrated the tissue along with the solvent but
subsequently reappeared on the surface during the next 24 lours,. He
therefore, suggested that when samples are drawn for analysis it is better
to do so 24 hours after spraying by which time the insecticide would have
had ample vime to stabilize itself, A few preliminary experiments were
conducted on this aspect to ascertain the minimum period that should
lapse between the deposition of the insecticide and the transference of
insects. DDT emulsions of 0-04% and 0029 strength prepared by using
benzene as solvent were deposited on exactly measured leaf surfaces and
the insects transferred at 2, 4, 8, 16 and 24 hours after the deposition of
the inseeticide (Table I)
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TABLE 1

The influence of time interval betwecn the deposition of the
insecticide and the transference cf insects on the
percentage kill.

Benzene emulsion on leaf — counted after 7 days.

Interval between

Concentration of Micrograms doposition of Number
DDT in of insecticide and of Number %
the prepara- DDT transference of insects dead dead
tion 9 per sq. ¢m. insects used
hours
2 (1) 91 63 692
4 90 66 733
004 50 8 89 49 550
16 90 68 755
24 890 61 ° 685
[ 2 (2) 91 18 200
I 4 09 33 333
0-02 25 <4 8 a0 24 266
| 16 #0 32 356
L 24 60 32 355

Statistical examinetion of data in Table 1 :—

(1) The data do not appear to be homogeneous since p = 005 — 002 ;
for p = 00'5 = 9-488, but the value actually obtained is 10:606 (4 df)
which is very close to the expected value,

(2) p= 001 — 05, i.e., the data are homogeneous.

Counts taken after 7 days showed that the percentage kills with
both the concentrations were independent of the interval that lapsed
between the deposition of the insecticide and the transference of insects.
In the present investigations, therefore, the insects were transferred to
the leaf surfaces as soon as they appeared dry, and this generally
happened in 1% to 2 hours. |

Having decided on the technique of the biological experiments the
following experiments were conducted to ascertain :—

(1) The optimum quantity of benzene required for stripping all
the insecticidally useful part of DDT from the leaf surfaces
and test the insecticidal value of washed leaves,

‘(2) having ascerfained the optimum quantity of benzene required
for stripping, estimate the amount of DDT recovered when
deposited in different forms, and,

(3) Attempt to evaluate the toxic action of deposits when deposi-
ted on different surfaces by biological methods, and correlate
them with the chemical values,

The p—p" DDT obtained by recrystallising thrice the com-
mercial produet with aleohol and having a m. p. of 108—109°C, was
veed in all these investigations,

Estimation of the optimum quantity of benzene required for stripping
the inseclicidally useful part of DDT and the toxic aclion of the washed
leaves: One percent solutions and emulsions{ using benzene as the solvent
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wore deposited on the upper surfaces of apple leaves at the vate of 5.0
micrograms per 100 sq. em. of leaf arca, and after allowing them to
remain for 24 hours, the leaves were washed individually with 3, 6, and
9 ce. of benzene per leaf with a wash bottle jet and the extracts collected
and analysed by determining the fotal chlorine consvent after reduction
with sodinm and ethyl aleohol (Satyanarayana, 1951). The waslied leaves.
were thoroughly dried and their insecticidal value determined by confin-
ing Tribolium confusum on them,

TABLE 11

Amount of DDT recovered from the surfaces of apple leaves when washed
with varving guaatities of benzene, and the insecticidal value of washed leaves,

Chemieal estimations 1 Biologieal tests

T P E— L © e B 8

— P

Benzone DOT

Lenf area used Percon-

DpT Percen- Na, of

deposited for gﬁj’;‘;' recovered tage insects H%?abdur tapge
Sq. em. washing mgm, 8- * recoverod  tosted dead
c. 6.
Solutions ,
100 30 50 3 26° 0653 55 3 50
100 GO 50 2 06 5389 50 £ H8
100 a0 50 343 68-2 47 3 L
Average. 41 -
Emulsions
100 0 - 50 0 B3D 6e-71 39 1 20
1000 60 a0 208 La-G0 48 1 2«
100 . * D0 a0 3-23 63 GO HE a B
Average U400

# pach value represents tho average of four estimations.

The result of chemical and biological tests presented in Table II
show that, (1) the amount of DDT recovered is independent of the
amount of benzene, and (2) the residual toxic effect of washed leaves is
insignificant. In other words, the amonnt of DDT recovered is the same
whether the quantity of benzene used for washing each leaf is 3, 6, or 9 ¢e.
Only 649, of the material originally deposited is vecovered. It, therefore,
appears that the effective portion of the insecticide is completely removed
even by mere washing and no claborate shaking or extraction procedure
is called for. The unrecovered portion of the insceticide which constitutes
nearly one-third of that originally deposited, i. e, 1.7 mgm per 100 sq.
em. of leaf area, or 17 micrograms per 1.0 sq. em. is practically ineffective
as the percentage kill is insignificant, As will be evident from the results
presented in the earlier communication (Satyanarayana. II, 1351) 10
micrograms of DDT is ample to give a 1003 kill with Tvibolium in an
experimental period of six days. The inability of this unrecovered portion
which though of the order of 17 micrograms per 1 sg. em. toshow any
effect proves that it is not present in an easily available form to deal with
insects of T'ribolium type that are killed by contact action.

Amount of DDT recovered from the surfuces of leaves by washing
Jollowing application of differeni preparations: As a corollary to the fore-
roing, further experiments were conducted to investigate in detail the
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amount of DDT recovered from the surfaces of apple leaves when deposi-
ted in the form of solutions, emulsions and suspensions, As representa-
tives of low and high boiling solvents benzene and dekalin were chosen in
the preparation of solulions and emulsions, and in the case of suspensions
discetone alecohol at the rate of 259 was used as the solvent. Triton-X-100
at the rate of 1% was used for stabilising in the case of suspensions, and
0.5%, sodium oleate as emulsifier in the ecase of dekalin and benzene
emulsions. Solvent at the rate of 10% was used in the preparation of the
emulsions, All the preparations were as usual spread on known areas of
leaf surfaces to give a concentration of 5 mgm per 100 sq. c¢m. and after
allowing to stand for 24 hours, each leaf was individually washed with 6
cc. of benzene, and the extract obtained analysed as nusual. The residual
toxicities of the washed leaves were also determined by econfining insects
on them. The results obtained for chemical and biological tests are
presented in Table ITI. Results obtained for similar preparations when
recovery was made by continuous shaking for 15 minutes are also
presented side by side for the sake of comparison.

TABLE III

Amount of DDT recovered from the surfaces of apple leaves after depo-

siting in various forms by washing and shaking procedures, and the residual
toxicity of the washed leaves.

Chomical Biclogical
pstimation teat
Solvent Washing Shaking S
wsed _______ Tehnique _Teehtiquo Num- Num- 9
and % DLT DDT DDT % % DDT berof ber Dead Remarks
percen-  in the pre- Depo- Heco. Reco- Reco- insects Dead
tage paration sited vered wvered wvered tested

mgm. mgm.

Solutions

Benzone 1-0 50 2587 (1) 41°74 7493 21 24y 94 VWashed
leaves
75 0 0 Controls
Drelkalin 10 &0 14181 (1) 23-62 T3 T 77 a 4 Washeil T
. leaves
; 5 0 fl Controla
Emulsions )
Benzene (103 10 a0 3420 (1) 6850 ao-1s5 Th 0 0 Waehed
leaves
T3 0 N Controla
Delalin (1095) 10 0 3345 (1) 6600 5548 74 i 0 Washed
leaves
T 0 1] Controls
Suspensions
Diavetono- 00034 43517 S TI0(2) 82°14 904
mleohol {259%)

(1) [ach figare represents average of 4 ostimations.
(2} do. do. do. G do.

The amounts of DDT recovered by the washing technique are in all
cases lower than those obtnined by the shaking procedure. The suspen-
sions give the maximum recovery and are followed by emulsions and
solutions, The order of recovery either by the washing or shaking
technique is the same, hut only the actnal amounts recovered are
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different. The difference in percentage recovery between the. washing
(82.14%) -and shaking procedures (91.04%) is nearly 9% in the case of
suspensions which shows that most of the insecticide being in a suspended
state is only on the surface and is easily removed by washing. The
extra 99 obtained on shaking is probably due to the small quantity of
insecticide which penetrated the tissue along with the large guantity of
the solvent used in the preparation of the suspension. In the case of
emulsions and solutions the differences in recoveries by the two procedures
are considerably large, the emulsions ocecupying an intermediate position
between solutions and suspensions, These results are as expected and fit
in with theoretical considerations,

TABLE 1V

Average percentage recovery values and their relative proportions
when DDT is deposited, in different preparations

Extraction procedure 9% excess Ratio of Relative
adopted recovery eshaking recoveries
over the to wash-

Washing  Shaking washing, ing pros “Wash- Shaking

Name of surface and
preparation teasted

method . eedurs ing
Benzene solution
leaf ... 51'74 T4 75 2301 1-445 1-00 1-00
Benzene emulsion .
leaf ... 6950 90-18 2168 1-310 1-325  1-21
Dipcetone-aleohol
suspension on leaf ... 8214 0104 8:00 1109 1-590  1+22
Benzene emulsion
on glass ... 100-00 100-00 0-00 1-00 1-03 134
Dekalin solution
on leaf ... 2362 7375 50-13 310 1-00 100
Dekalin emulsion
on leaf ... G650 8545 18-58 1-16G 2:83 ° 1'16
Diacetone-alechol '
suspension on leaf ... 8214 0104 8:90 1-100 347 1-23

The large percentage difference in recovery found in the case of
solutions (Col. 4, Table VI) clearly shows that the insecticide penetrated
the tissue and is recoverable only on continued shaking. It is the
maximum in the case of dekalin (50-139%) and as already suggested is to
be attributed to its greater non-volatility. Considering the relative
recovery values, estimating by the washing procedure (cols. 2 and 6 of
Table IV) for every one part of DDT recovered when deposited in the
form of solution in benzene, 1:325 and 1-590 parts are recovered when
deposited as emulsion and suspension respectively. Similarly, considering
the relative quantities recovered by the shaking procedure (cols. 3 and 7
of Table IV), they are 10, 1'21 and 1-22 respectively. The same sort of
relationship is exhibited when the recoveries with dekalin solution,
dekalin emulson and diacetone alcohol suspension are considered, The
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lower relative recovery values by the shaking procedure suggest, that as
a result of prolonged shaking the inequalities due fo the nature of
preparations i.e., solvent ete., have been levelled up, and more or less
uniform conditions establised. Values obtained by the washing technique
seem to reveal befter the differences existing Dbetween the differcnt
preparations and also fit in very well with theoretical considerations.
Dekalin being a solvent with low volatility penctrates deeper and leaves
less of the insecticide on the surface to be extracted. Either the washing
or the shaking technique is capable of revealing the relative performances

of the various preparations, but which of these two is better remains wo
be decided. ‘

The residual toxicities of the washed leaves were tested in all
cases (Table III), and in no case was any significant till recorded,
including leaves treated with dekalin solution where only 239% recovery
was obtained and a residue of 77%, equal to about 38-2 mierogrammes of
DDT per sq. em. was left over,” This clearly shows that even quantities
of insecticide of this magnitude not recovered by washing are not toxic
to insects like T'riboliuwm which are killed by contact action and confirms
the earlier observations.

Tozicity of DDT when deposited in different forms and on different
surfaces : Having found by chemical estimations that the recovery
values for DDT when deposited in various forms were different, it was
next intended to see whether they could be correlated with their bio-
logical performances. In the chemical estimation the concentration of
DDT was invariably 1%, and this was purposely chosen in view of the
limitations placed on the available analytical methods. As this high
percentage would be quite unsuitable for biological tests, from a know-
ledge gained from preliminary experiments 0-08, 004, 0-02, 0-01 and
0:005 percent concentrations were chosen as the most suitable, the test
insects being Tribolium.

Two sets of experiments were conducted. In the first one the
relative biological performances of suspensions, emulsions and solutions
were compared, and in the other the eflect of the nature of -solvent used
in the preparation of the emulsion and the nature of the.surface tested

were compared, The results were statistically éxamined where-ever
necessary and praecticable.

The concentration of the solvent used in all these cases (exeepting
solutions) was 19, and that of the emulsifier 0:05% if it was product
M. B. 320, and 0'02 ce, if it was Trition X — 100 (V/V). The required
quantities of preparations (0-1 ce. for every 8 sg. em.) were accurately
measured and uniformly spread. The insccts were transferred as usual
and counted after 144 hours. In Tables V and VI and Chart 1 the results
of tesis conducted with suspensions, soiutions and emulsions on leaf are
presented, and in Tables VIIT and IX and Chart 2 those with dekalin
and benzene emulsions on leaf are presented. With the idea of confirming
the absorption of the insecticide by the leaf surface, a non-absorbent
surface like glass was ineluded for comparisen. The results are considered
first on their face value and then statistically examined,
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TABLE V

Relative Toxicities of DDT Selutions, Emulsions and Suspensions to
Tribolium confusum

Age of inscets ... () to 60 days.
Amount of solvent used in the preparation of emulsions and guspensions 10%.
Emaulsifier used—Product M. B. 320 at 0-059,. : '

Teat 1 Test 2 |

Concentra- : o
tion of E 3 . — T
Nature of DOT in g *E . '
preparation the WE r ihﬂ- of Jper. No.of . Ker-
. oL = insects 1 centage insects Y centage
P&f‘ﬂm; s8R ' used dead dead used 9°29 “goad
e
Glass Surface
[ 0 gg 1000 89 84 044
| o 50 80 64 80-9
Denzene 2 002 95 00 62 6890
I ool 125 90 24 26 7
L 0005 0625 80 3 34
Leaf Surface
( g-ns 100 490 53 539 ]| » 35 384
| ‘04 50 90 49  bad 90 6 67
Seaxana { o002 25 92 1 1 9 0 0
I 00l 1'25 91 0 0 90 0 0
L 0005 0625 90 0 0 90 0 0
[ g-ua 100 gé 37 056 85 84 080
| ‘04 50 0 682 90 B4 711
Donzone 1 002 20 91 20 220 &7 14 161
. | 001 - 125 90 ] 11 90 0o o
L 0005 0625 90 0 0 90 0o 0
. o008 1000 90 88 978
" prewids | 004 500 00 78 867
et 4 002 26 00 24 26 7
suspension 4 om 1:25 90 1 67
L 0005 0:625 90 1 1-1
Controls 75 ] 1] 75 0 0

Considering first the relative performances of suspensions, emulsions
and solutions on leaf amongst themselves (Table VI and Chart 1), and
of all these against the performance of a benzene emulsion on glass, it is
found that L. D. 50 is the lowest on glass (0-0170% or 2:2] micrograms per
sq. em.) which establishes the superiority of non-absorbent glass surface
over that of leaf. On leaf, 6'56 micrograms per sg. em. are needed if it
is deposited in form of a solution, 391 micrograms in the form of an
emulsion, and 2-83 micrograms in form of a suspension. The results,
therefore, agree very well with theoretical considerations, and support
the conclusions drawn from the chemical estimations. The percentage
recovery values in the chemical estimations and their relative proportions,
along with the results obtained in the biological tests (L. D. 50°5) are
presented in Table VI, It is seen that the percentage recoveries or the
relative values obtained in the chemical esfimations by the washing
technique are more closely related to the biological values than those
obtained by the shaking technigue. A high percentage recovery by the
chemical method gives a low L, D. 50, and vice versa.
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TABLE VI

Correlation between chemical estimations and biological tests obtained
with suspensions, emulsions and solutions of DDT.

Chemical estimations ' Biological tests
Naturo of surfaco Washing  Shaking L. D. 50 as L'rgi'cfg'“
and preparation technique technigue 9% DDT in A Relative
and rela- relative prepara- DgDT i values
tive values  values tion sq. c;.
Benzene emulsion
on glass ... 193, 1'0 134, 100 00178 2:21  1-0, 0°34,
Pyridine suspension '
on leaf ... 1'59, 082 1-22, 091 0 0226 2-83 1:28, 043, 10
Benzene emulsion
on leaf ...1,33, 069 1-21, 090 00313 391 1'77. 0°60, 0-38
Benzene solution -
on leaf ...1'00, 052 100, 075 00525 656 297, 10, 232

It may, therefore, be stated that the chemical recovery values are
roughly inversely proportional to the L. D. 50’5, or in other words, the
product of chemical recovery values and L. D. 50 is a fairly constant
quantity. Applying this criterion in the present investigations it will be
seen that the product of recovery by washing technique and L. D. 50
(excepting the case of solutions) varies from 20 — 23 (Col. 5, Table VII).
On the other hand the product obtained by multiplying the recovery
value obtained by the shaking method by L. D. 50 is not so very con-
sistent (Col. 6).

TABLE VII

Relative potencies of the several preparations as judged by the
chemical and biological tests and the product of both values.

Rolative recoveries by Product of recovery by
chemical estimation chemical estimation X
Nature of preparation L. D. L_DjL

and surface Washing  Shaking 50

technique technique Washing Shaking

technigue technique

(N (2) (3) (4) (5 (6)
Emulsion on glass 1-93 1-34 1-00 1°93 1-34
Suspension on leaf 1-59 1-22 1-28 204 1-56
Emulsion on leaf 1433 1-21 177 230 2:14
Solution on leaf 1°00 1-00 297 207 2:97

A statistien] examinativn of the data using the results of the first test
(Table V), gave the following information.

Comparison : The regrossion lines are: P L. D. 50%

Emulgion on leaf e Y = 4278 X — 1'385 < 09 00311

* {0:0313)
Solution on leaf e Y ==3244 X — 0637 > 0001 * (0+0546)

* (0 0525)
Suspension on leafl == 4079 X — (0°678 0010001 . 0-0247

* (0-0220)
Emulsion on glass e Y == 20880 X — 1695 0 =005 00170

* (0°0178)

¥ These aroe values actually obtained from the graphs and agree very closely
with the calenlated figures.
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Comparison of treatment on glass and leaf (emulsions) gave
X = 44°390 (P < '001) and X?*, = 16:035 (P < -001) indicating the reduced
toxicity on the leaf surface. The fact that the two lines depart signifi-
cantly from parallelism, however, shows that the reduced toxicity of the
deposit on the leaf cannot be wholly aseribed to the absorption by the
leaf of a constant proportion of DDT applied, — either there is greater
absorption from the less concentrated solutions or some other unidentified
factors arc involved.

Further examination of the results to determine which difference
may be regarded as significant gave the following data.

Comparison X2 P X% P
Emulsion Emulsion B '
on glass on leaf 44-339 <001 16-035 <001

Emulsion Solution ,
on leaf on leaf 0572 07—06 0526 07T —06

Emulsion [ Suspension
on leaf on leaf 176 03 —02 0207 0O08—00
Suspension |/ Solution ‘ _

on leaf on leaf 2093 02—01 301 0-8—07

These data again confirm the greater toxicity of a deposit on glass
when compared with the same type of deposit on leaf, The apparently
greater toxicity of suspension as compared with emulsion and solution
agrees with the evidence obtained from the absorption of DDT by the
leaf which is greater for the solution and least for the suspension, but
the differences shown in the biological test are mnot significant at a
probability level of P = 0-05. This is largely due to the marked variability
of insects in susceptibility, and the deviation of the determined mortality
figures from the theoretical linear relationship between log. concentration
apd probit.

TABLE VIII

The effect of surface and nature of solvent used in the preparation
of the emulsion on the toxicity of DDT.

Insect used and age:— D'ribolium confusum e 0 — 00 days
Beugzene concentration in emulsion e 10094
Emulsifier nsed ; — Sodium oleate e 00059,
Coneentration Micrograms Number
Solvent of DDT in of DDT of Number 9
nesed omulsion per insects dead Doad
o cm used

Glass Surface

it 008 1000 60 . a3 88-3

004 b 60 21 Bl-7

Benzene , 002 50 60 19 3817
001 1-25 60 8 13-3

| 0005 0625 60 0 00

Leaf Surface

r O-08 1000 a9 53 86°0

004 50 859 13 860

Dokalin - 002 2:b 48 3 62
001 195 50 3 00

0-005 0'625 33 o 00
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Concentration Micrograms Number

Solvent of DDT in of DLT of Number 9

used emulsion por insoets dead Dead
% &m used

r 008 10-0 50 41 8§20
0-04 50 sy 18 a6 0
Benzeno - 002 25 30 5 160
01 125 50 0 00
L 9-005 0625 40 0 00
[ 008 10-0 85 G4 753
004 50 g0 a0 333
Benzene 002 16 83 4 45
001 125 an 1 141
0 005 0625 89" 1] 00
003 100 ap 69 T6:7
994 50 90 14 146
Dckalin 002 2'5 88 2 23
0-01 1-25 a0 0 gl
0-005 0-625 a0 2 23
Controls 45 0 00
; al Lt [IRY

Test — On leaves fixed to cells and counted onfter 7 doys,
Test — In bottles as uzual and counted after 6 days.

TABLE IX

Correlntion between chemical estimations and biological tests
Benzene and dekalin emulsions on leaf and glass

+ Chemical estimations Bivlogical tests
Nature of Washing ) SEhalking D.D. 50 L.D. 50
surince technique technigue as 9 aa
and prepa- Percen-  HReln.  Percen-  Rela- PDT  micro- Relative
ration tage tive tage tive in the gramsa values,
reco- values TALa- velues prepa-  per
ooy very ration. 8q. cm.
Test |
Bengzene emulsion
on leaf aen Ga's 102 i 18 1-0G 0.0468 &583 10, —
Dekdlin  emulsion
on leaf e GG 100 8548 100 00507  G-34 1408, —
Test 1l
Benzens emulrion
on glass wee 10070 1-a0 1000 117 ao328 403 140, —
Benzene emulsion .
on leaf 65 o 132 © 002 1°057 00325 656 1'62, 10
Delealin emulsion
on leaf e GG 100 850 10 0.0610 763 1'88, 116

In the other set of experiments where benzene and dekalin were
chosen ag solvents in the preparation of emulsions (Table VIII and 1X,
and Chart 2). and compared on glass and leaf surfaces, the 1. 1. 50's
with benzenc and dekalin emulsions on leaf were 00468% and 0:05079
(i.e. 1 : 1-08) respectively in the first test and 0052%, and 0-06109]
(i. e, 1: 1'16) respectively in the second test, and these bear a close
inverge relationship to the chemieal recovery values which were obtained
as 68'59 for benzene emulsion and 66:99; for dekalin emulsion (Table IX).
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That means, for every one unit of DDT deposited in the form of benzene
emulsion the amounts required for giving the sime percentage kill if
dokalin is substituted are 108 and 1-16 units respectively as obtained in
the two tests. Comparing the relative efficiencies of these two prepara-
tions (henzene and dekalin) on leaf against a similar preparation on glass,
the latter surface is definitely superior to the former. The L. D, 50 in
the case of glass and benzene emulsion is 0:3299% (i. e., 405 micrograms
per sq. cm,), and in the case of leaf and benzene emulsion 0 0525% (G-56
micrograms per sq. cm.). These values are in the ratio of 10 : 1'62,
which again compares very favourably with the values obtained in the
earlier experiments (Table VII), 10 : 1*77). That is, for every unit of
DDT applied on glass surface in the form of benzene emulsion nearly
1-6G or 1-7 units must be deposited on the leaf surface to produce a similar
effect. This is again in close agreement with the chemical recovery
values where only 68:5% of DDT was recovered from the leaf surfaces
when deposited in the form of benzene emulsion by washing technique
(Tables IIT and IX). In other words for every 100 parts deposited on
glass 150 parts of DDT must be deposited on leaf to give an equal effect,
a result which is in close agreement with the values obtained in the
biological tests (1'6 and 1‘7). The chemical recovery values by the
washing techmnique again appear to be related very closely to the
biological values but in the inverse proportion. The product of these
two factors as obtained in the present investigations are as follows :—

Relative potencies of the several preparations as determined by the
chemical and biological tests and the product of hoth the values

TABLE X
Relative recoveries by Product, of chemiecal
Nature of - chomiecel estimation vecovery valua nnd
p o - L. D. 60 L. D. 50
reparation ) ) —_ B
Washing Shaking Washing Shaking
() (2) (3) (4) (3) ()
Benzene emulsion
on glass ... 1-50 1-17 1-00 1-50 1-17
Benzene emulsion ;
on feaf ... 102 < 106 1-63 1-63 172
Dekalin emulsion
‘on leal ... 100 100 1*88 1-88 1-88

Examining statistically the above results (Table VIIT) we have:

Comparison Regression lines are :— P L. D, 500,
Benzene emulsion Y = 2-p82 x + 1:109 1:22—01 0-0321
on glass *(0-0329)
Benzene emulsion Y = 36756 X — 1-323 > 048 0-0526
on leaf _ H(0-0525)
Dekalin emulsion Y = 4938 % — 3748 02 —01 0-0591
on leaf *(00610)

% These are the values actually obtained from the chart by
plotting probits against log. concentration.
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The difference in slope and position when tested gave :—

Treatment compared %S P X P

Benzene emul- /Dekalin emul-
sion on leaf sion on leaf 4735 005 —002% 4291 005 —0-02%

’

Benzene emul- /Benzene emul- .
sion on glass | sion on leaf 27630 < 0:001% 5548 002 —0-01%

Benzene emul- [Dekalin emul-
sion on glass [ sion on leaf 42-690 < 0:001% 17°710 < 0:001*

* Significant.

All ‘the lines therefore, differ in the slope and position which
suggest that an estimate of their relative potencies is not possible. The
line for dekalin cuts the benzene line, which indicates that the reactions
of the deposits are different. The results for benzene and dekalin
emulsion differ significantly though not widely (1:1-12). Also, it is
evident that the deposit on glass is significantly more toxic than that for
the same emulsion on leaf,

Discussion: Reviewing the foregoing results it is seen that the
nature of the surface and the mode of deposition have great influence on
the toxicity of the insecticide. Absorption of the insecticide by the leaf
surface both by chemical and biological tests has been established, This
absorption is maximum following deposition as a solution and least from
a suspension, Comparing similar preparations on glass and leaf, the
recoveries from leaf are roughly two-thirds (66%) of the original amount
deposited, and their relative performances asrevealed by L. D. 50’s
are inversely proportional to the percentage recoveries obtained
by washing procedure. The nature of the solvent used in the
prepavation of the emulsion can influence toxicity to some extent. A
solvent with high boiling point like dekalin gives a less toxic deposit
than' one prepared by using benzene which has a low boiling point.
Broadly speaking, the chemical recoveries are in agreement swith
theoretical considerations, and it would also appear that chey might enable
one to prediet their insecticidal performance. For example if one finds
by analysis that there is a surface concentration of 10 micrograms of
DDT per sq. em., 100% kill of an insect like 2'riboliwm which is killed hy
contact action is certain. Conversely, if a deposit gives a kill of 1009
with Triboliwm in a period of six days the surface concentration
of the insecticide may be assumed to be 10 micrograms per sq. em,
and over.

When examined statistically some resulis were found to be signi-
ficant and some not. Making due allowance for the limitations pluced
on biological tests, it was however found that all results obtained were
in agreement with theoretical considerations. Different preparations
showed different toxicities, but whether their slopes are strietly parallel
or not, and whether any strict comparison could be made will have to
he decided by conducting further work with a variety of preparations and
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insects., The tests conducted in the present investigations were confined
to T'ribolium which is killed by contact aetion, Under such conditions a
preparation made with a solvent having a high boiling point is
less toxic than one made with a solvent having a low boiling
point, The same preparations, however, when used in the case
of caterpillars which are killed by stomack poisoning action also may gwc
different results,

Summary: Comparing the relative merits of recovering DDT when
deposited in various forms by washing and shaking techniques it was found
that mere superficial washing was enough to remove all the insecticidally
useful portion, The recoveries effccted by such a method seem to be
related to the results obtained in the biological tests but in an inverse
proportion. The mnature of the solvent used in the preparation of
the insecticide and the nature of the surface on which the inseecticide
is tested largely influence the insecticidal value of deposits.
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