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Translated from Deok. Vsea. Ord. Lenina Akad. Sel'skokhozlaistvennykh

Hsuk Tmeni V I. Deniwn: {Lenin All-Unlon Academy of Agriculturel
Belences), 1962, 4, 41-48.

TOXIRISATICON OF PLANTS BY ORGANIC INSECTICIDES
Ye. N, Kosglova, Qand. Agric., and Ye. I. Dvorgova

(Paper submitted %o the Plaut Protection Sestiom of the Academy. )

The high toxicity of such modern insecticides as DDT,
hexachlorane, "Preparat FNo. 47" and thioptos, and their abilisty
to penetrate {nto the tissues of planis, ® lod us to initiate
certain researches on the toxification of plants.

’ ~1

Experiments 1a 1880 showed that ithe insecticide
penatrates infe the plant not ¢nly when it comes in contact
with the root system, but also wisa it is put o. the leaves.
Thus, for instance, filaria introduced along with the soil in
pote were killed hy dusting the “aavas of cabhages planted in
the pots, In the present paper, we are mainly reporting the
rogults »f experiments on the toxification of the plants by way
of the roots, snd only lsolated instauces will ve clted of
penatration by way of the isaves.

Cur Cirst task waa to egtabiisk the fundamental
factors determining the penetration of the insecticide inte
the plent and its accumulation in the plant tissues. Ia this
connection we succseded, first of all, in eatablishing that
“he peneiration of the insecticide iniq the Sreen parts of the
plaat by way of the root system takes plage very rapidly. Thus,
for insiance, it was sstablished by teeta with potted corn
plants that in fiftesn minutes' time after a single watering
#ith a 0.0001% soclution of hexachloranme the leaves of the plant
became toxio, and that a single feeding of thess leaves to
larvae of the Asiatic losust #% results in & mortality of
about 2564 of these insects.

On the basls of our experiments with Adifferent plants,
it may be stated that the initial dietridvution of the insecti-
¢idoe in the different parts of the plant i highly non-uniform.

n———

* Ye. N. Kozlova. On the pepetration of organic insecticides
into plant tissues. Dok. Vees. Ord. Lenina Akad. Sel'sk.
Nsuk imeni Y. I. Lenina, No. 3, 1950.

¢¢ Looueta migratoria. {Tr.)’
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Under lsboratory conditions, when wiliow ceterpillars * warcs 5
) fed with poplar leaves from bramches which nad stood ir : '
i aguecus solutions of Insectiicides, we obtained comoLezeiv dif-
B ferent percentages of mortelity with leaves taken from aiflfersnt
1 levels on the branch. The lowsr leaves gave 76.1% moretziity,
the m° *dle leaves 61.7% and the fop leaves 49.7” (¢f 42 cater-
pillars in each group).

When we turned from cut branches %o whole,
growing plants, we were able to convince ourseives ths
non-aniformity was connected with the different ages
various parts of the plant, fcr il..atance the leaves., Thus
observations on the population-dymamics of yuanh~&ph g% ingaor
plants {Chinese rose3) given a single wa+tering 0T solution, ‘
ghowed that in three or four days after this wstering, the I
toxicity of leaves which were on different levels on the plart
at the time of watering rinally evened up. The dezreases in ihe
aphis populations on the upper and lower leaves varied cores—
pondi-gly: after 24 hours these populations were dscreassa 5.4%
and 44.8% reapectively; after two days, 23.8% and 52.2%; after
three days, 82.7: and 91.4%; after four days, $2.4% snd 92, 5%,
Lowever, nex lcaves wnich grew out exhibited o lesser degres
of toxicity than the olider ones. Consequentiv the equalization
of tne degree of toxicity in the cpper and lower leaves may
very probebly be ~2xplained by the aging ¢f the former. The
most likely assumption is that in the young srowing leaves the
molecuies of toxic substsnces are more gquicxkly broken down

) and ccnverted into substancecs non-polisovnous to insecis. Thus
we arrive at the concept, confirmed Ly subsequent experiments,
of a centinuous destruection of the plant’s intake of inzscti-
clde, with the degree of toxicliy of the plant tissues deter-
mined by the halarice betwsen the procesaes of Intake and
destruction of insecticlds at any gliven time,.

Py
LG

Since the young growlng parts of the plant have a
higher activity of biclogical processes, we Jecided to find
cut how variation of the lighting, which determincs photo~
synthetic activity, would chow up in the accumuletion of the
toxic ageont in the planv.  For this purpose, wheat shootis
infested with peach aphls were grown in the duark and under
artificial light. On tne fifth day after an irrigation with
DDT sclution (calculated at 1,2 kg of tho active principle
per hectare), & marked reduction of the aphid population (50.3%
of 1225 insectis) was noted on the plents in the dark, while
the insect population on the plants grown under incandescent
lamps (i11lumination-i.tensity about 400 luxes) failed completely
to diSfer from the controls.

- m——

* Thisg insect (Kussian tvowvaya voinianke) has not beer identie~
fled witih certeinty by the translator. L may be Plugsia
saulloia.
\ .e Il ) )
/ ae fysodes peraiocae., (Tr. )




Further confirmation of the relationship between
wnalatlon of the toxie agent in the plant and the physio-
1 cad wetivity of the plant was obtained in an experiment
¢! c:rn shoots (at the stage when the second pair of leaves
e prginning to sppear). The experiment was conducted under
greeaz~"sﬂ conditions with natural lighting, the daytime
intensity of which (from 9 to 19 o'cluck) during the period
af ihe tests (Wareh 1 tc 5) was 170-200 luxes.

t .00 a.m., 811 the plants were irrigated with a
0.,00C1% SULJt‘un of hexachlorane, calculated at 0.7& mg of the
sctive principle per plant. At different intervals of tiue
after the watering, the first two leaves were taken from a
number of plants aend given as food to Asiatic locust larvae
in the Tirsi 4instar (twenty in eaeh group), which on the suc-~
cecding days were supplied with non-toxice food. The mortolity
data thuz obtsined, with a correction for the mortality of
the control ir ;bcts, are shown in Fig.l. If we consider that
the mortality curve reflects the dully variation in the hexs-
chlorane asocumulation in the leaves of the .ants, we must
Pecognize that the content of insecticide even in th: same
leaves of the nlants differs with the time of day, and that
tuaring the days immnedfately after the watering there are hours
in the tweniy-four wnen they have no poison in them at ail,
or retain very little of 1t, It seems to us highly probable
that the pes¥s of the curve correSpond to the intensity-minima
of the photochemirsl process in the leaves of the plants. On
the other hand, st those hours of the day when the said process
is most active {in the present experiment, at noon), the insect
mortality "lrvu, and consequently the inscecticide content, falls
to zzro. The regular charascter of the diurnal cycle of toxic
sccumilation is wonfirmed by a second experiment similar in all
respects to the {irst, which was carried out c¢n the 12th of
March., The mortality curve obtained was very like the first

one (except for a small displacement of the peak), and is also
shown in Plg.i.

=

A

Iin tiig test, a number of plants was set aside for
an extended observation on the dyramics of the accumirlation of
the i1oxie agent in the leaves. Seven times in thy course of
fifteen days, esch time at 9 a.m., the first peir of leaves
was taken Urom cerisin plants in this series and placed for
twenty-"our hours in insectaria housing locust larvae (4 ZToups
of 5 larvae each). The results obtained {(Fig.2) show that
during the first five davs & gredual accumulation of insecti-
cide takes plece 1in the leaves,

After this, the toxicity of the leavesg becomes less
snd iess eacn day, und in fifteen days time 1t cuauses ouily
6.7 mortulity. Thus we may consider that in this cxperiment
the bulk of t» insecticide introduced into the s0il 1.
witering hed, at the ond or' 15 days, veen taken up by the plants
end, threugh the eftect of the vital processes of the lattur,
had ceased 1o exist an » poison for insects.
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The quertion of the Intensity of the insecticide
accumulation in the plant and the auration of the toxic period
are questions of paramount importance for the application of
the methol of toxifying plants through the soil.

Under natural corditions, however, the dynamica of the
polson in the plant bec. nes a much more complicated process,
dependent on a whole complex of factors. Of outstanding
significance among these factors are the degree and duration of
contact between the root system and the insecticide, these factors
in turn beirg determined by the methods of applying the insecti-
cide and the dosages. Thus when '"beest-bugs" * were placed on
/sugar/beat shovta (Krasnodar Territory), the following mortali- ‘
ties were observed on the next day: With seeds planted after a . !
- 24-hour sbaking in hexachlorane solution, 31.&%; with seeds
planted after dusting with hexachlorane nowder (3.4 kg per
100 kg), 62.5%; with hexachlorane introduced into the soil
(90 kg per hectare), 68."7%. Data of the same nature obtained ST
in a number of other tests are given in Table 2 and Fig.3. SR

According to our tests, the dntroduction of the
insecticide into the soil guarantees, as a rule, the greatest
degree and duration of plant toxification.

Nevertheless, for purposes of controlling a large
number of harmful insects infesting the early vegetative phases
of food plants, entirely satisfactory results may be obtained
by sowing seed dusted with the insecticide. This appears from
the example just cited (the rendering of beet plants toxic for
"beet bugs"), from the data of Table 2 on the experiment with
early wheat, and also from a large amount of factual material
obtained through the efforte of various research organizations
in 1950 on the toxifilcation of grain plsnts with hexachlorane
as rrotection against the Swedish fly.** The possibility of
using very small quantiti. of insecticide for the toxification
of plauted seed, for instance 1 to 1.5 kg of 12% hexachlorane
powder to dust 100 kg of seed grain, Justifies our regarding
this method as the most applicahie for wide practical employment. N

The 1importance of norms for the amount of insecticide
used will be seen from the data presented in Fig.3 (curves o?f
mortulity of splder mite *#4% on leaves of cotton plant as &
result of a stugle irrigation with insecticide solutions of
three differcent concentrations); also from data re the effect,
on eurygaster and the Aslati: locust, of & pre-seeding sppli-
cation of hexachlorane to the 5311, in doses of 10 to 20 kg per
hectare (Table 2), and so forth.

*  Poeoilosoytus oognatus. (Tr.)
** (Ogoinosoma srit. L, (Tr.)

*»* Epitetranyohus bimaculatus -, Hanst. (Tr.)
04-




combatting the Swedish fly. It was found that in geographic

An exceedingly important factor in the duration of
toxicity of the plant for insects 18 the relative stability
of the insecticides themselves during the time they are in the
s0il and in the plant tissues. For examples we refer the

reeder to the day-by-day mortality curves for snider-mite on
cotton plants, curves obtained in plot-experiments on the
irrigation of plants #ith insecticide solutions of concentration
0.0015 (these dilutions were produced by the use of inter-
mediate solvent OP-7). As is seen in Pig.4, the mortality of
the insects from DDT and hexachlorane gradually increases over
the whole of the period considered. On the other hand, when
thiophos and "Preparat No. 47" were used, the mortality reached
its maximum by ithe fifth day after {rrigation; that is, after
five or ten days the plants became less toxic to tro insects,

In our very first experimente on the toxification of §
plants we established the great importance of scil humidity for !
the acccos ¢f the insecticilde 4o the rootl systenm ¢f the plants,

In this connection a great deal of informaticn is yielded by the a
analysis of ma*erial obtained in the work carried out in 1950 -
by the Plant Protection Stations &nd Centers ¢f the All-Union '
Institute of Plant Protection, or tie use of nexschliorunc in

zones where there is abundant precipitation during the one to
one-and-a-half months after the sowing of early crops, toxifi-
cation with hexachlorane as a rule protected the planted crops
from the depredations f the Swedish fly, and in contrast,
when there was little precipitation the hexachlorane toxic
effect, exerted by way of the plant, was completely absent.

On this Vvaais we may consider that the mecst favorable
conditions for developing & toxification of plants should be
found in regions where irripation is usea in agriculture. The
Tirst orientation-experiment under such conditions was organized
by us in 1950, using DDT preparations, hexachlorane, No. <7

and thiophos on cotton plants during the fourth or final
irrigetion (azerbaidjan SSKR, Mugan Land-Improvement Rescarch
Statinn). The insecticides were used in the fcerm of solutions
with concentrations 0,000.5, 0.00) and C.0015%, with the

ordinary normal irrigation of 80C cu.m. per hectare. OP-7 wus
used as the intermediate solvent, 1n a calculated dosagze of
0,0:%., The results obtained are shown in Table 1 snd Figs. 3
and 4.
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Content of  Reduction Mortali:y (wlth
insecticide in numbers correction \
Insecticide in of coutton for controls).
irrigation aphis * in c ~ 5
- obweb Caterpililars
water (%) 17 days (%) “yii. of cotton
after stem~borer *+
17 days (3rd instar,
after 5 dayvs
DDT
(technical) 0.00156 69.7 49.5 50,0
gexachlorane
(technical) 0.00156 52,8 45.9 35.6
No.47 .
(technical) 0.0015 71,1 38.8 15.7
Thiophos
{technical) 0.0015 38.6 38.8 4,7
+

Sinc= there were no sten~borer caterpililars in the region
where the tests were conducted, an artificial infestation

was carried ocut on the tenth day after the irrigation, with
gauge screens used for isolation purposes,

Corsgidering that the tests were conducted during the
reriod least faveravle for toxification cperations (from
August 21 to September 8), we may conclude that the use of
insecyicidea at the proper time (during the first irrigations
of the cotton) would guarantee us a great reduction in the
insect population.

The data obtalned permit us to consider ¢
insecticices tested possess the ability to penetrat
the root system into the tissues of the plants,

hai all the
e through

ani are active
inteetinal polscns for all three of the insects in the experi-

ment. Among the preparations applied, the most universal

effect 18 shown by DDT, vhich had the grestest efficacy sgainst
all three of the pests.

Comparison of the dats for the ithrce insectis in
Table 1 shows that the cotton aphis wnd the spider z
more gensitive to all four of the preparations than

* Aiphls Sraongulue Kalt. (goesypii Glov.). (Treanslator.)

** Chloridea obsoleta P. (Translator.)
-6 =




stem-borer caterpillars; that ia, froa the data obtalned we may
ccnclude that the sucking insests are more sensitive to the
intestinal action of organic preyaratlona than the chewing
insects. This conclusicn finds gupport in experiments in which
beet plants were toxified with #gaet bugs"” and "heet weevils",
"m all variants of the experiment, 100% mortslity of the beet
bug was secured by the third day. Ian contrast tc this, the
highest weevil mortality waes only 66.7% on the seventh day,
even, in a test with 90 kg of insecticide apylied per hectare
of ground.

Results of plot tests on wheat toxified with hexa-
chlorane are also in complete agreement with the theory s&s
stated above,

When the insects were placed on the plants, the larvae
and adults of BSurygaster intergriceps Put. were in first and
second place as regardse mortality; for the Asietic locust the
percentage of mortality was considerably less. Thus, for
instance, in a version of the experiment in which dusting of
the seed was employed, the toxification of the plants pro-
duced the fcllowing ~ffects: decresse in numbers of eurygaster
larvae, 67.5%; mortality of adult eurygester, 50%; of the
Aslatic locust larvae, 42,

Along with the dissimilariti@s in group resistance

assnciated with the manner in which the insects feecd, we must
also take into consideration difrerconces of specles and age
in the resi.tant insects, When various caterpillars were fed

on voplar and apple branches, both of these with their ends
immersed in the same solu*ion, on the twenty fifih day the
mortality figure for willow caterpillers was 60.3%, for brown-
tatled moth caterpillars * 29.2%, and for the tent caterpillars,
16,7%. Moreover in this test the willow-caterpillar was most
sensitive to "Preparat No.47", while the tent caterpillar was
most 8enslitive to the uaction of hexachlorane,

Zxamination of the data from this section of tio
experiments shows that the toxification of plunts shoule be
effected with that inaecticide which 1s wost actiive sgulnst o
insect (or group of insects) for which it is uuved, und moreove
at as Darly as possible a stage in the development of hils
insect {or insects). ZXEven when these conditions ure met, now-
ever, the toxification method does not gusrantece suce
all insect pests, With the exclusively intestinal aot
characteristic of this method, inssects which are ve“" resic
tant to a given insecticide can scarcely be destroyed by the
extrenmely smnall doses of the toxic agent which ..ay ve inir
duced into their organisw from the “lssues of the food-plant.

+
L

vy @

s

¢ Nygmia phasorrhoea, (Tr.)




Neverthéless the employment of insecticides by the
plant toxificastion method considerably enlarges the possibilities
of the new organic polsons in the combatting of a large group

of sucking insects, including those the integuments of which

are nct very penetrable to the contact-action of, for example,
chioro-organic compounds. Not only in connection with certain
speclies of aphis, phytophagous bugs and the cchweb mite, dbut

also against such targets as scale-insects of the Lecsnium and
Aspiciotus specics we have secured, under laboratory counditions,
mortalities of 90% and over by means of plant toxification.

It was of considerable Interest to us to demonstrate
the practlicability, in principle, of using plant toxification
against such an important pest as eurygaster. With this in

view, we arranged certain small-scale plot-tests in Slaviansk
District, Krasnodsar Territory, on the hexachlorane icxification

“ilda

of early wheat by way of both pre-seeding and postgerminal
treatment,

Seeding was carrled out on the 22nd of April, that is,
later than the usual seeding time. -  Shoots were seen the 1st of
May. For the postgermina. -~xperincmits, the soll was treated
with the insectlicide preparai.ion on the 7th of May. In the
period between seeding and germination, the areca was irrigated.
Fifteen days after the appearance of the shoots, e..ygasier

eggs were placed on the plents, and after 25 days adult insects,
caught in the field, were placeé in cages on the plants in the
test plots. The results of the population~counts of larvae and
adults on the 8th June, th.*% is on the 12th day af'ter intro-
duciion of the adult insects and the 22nd after that of the
eggs, are shewn in Table 2. For comparison, we also show the
mortality figures for larvae of thrs Asiatic iocust (first instar)
fed with shoots from the treated plots.

The data in Table 2 show that the toxificstion of
the plants with hexachlorane led to a very considerable per~
centage of destruction of both the larvae =nd the sdults of
eurygaster, in all the variants of the experiment.

In a later series of labo.atory experiments it was
established that DDT too is an intestinal poison for eurygaster,
but one which is, however, somewhat less active than hexa-
chlorane. Tn Table 3 we shnw the mortalities for larvae in

tke first, second and third instars, fed on cut wheat plants
standing in an aqueous DDT solution.
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Tavle 3

No. of ( %
Mortality of larvae (in
Subject insects with correction for con-
in ¢t st trols).
After 2 After 4 After 5
days .days days
Eurygaster larvae .
Instar I .sieevcceancs 418 44,5 78.4 B6,.,5
Tnetar JT .cececevccoe 1656 43.0 53,8 61.8
IDS?’;&I‘ III ¢t T e e 90 vt oo 175 0.0 20a8 -

DDT and hexachlorane, in those quantities which
penetrate into the tissues of "toxified" plants, have an
intestinal action on the larvae of eurygaster; the establish~-
ment of this fact gave us & key to the reasons for the prolonged
toxic effect of DDT when used in the ordinary manner against
this insect vest,

In our tests, carried ocut at Kuban in conjunction
with a crop protection field-expedition during the period
from the 10 to 20th May, 1950, aerosols of DDT solution in
petroleum o0ll were tried out againet eurygaster on the shoots
of grain plants. Use of aerosols under the sald conditions
gave practically ao results; the mortality of insects did not
exceed 10% (Table 4), and after the treatment the number of
insects in the test plots (with the exception of one plot) was
greater than for the controls.

We suggest that the observed reduction in the number
of larvae 18 malnly due to the toxification of the plants with
the insecticide which penetrates into the plant tissues and

persists there at least until the mass hatching of larvae of
instar I.

A very striking reduction in the numbers of cury-
gaster larvae, amounting to as much as $7.4%, was also
observed in tests on combatting eurygaster by dusting with
DDT; tests carried out in Krasnodar and Stavropol Territories.

The effect of earlier applications of the insecticide
on the numbers of the succeeding generation, by way of plant
toxification, may be regarded as an indirect "delayed action"
cf organic insecticides, The data obtained give us grounds

- Y -




. R,

) |
: - | T8N m 9L°2 0°0 - Tesjuon | B4 g | !
| ! TonJ Tisa1q UT A :
* 1L°0 aUeJOTYOEXIY |~
L 1i , 9 €1 £ ¢ 0°0T +L0° T %01 pue 144 #St By 9T i . £107TJ13] Jepou
; m : i -sexy ‘1oTJ3STC
| . e Hmmmﬂam ! ysueTARTS ‘z0Y
p €S m 2 22 FASA 9°& §5°0 ¢ ut IQQ 0T’ 'Y @1 -3{TOX% UTT®3S
_ m ay; Jo oped
_ ! 19ng T8se81q . . o -Tag puocoss
"o m g°g2 9T° "N €L €50 ut 1ad RONw By 1 AeR 1T ‘ﬁ fipoym JBJUTM
| | Teng {ss91Q | ;
€L wes b et | 0 62°0 | uT 1aa moﬂw By N Aeq AH*
' : ., “
usW | L uotyeInged | uocTIeTnNge}
~1B31% J21JE juauealy - Jo Lep uil I Lep
sfep QN 01 §f ; 193J% skep 0%, 03 yag ue yal 03 § | (ey/3y) ardro .
‘3 ut omthﬂm 7 6¢ “*uw *bs *ruw *bs xad | 8u3 wo g ur| -utad aarioe 1 s3otd |
;0 mpmnsdcw Jad seagel ﬂ $90°2SUT | 8928SUT }TNP® o uorjedr{dde uotjesedsad M 3594 _ TUBLIBIID. hpﬁﬁmwwﬁ ¥
Jo uotliompay | Jo Jaqumy W Jjo umnssz\m jo %uﬂﬁm»hoﬁw J0J wIoN apToTy0asul | JO muwm« Jo sa3e(Q pue 0
_ !

N a1q®l




for supposing that when organlc insecticides of high toxicity
are used in any form and according to any method of combatting
the insect pests of different crops, it is slways pecssible to
have the effect increased to some extent by the gquantity of
poison which 1s taken up in the tissues of the plants,

This "delay=d action" of plant toxification and the
additional effect which it produces may in some cases be of

real practical lmportance, as for instance in combatiing
eurygaster,

In the carrying cut of our experiments, it was
revealed that the use of insecticides for toxificsation of

 pladls against pesis simultaneously brings about an intensi-

fication of the growth-processes of the plant. This appears
from the data ¢f Table 2; from our field cbservations on the

development of beet-plants under the influence of DDT and hexa-

chlorane introduced into the soil, and from a great amount of
factual material cbtalnedé@ by numerous research scientlists on
the pre-seeding application of hexachlorane for the protection
of eeeded grain crops against the Swedish fly, and so forth.

These observations all give us grounds Jor supposing
that the toxification of plants with organic insecticides and
the above-menticned stimulating effect are hoth due to one and

the same cause, namely the penetration of insecticide into the
tissues of the plants.

All-Union Research Institute
of Plant Protection. Received March 11, 195i.




