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TOXIFI'OATION OF PLANTS BY ORGANIC INSECTICIDE~S

Te. N, Koslova, Cand. Agric., and Ye. 1. Dvorpova

(Paper submitted to t'he Plaut Protection Section of the Academy.)

The h"igh toxicity of such modern insecticides as DDT,Ahexachl.orane, "?rOrarat Nqo 47* and thior',os, and their ability
to penetrate into the tissues of plants, * led us to Initiate
certain researches on the toxification of plants.

Experiments in 1950 showed that the insecticide
S penetrates Infto the plant not only when I~t cornea in contact

with the root svstem, but also wh'5a it is put the leave6.
-~Thus, for instance,, filaria introduced along with the soil In

pots were killed by dusting the 1-a,!4 of cabbages planted in
the pots. In the present paper, ve are mainly reporting the
results of experiments on the toxification. of the plants by way
of the r~oots, and only isolated .nstaues will be cited Of
penotration by way of the leaves,

Our first task waa to establish the fuilamental
factors determining the penetration of thot Insecticide into
the pltant and its accumu2'rtion in thae plant tissues. I". th~is
connection, we succeeded, first of all, In establishing that
A-he penetration of the insectiolde -intl -the g~reen parts of the
plant by way of the root system takes plaqa ver'y rapidly. Thus,
for Ins~anoev it was antablished by teats with potted corn
plants that in, fifteleu minutes' time after a single watering
with a 0.0001% solutiou of hexacohiora-ae the leaves of the plant
became toxic, and that a single feeding of these leaves to
larvae of the Asiatic locust results in a mortality of
about 25% of these in~eats.

On the basis of our exp 6riments with different plants,
it may be stated that the Iritial dietribution of the insecti-
oide in the dirffer'ent parts of the plant iu highly non-uniform.

0 Ye., N. Koziova. On the penetratloy., of organic inaecticides
into plant tibaues. Dok. Vass. Ord. Lenina Akad. Sel'sk.
Nauk imarii h. 1. Lonins, No.1 3, 1960.,

0* Loousta iitgmotorta., (Tr.)'



Under laboratory conditions, when wiliow caterpillars
fud witn poplar leaves fromin branches which nad stood ir.) aoueous solutions of1 inSect~cideS, we obt~adned comp'' hf
ferent percentages of mortality with leave s taken from sai':7fer ent
levels on the brai~oh. Tqe lowb-r Leavre8 gave 76.1% uiort~tity,
the rndle leaves 61.7l% and the top Leaves 4s .7%(f42ztr
pil2a- in each group).

When we turned from cut branche-s to whole, no rmally
growing plan+s, we were able to convince ourselves theat thiJs

non-aniformity was connected with the different ag;es of n
various parts of the plant, for i,<_,tance the leaves. T'lhus
observations on the population-diTnamics of peach-aphis*4orn lnrteor
plants (Chinese rose3) given a single watering DDT. soliltion,
showed that in three or foal- days after thio wato-rire, the
toxicity of leaves which were on differei. levels on the plant
at the time of watering finally evened up. Th-decreases in Vte
aphis populations on the upper and !owe-- leaves varied cor-es~-
pondi-gly: after 24 hours these populations were e~ce u5.4%
and 44,Wv res3pectively; after two days, 23.8% and '.2.219; after
three days, 8.>and 91.4%; after four days, 9,0.4,4 and,, 92,5%.
Khw~ver, new i.eaves which grew out exftibited fi lesser degree
of toxicity than the older ones. \Consequentlyv the equali-a-tion
of tne degree of toxicity in the apper and lower leaves may
very probably be explained by the aejing c14 the former. The
most likely assumption is that in the young Eroxing leave& the
molecules of toxic substances are maore quickly b rokcn down
and ccnverted into substances non-poiaonous to insects. Thus
ive arrive at the concent, confirmed lby subsequent experimcnts,
of a continuous de-:struction ofl the piant 3 Intake ofinct-
dide, with the degrec of toxicity of the plant tissues dc t7er,-
mined by the balance between the procesoes of intake a.nd
destruct'lon of insecticide at any given time.

Since the young growing parts oll f-he plant lh&vea
higler activity of biological proctess,7ec, we decidled to fin d
-ut how variation of' the lighting, which determlnAos p ,oto-
synthetic activity, would 2how up in tIhe accumulation of' the
toznic agcnt In. the plbaiL. For th-is purpose, whecat shoots
inifested with peaoh apqia were grown in the dairk and under
artificial light. On the fifth day after an irrigation with
DDT sclution (calculated at 1.2 kg of t!b2c active Prriciple
per hectare), a mairked reduction of the aphid poptilation .

of 1225 insectB) was noted on the plonts in the dark, whileI
th6 insect populatioit on the plants grown under in candescent
lamp,3 (illumination-4,,tensity about 400 luxes) fariled coimpletely,
tu dljfer from the controls.

*This Insect (Rwsslan ttiov'al~a volntraa) h1-as not bfeer "Identl-

, led i thl certei ty by the tranolator. It may be 1P1t'uas a

) b* Ljfjmodue persio at. (Tr. ) I-
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Further confirmation of the relationship betweenQ cuiuin 'tion of the toxic agcat in the plant and the physlo-
qca. ,tivity of the plant was obtaine~d in an expe3riineiit

wiTh corn ohoots (at the stage when the second pair of leaves
were b, 11~n to qzpear.). The experiment was conducted under
greaho,,se conditions with natural lIhting,, the daytime
Irtensity of whIch (from 9 to 19 o'cluck) during the period

of ~eteots (Narch 1 to 5) was 170-200 luxes.

At 9,_'O a~m., au0.1 the plants were irrigated with a
0,,0001% scljtion of texa c', 1orbrie, calculated at 0.75 mg of the
active principle per plant. At different intervals of tiiit-
after- the watering, the first two leaves were taken from a
number- of plants and given as food to AsIatic locust Larvae
in the firFst instar (twenty in each group), which on the suc-
ceu-d'ing days Nero supplied with non-toxic food. T1h e m o rt,: 1. 1 ty
data. thus ob1tained r, with a correction for the mortality of
the conriol ~n~tare shown in Fig. 1. If we coxisider thtat
the 'mortality curve reflects the daily variation in the hiexs-
chlorane racztimulation in thie leaves of the aants, a.e must
recognize that the content of InsectIcide even in the same
1.eave&,: of the: n-lants dIffers with the time of day, and that-1 ring the liay I.Tnmedately after the wate-ing there are hoursI
in the twenty-four when they have no poison in them at all,
or re-tain very little of it. It seems to us highly probable
that the pealrs of the curve correspond to the intensit~y-minima
of the Photocheming! process in the leaves of't the plants. On
the other hand, t those hours of the day when- the said process
is most active in the present expe~iment, at noon), the insec t
mortality curve, and consequently the Ins.ecticide content, falls
to zero. TPhe reguIfir character of the diurnal cycle of toxic
aceuzaulatlon Is fmofired by a second experiment similar in all
respects to the first, which was carried out oin the 12th of
March. The mortallity curve obtained was very like the first
one (except for a -3mall displacement of the peak), and is also
sliown in Fig,!,,

I.n 'tti.. test,, a number of plants was set aside for
an exeddobservation on ',he dyramics of the accu-,i'1ation of
the toxic agent In the leaves. Seven times In th , course of
fifteen days, 6act, tiwtv at 9 a~m. , the first pair of' leaves
was taken from cfortain plants In thiti series and placed for
twenty-f'our hoiirs in insectaria houISing 1oCust larvae (4 groups
of 5 larvae each'. TIhe reSUlt.' obtained (Fig.2) show that
duringT the first five days a giadual accumulation of IrnseCti-
ce.de takes pla-ce in the leaves.

After thnthe toxicity ofl the leaves becomes less
andles eah dy, arnd lIn fift-een days time it c use oly

6. f mo r tA lt y. T"hus we may consider that In this expoariment
the bulk of' t1_ insectlicide introdaceci Into the 6oil I..

wirtering had$ at th c end of 15 days, ueen takon Lip by the plantsI
and, through the efrct of the vital processes of the latter,) had (ceased to exlst Aq P poiaon for Insects.
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The quertion of the intensity of the insecticide

accumulation in the plant and the acrAtion of the toxic period
are questions of paramount importance for the application of
the method of toxifying plants tnrough the soil.

Under natural conditiona, however, the dynamics of the
poison in the plant bec ,es 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 "beet-bugs" * were placed on
§ugar7 beetshot3 (Krasnodar Territory), the following morta2i-
ties wpre observed on the next day: With seeds planted after a
24-hour sbakinginhexachlorane solution, 31.2%; with seeds
planted after dust'ing 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
in a number of other tests are given in Table 2 and Fig.3.

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

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 largze amount of factual material
obtained through the efforts of various research organizqtions
in 1950 on the toxification of grain plants with hexachlorane
as -rotection against the 3wedish fly.** The possibility of
using very small quantiti of insecticide for tie toxification
of planited seed, for instance 1 to 1.5 kg of 12% hexachlorane
powder to dust 100 kg of seed grain, Justifies our regaraing
this method as the most applicable for wide practical employment.

The importance of norms for the amount of insecticide
used will be seen from the data presented in Fig.3 (curves of
mortality of spider mite *'* on leaves of cotton plant as a
result of a siigle irrigatlon with insect.cide solutions of
three differeit concentrations); Zalso from data re the effect,
on eurygaster and the Aiiati- locust, of a pre-seeding appli-
cation of hexachlorane to th' sil, in doses of 10 to 20 kg per
hectare (Table 2), and so forth.

* Poeotooseytua cognatuB. (Tr.)

"*Oaotnoso,a 1'rtt . L. (Tr.)

** Rpttetranjohua bt maoats . Hanst. (Tr.)
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/
/ An exceedingly important factor in the duration of

toxicity of the plant for insects is the relative stability
of the insecticides themselves during the time they are in the
soil and in the plant tissues. Fox, 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 with insecticide solutions of concentration
0.0015 (these dilutions were produced by the use of inter-
mediate solvent OP-7). As is seen in Fig.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 the fifth day after frrigation; that is, after
five or ten days the plants became less toxic to t'r. insects.

In our very first experiments on the to-<ification of
plants we established the great importance of soil humidity for
the acc;._s cf the insecticide to tho root 3yster' _f the plants.
In this connection a great deal of inforiaticn is yiolded by the
analysis of matrial obtained in the work carried oat in 1950
by the Plant Protection Stations and Centers of the Al--Union
Institute of Plant Protection, or tVie use of 1_xachlortnc in
combatting the Swedish fly. It was found that in geographic
zones where there is abundant precipitation during the one to
one-and-a-half months after tne sowing of early crops, toxif i-
cation with hexachlorane as a rule protected the planted crops
from the depredations ,f the Swedish fly, and in cont,,ast,
when there was little precipitation the hexachilorane toxic
effect, exLrted by way of the plant, was completely absent.

On this baats we may consider that the mcst favorable
conditions for developing a toxification of plants should be
found in regions where lrriiation is uses in agriculture. The
firtt orienttion-experiment under such conditions was organized
by us in 1950, using T)DT preparations, hexachlorane, No. 47
and thlophos on cotton plant3 during the fourth or final
irrigation (Azerbaidjan SSR, Mugan Land-Improvement Research
Statiol.). The insecticides were used Ii the fcrm of solutions
with concentrat.ionb 0,00 , 0.001 ard C.0015i, with the

orAlinary normal irrigation of 800 cu.rn. per hectare. OP-7 Was
used as the intermediate solvent, in a calculated dosage of
0.0%1. The results obtained are shown in Table 1 and Figs. 3
and 4.

o - -



4~"

30i-
Iz

1 I -!

Fig. 3. M1ortality~ of spider-mite, %

40-~ T-0

2 3 4 5 6 7 s 9 !0 i2 3 ;4 ;5 6 7

I xM*4. or t IIt v of Rpilde. site, tabulated bv~ dt'.'n.



Table 1

Content of Reduction Mortality ih

insecticIde in numbers corre ostion
Insecticide in of cotton fox controls).

irrigation aphis * in Cwater 17 I days ()cobweb CJaterpilars
Mite of cotton

after stem.-borer *4
17 days (3rd instar),

after 5 days !

DDT
(technical) 0.0015 69.7 49.5 50.0

Iexachlorane
(technical) 0.0015 52.e 45°9 35.6

No.47
(technical) 0.0015 7111 38.8 15.7

Thlophos
(technical) 0. 0015 38.6 38.8 4.7

Since there were no steri-borer caterpillars in the region
where the tests were conducted, an artificial infestation
was carried out on the tenth day after the irrigation, with
gauge screens used for isolation purposes.

Corsidering that the tests were conducted during the
period least favcrable for toxificatlon cperations (from
August "'! to September 8), we may conclude that the use of
insec .Icldes at the proper time (diring the first Irrigations
of the cotton) would guarantee us a great reduction in the
insect population.

The data obtained perrrlt us to consider tia-. all the
insectlcices tested possess the ability to penetrate through
the root system into the tissues of the plants, an are activeintestnlr 1L'

iina poisons for all three of the insects in t", .xpCri-
Ment. Among the preparations applied, the most universal
effect is shown by DDT, vhich had the greatest efficacy against
all three of the pests.

Comparison of thle data for the tfirce Inincts In
Table I shows that the cottorn aphis und the spider : ute are
more sensitive to all four of the preparations than the cotton

4 Aphis Jr ke Kalt. (go8;pt OGlov.) (Translator.

"" Chlorid-ea obeo~et F. (Translator.)



stemn-borer caterpillars; that ia, frpai *he data obtained we ma~y
ccnclude tL-ha+ the sucking insec-ts are, more sensitive to the

intestinal action of organic preparations than the chewing
insects. This conclusion finds rupport in experiments in whichi
beet plants were toxified with %~eat bags"~ and "beet weevils".0
In all variants off the experiment, 100O% mort& ,ity of the beet
bug was secured by the third day. In contrast to this, the
highest weevil mortality was only 66.7% on the seventh day,
even, in a test with 90 kg off inaecticide applied per heztare
off ground.

Results of plot tests on wheat toxified withi hexa-
chiorane are also in complete agreement with the theory as
stated above.

When the insects were placed on the plants, the larvae
and adults of Surjjgcstor trntergrtoeps Put. were in first and
second place as regards mortality; for the Asiatic locust the
percentage of mortality was conaiderably Less. Thus, for
instance, in a version of th experiment in which dusting of
the seed was employed, the toxification of the plants pro-
du~zed the following -ffects: decregge in numbers of eurygzister
larvae, 67.5%; mortality of adult eurygpqter, 50%; of the
Asiatic locust larvae, 42.8%.

Along with the dissimilaiviti.,.s in group resistance
associated with the manner in which the insects feed, we must

asO ta ke Ito considerat'lon differ:,aces of species arld agt-
in the res! int Insects. When various caterpillars were- fed
on -'~L-r qnl apple branches, both of these with their 2nds

imersed in the same solution, on the twenty f~fth dav the
mo-o:'tlity figure for willow caterpillers was 60 O, for brown-
ta!Ied moth caterpillars * 29.2*,, and for the te-nt caterpillars,
I6.. Moreover irn this test the2 willow-caterolllar was most
sensitive to "Preparat No.4 7", 'hletiie tent ctaterpillar whs
most se-nsitive to the action of hexachiorane.

.7xdmination of the dath from thiG .3e tion -f ',,.
exp erimnents shows that the toxificatiori of pla s's b e
effected with that inatcticide which is z~o~ ac'.ve iltte
insect (or group of Insects) !or which, it . :::;oe
at as early as possible a stage in the ofeo~ a
insect (or insects), Even when these tkrr2 tiw
ever, the toxification method does not tgUardanteeeCsans
all Insect pests. With the exclusively In- s alo~n
characteristic of this method, insects wlhIch tire very roli
tant to a given insecticide can scarcely be de stroyeJ. bty th-e
extiremuly smnall d080s Of the toxic agent which -.ay DeInro
duced Into their o-ganisu from tie t~siues of the food-plant.

*N~gt phaeorrhoea. (Tr.)
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Nevertheless the employment of insecticides by the
plant toxification method considerably enlarges the possibilities

of the new organic poisons in the combatting of a large group
of sucking insects, including those the integuments of which
are not very penetrable to the contact-action of, for example,
chloro-organic compounds. Not only in connection with certain
species of aphis, phytophagous bugs and the cobweb JLte, but
also against such targets as scale-insects of the Lecaniurn aud
A3pidlotus species we have secured, under laboratory conditions,
mortalities of 90% and over by means of plant toxlfication.

it was of considerable interest to us to demonstrate
the practicability, 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, Krasnodar Territory, on the hexachlorane toxiflcatior.
of early wieat by way of both pre-seeding and postgerminal
treatment,

Seeding was carried out on the 22nd of April, that is,
later than the usual seeding time. Shoots were seen the 1st of
May. For the postgermina. -cperi,ts, the soil was treated
with the insecticide preparation on the 7th of May. in the
period between seeding and germination, the area was ir-igated.
Fifteen days after the appearance of the shoots, e__ygaster
eggs were placed on the plants, and after 25 days adult insects,
caught in the field, were placed in cages on the plants in the0test plots. The results of the population-counts of larvae and
adults on the 8th June, that is on the 12th day jfter intro-
duction of the adult insects and the 22nd after that of the
eggs, are shown in Table 2. For comparison, we also show the
mortality figures for larvae of t e Asiatic locust (first instar)
fed with shoots from the treated plot,3.

The data in Table 2 show that the toxification of
the plants with hexachlorane led to a very considerable per-
centage of destruction of both the larvae --d the adults 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 show the mortalities for larvae in
the first, second and third instar, fed on cut wheat plants
standing in an aqueous DDT solution.

o-8.
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Table 3

No. of

Subjet inscts ortality 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 ............ 418 44.5 78.4 86.5

instar II ............ 165 43.0 53.8 61.8

Instar III ........... 175 0.0 20.8 -

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 a key to the reasons for the prolonged
toxic effect of DDT when used in the ordinary manner against

O this insect pest.

In our tests, carried out 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 oil were tried out against eurygaster on the shoots
of grain plants. Use of aerosols under the said conditions
gave practically no results; the mortality of insects did not
exceed i0% (Table 4), and after the treatment the number of
insects in the test plots (with the exception of one plot) wats
greater than for the controls.

We suggest that the observed reduction in the number
of larvae is mainly 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 +I- numbers of eury-
gaster larvae, amounting to as much as 97.4%, 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 insecticideon the numbers of the succeeding generation, by way of plant
toxification, may be regarded as an indirect "delayed action"

c:'f organic insecticides. The data obtained give us grounds
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for supposing that when organic insecticides of high toxicity
are used in any form and according to any method of combatting
the insect pests of different crops, it is always possible to
have the effect increased to some extent by the quantity of
poison which is taken up in the tissues of the plants.

This "delayed action" of plant toxification and the
additional effect which it produces may in some cases be of
real practical importance, as for instance in combatting
eurygaster.

In the carrying out of our experiments, it was
revealed that the use of insecticides for toxification of
pla,ts against pests simultaneously brings about an intensi-
fication of the growth-processes of the plant. This appears
from the data cf Table 2, from our field observations 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 obtained by numerous research scientists on
the pre-seeding application of hexachlorane for the protection
of seeded grain crops against the Swedish fly, and so forth.

These observations all give us grounds Afor supposing
that the toxification of plants With organic insecticides and
the above-mentioned stimulating effect are both due to one and
tha same cause, namely the penetration of insecticide into the
tissues of the plants.

All-Union Research Institute
of Plant Protection. Received March 11, 1951.
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