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for the control of hortlcultural insects and diseases.
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tion and the application of insectlcides to infested trees and shrube.

In January, 1942, he enlisted in the United States Army Alr Force. His
army service continued until Mmbw, 1945, After his discharge from the
Army, he enrolled at Oklahoma Ae and M. Dollége where he majored in Entomol=
ogy in the schnol of Agriculture. He received the Bachelor of Science de-

gree in “ay, 1948,
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PREFACE

During June, 1948, this problem concerning the translocation of insec-
ticides was selected as the basis of my research for mu work directed
toward the degree, Master of Science in Entomlogy, at the Oklahoma A. and M.
College.

The physiological effecte of some of the newer organic insecticides
upon the plant growth as well as the insecticidal action upon insects feed-
ing on plants grown on soil which previously had had the insecticide applied
to it have been problems of interest to the writer for some time. It had
been previously shown that certain inseccticides are absorbed through the
roots and translocated throughout parts of the plants, and it has been my
desire to carry out similar experiments using some of the newer insccticides.

I am greatly indebted to Dre. R. Ges Dahme, the supervisor of these
experiments, for his profitable suggestions concerning the techniques used
in this research, for the use.of his equipment and greenhouse space, and his
mat constructive criticisms concerning the work performed in the experiments.
and in the writing of the thesis.

I am also indebted to Dr. Donald Ashdown and Dre. Charles !l. Brett for
their constructive criticismes on the work done on the problem and the prepa-

ration of this thesis.
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INTRODUCTION

Indirect insect control by the application of insecticides to the soil
in which plants are to be grown is a relatively new phase of entomlogye.

F‘l‘h_.ﬁappliution of sodium selenate to the soil in 1956 (2) was probably
the first raeord:dJ;mhnoe of 1!3901'. control by this mat-}wd. This procedure

and i.macticlde. even though it was the ear;t nppromhﬂby solil applieation
to preventing inscet damage, is still in use today.

Recently, several new organic insecticides have been developed, a few
of which, if applied to the soil, arfg_g_t:aorbod through the roots of plantas
and are translocated to parts of these plants. ' '

’l‘hoautI'nr;oom interested in the effect insecticides added to the
s80il had upon the germination of seeds and subsequent growth and vigor of
plants grown in such treated soils. - '

Experiments were carried out o determine vhether certain insecticldes
applied to the snil were absorbed and translocated in sufficient quantitlies
to control insects feeding on the leaves of the plants.

The greenbug, Toxoptera graminum Rondanl, was used in these tests. This
aphid 18 of major ecomomic importance on small-graine in Oklahoma. Ward
barley (CeI. 6007) was used as the host plant. This is a variety which is
very susceptible to greenbug damage and is one of the leading winter barleys
grown in Oklahoma,

Preliminary exp&imta wero undertaken to determine which of the nower
insecticides were translocated; which, if added to the soil, did mot result

in injury to the plant; and which possessed insecticidal properties.

"Nl.mbar- in parenthesis refer to Literature cited, page 28.



The firet pottion of "Results” will indicate the data obtained from the
preliminary exporiments.
The remaining portion involves the use of one insecticide, pnraﬁ:ion,

0, o=diethyl o=p~nitrophenyl thophosphatee=

REVIEY OF LITERATURE

The first report of inmsect control by the application of chemical com=
pounds to the soil in which plants are to be grown appeared approximately
thirteen years ago.

In 1936 Hurde-Karrar and Poos (2) grew wheat plante in soil containing
three pepems of selenium as sodium selenate (mzsw,‘). The appléngrain aphid,
Rhopalosiphum prunifoliae, Pitch, and the red spider, Tetranychus telarius (L),
died within a few days when allowed to feed upon these plants.

S ——r

= I}_ﬂ;ng__;ﬂdj_!.:ih{j(l] applied parathion as a fifteen per cent wettable
powder to the soll at the rates of 0.25, 0.5, 1.00, and 2.00 grams of the
material por 500 grame of asir-dried soil. HNasturtium, bean, squash, and
potato seedlings were used as test plants and the black bean aphid, Aphis
rumicus Limns Mexican bean beetle larvae, Epilachna vervestis (Muls), two-
spotted spider mite, Tetranychus bimaculatus (Harvey), the melon aphid, Aphis
Zoesypii Glov., and the potato aphid, Macrosiphum solanifolii (Ashm}, were
used a8 the test insects.

In these teots, seeds were planted in soil in whioch parathion had been
thoroughly mixeds Two weeks later, different parts of .theue planta were ine

fested with certain of the insects to find if parathion had been abusorbed

2ror simplifieation in reading this report, Parathion, the selected
common name of the compound o, o=diethyl, o-p-nitrophenyl thiophosphate,
which has been approved by the Burean of Entomnlogy and Plant Quarantine
will be used.



by the roots and translocated throughout the plant. Other tests were made at
two-week intervals.

At the time of the tests, the warious parts of the plants to be tested
were removed and placed in vials of water and kept at a constant room tem-
perature of 26°C.

Measurements of the plants were taken at regular time intervals to
dotermine the effect of the toxicant upon the growth of the plants.

Their results were as follows:

They found that blaecik bean aphide that had been placed on nasturtium
plants which were grown in soll containing two grams of the material showed
one hundred per cent mortality at the end of forty-eight hours. After eleven
weeks the toxlcity appeared to have dropped below insecticidal levels.

According to thelr experiments, the per cent of mortality of insects
feeding on the plants decreased as the amount of parathion per pot was de-

. A Pt

crﬁgd. Also, the workers stated that reproduction was maintained by the
aphids that had been feeding on plants which had been growing in soll con-
taining 0425 gram of the parathion, Germination of the nasturtium seedlings
was apparently mot hindered. The germination of bean seeds was reduced whem
they were placed in soil containing one and two grams of parathion. Retar-
dation of growth was apparent in all cases and was especlally moticeable
where two grame of parathion were mixed with the soils The maximum toxic
effect to the aphids was six weeks after the sesds were planted.

These workers placed bean beetle larvae in covered petri dishes and fed
them bean seedlings grown in parathion=treated soil. o kill of the larvae
was obtained on plants grown in soil eonta.inlng 0«25 gram of parathion, but

as the amount of parathlon in the eoil was increased, there was a correspond-

ing increase in the mortality of the bean beestle larvae fed on plants grown



in such soils The range of the per cent of kill of the larvae was thirty to
ore lundred per cent. The highest mortality was found three weeks efter plant~
ing the seeds.

Ho control of the two-spotted mite was indicated at any time when the
m.ttgn fed on bean plants grown in parathlon=treated soile.

They obtained some dwarfing and rosette-like growth on potato plants
when parathion was applied to the soil. Potato aphids feeding on potatoes
grovn in soil containing two grams of material showed a mortality of one hun=
dred per cent at four, five, and six wecks after planting. At the 0,30 gram
level, one hundred per cent mortality resulted only after six weecks. Twenty
per cent kill resulted at the end of six weeks when aphlds were placed on
plants which had been growing in soil containing 0.25 gram of parathion.

Granger and Leiby obtained one hundred per cont kill of the melon aphide
when they were caged on young squash plants that were grown in soll contain-
ing two grams per pote This kill was obtained oh eight-weekk-old plants. The
maximum of seventy per cent mortality was indicated when aphids fed on plants
that were grown in soll containing one gram of parathion per pots Hone of the
aphids died when fed on plants grown in soll containing 0.25 gram of material
per pot.

A test was conducted by Granger and Leiby to determine if any change in
the parathion was taking place when the materlal was applied to the soil
three, seven, and ten days before the seeds were planteds Their preliminary
tests indicated that deterioration of the insceticide might take places

Questel and Cornin (4) obtained ninety-four to one hundred per cent con=-
trol of the Burovean corn borer, Pyrausta mubilallis Hbn., when this insect
was allowed to fooeun corn plants which were grown in soil mixed with para-
thion at the rate of two grams per five-inch flower pote The material was ab-

sorbed by the roots and translocated to other parts of the plant.



These authors applied a water suspension of parathion, containing two
grams of the material, to each pot which contained plante that had been grown
in soil free from parathion. At the end of one week, five per cent control
of Suropean corn borer larvae was obtained when the larvae fed on leaves
from these plante. Iiinety-six per cent of the larvae that fed on portions of
corn staliks were dead at the end of one week. At the end of two weeks, one
hundred per cent mortality was obtained when both leaves and stalks were fed
to the larvae.

Smith and -Cllffordjapplied parathion spray containing two pounds of
twenty-five per cent wettable powder per one hundred gallons, to twelve
vegetables under greenhnouse conditions. The edible portions of the plants,
in all cases, were protected from receiving deposits of the toxicant at the
time of application. Subsequent analyses were run on these portions to
determine the amount of parathion that had been translocated to such edible
portions.

"Analyses of the protected portlons showed nn parathion in
shelled lima beans or tomato; less than 0.0l pepems in cucumber,

pepper and radish; 0.01 to 0404 pepems in snap beans and beets;

and Oel3 to 0e34 pepeme in cabbage, collards, and kale also showed

a reading of 0.15 pepeme for parathion. Unbagged limas beans showed

112 pepeme of parathion whereas bagged beans from the same plant

showed nnne." '

Field tests indicated that snap beans sprayed during the blossoming
perind did not contain any parathion at time of harvesting. By spraying

when the beans were 1.5 inches long; parathion was present at 0.02 pepema

when harvested eight days later. After two apolications, 0.02 pepeme of

5?loyd F« Smith and Paul A Clifford, "Translocation of Parathion from
Foliage Application."” Unpublished paper that was given at the December
meeting of Amer. Assocs of Feone “nt. in liew Yorke 1948,



parathion was present in bagged cucumbers and summer squashes. Shelled peas
showed no traces of parathion at harveest time which was fourteen days after
- treatment, whereas 0.05 p.p.m. parathion was present in the vine.

Strawberries sprayed with parathion in t.he ‘blossom and young fruit stage
showed 0,02 pepem. of parathion at time of harvest. Applying the insecticide
eight days be:l’ore_ harvest, 0423 p.p.m. parathion was recovered from the berries
and .05 pepems from the stems and caps.

Four days after parathion had been applied as an aerosol (one gram per
one hundred cubic feet), rose leaves contained a maximum of 33,0 pepem.

Nine days later no parathion was found in the rose leaves. A fumigating
action was noticed upon two-spotted spider mites present on the leaves.
Seventy days after applying the insecticide to the soil 15.1 p.p.m. of para-
thion was obtained from the leaves of wild cherry. Parathion was applied at
the rate of five hundred pounds per acre.

Wolfenbarger (5) used potato plants to compare the action of the newer
phosphatic insecticides with a phosphorie acid formulation upon plant growth
and yields when the materials were applied to the soil.

The results indicated that the actions of both materials are similar.
Stimilated growth reactions were obtained in each test and corresponding
yields were in response to nutritional ingredients of the phosphatic materials

that were applied to the soil in which the plants were grown.

MATERIALS USED
Four insecticidal materials, benzene hexachloride, chlorinated camphene,
chlorinated naphthene, and parathion, were used in the experiments.
The benzene hexachloride (hexachloroeyclohexane) used was a wettable
powder containing twelve per cent gamma isomer, formulated by Thompson-

Hayward Chemical Company, Kansas City, Missouri.



The toxaphene used was a twenty-five per cent wettable powder of chlorin=
ated camphene and was obtained from the Hercules Powder Company, ¥Wilmington,
Delaware.

The chlorinated naphthene ("Compound 118") used was a twenty-five per
cent wettable powder manufactured by Julius Hym' and Company, Denver,
Colorado.

The parathion was manufactured hy the American Cyanamid Company, New

York, He Yo Formlationn contalning a hrenty-fiu per cent. nu&hhle po\utar

C —

and five g per cent &'ﬁat wqre unod in these tests. Parathion was used very

oxtmaively and u111 be discussed in more detail than the other insecticides.

Parathion was first fomla.tod in I. Ge Farben research 1aboratory at

"E 605." Allied scientific teams scouring the defeated enemy country took
this formulation out of Germany and brought it to the United States. The
Ameriecan Cyanamid Company, New York, He. Ye, formlated the chemical compound
as it is todaye. For a short period of time the material manufactured by this
company went under the code number "3422," the trade mark "parathion" being

Its properties are as follows: boALimﬂee!,-pﬂts.imwau@wmmos
\-‘_.___‘________,—-—

e s ——

aw 1263 uaight per gallon, a,pprox!.mtely 105 pounda; _vapor

e,

prme.mmofmatz#omlmhepw'iﬂodtom tely

s NS, J - = SR

ﬂawlamdmmtie lvmmpgnd miuel_,ne.d. mwmbla oils;
is rathar innoluble in such parafinic hydrocarbons such as petroleum ether,

kel o S0 [ i
}mroaena, and refined spray oils (about. two per cent) unless a mutual solvent
o o DT L e

_.t_l____t_:f:d; is stable to hydrolysis in distilled water, hard water containing
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as mch as 6.';'0 Pepeme of dissolved solida, and in acid solution. It is
readily lvdro!qxed in the presence of alkaline material such as lime, sodium

hydroxide, lime sulfur, and Bordeaux mixture, and calcium arsenate containing

an excess of lime.

METHOD OF PROCEDURE

For the preliminary test, forty six-inch flower pots were filled two-
thirds full with a finely screened Reinach sandy loam soils This soil was
fairly high in organiec matter and possessed properties very suitable for
greenhouse worke. A weighed amount of insecticide was uniformly distributed
on top of the soil and then covered with approximately one-fourth to one-
half inch of soil. Twenty seeds were then placed on top of this layer and
covered with soil. Care was taken to prevent any of the insecticide from
directly contacting the seeds. The pots were them placed in a metal pan
containing three inches of water. The soil in the pots absorbed the water
quite rmdily.4

The procedure for the second teat was the same as for the preliminary
experiment. Six different concentrations of parathion were used in this
experiment: 0,06, 0.13, 0s25, 0.50, 0.75, and 1.00 gram of actual toxicant

st Mgty oo 3
per pot. Ten pots were prepared for each amoun't.. Tp other pots containing
only soil were used as untreated checks. -

A third test was set up to dotornd.no if there was a dif:era_rfc_a in the
results when pargthj_,on was - mixed tl"l:l"oughly with the soil rather than applied
u:;iay’é’; M. this same time, experiments were made to determine if para-
thiot;”dmt formulations would give results comparable to those obtained

where wettable powders were used.

Athe term "layering method" will appear throughout the remainder of
this paper and Wlll refer to the method of procedure just described.



applied to the soll by the layer and mixing techniques. Two replicates (one
pot each) were used for the four treatments.

Three dosage levels of parathion, 0«25, 0406, and 0.05 gram of actual

SR
toneant per pot., obuino& by adding 1.00, 0.25 n.nd 0.125 w of tuenty-
fiw pu- cent muble powdnr, were appliod to the soil by the layer tech-
nique and by “1"*"3‘5’3_ wtth the solle Two or rour pata per treatment were used
at each concentration and for .nch method of applications Twenty seeds of
Ward barley were planted in each pot in all cases.

Experiments using a seed treatment method were set up in the following
mamners Ten cc of barley seeds, apnroximtely 185 seeds, were mized thor-
oughly with five grams of twenty-fivs per cent wettable powder. Calculations,
after weighing excess insecticide, showed that each seed received approxi-
mately 0.4l mg of actual toxicante GSeeds were then selected at random, and
twenty seeds were planted in each of two pots containing mon-treated soil.
The same procedure was repeated, using five grams of a five per cent dust.
Fach of these seeds received approximately 0.08 mg of actual toxicante

'lba_g_l_et.acmim if any of the toxic mtarlaln from the insectlcide had been
translocated to tho leaves and stems of the plants, pmbuga were placed on

M’Tmta that had been cut off a short diatnncc abovo the soil level
two_weels aﬂ.a' the saoda \rera pl.unt.od in the ooile

The equipmt used for this experiment consisted of a transparent
celluloid tube about seventy mm long and twenty-siz mm in diameter, over one
end of which a plece of cloth had beon glueds Seedling plants that had been
grown in the treated soil were cut off a short distance above the soil level

and placed between the halvee of a slit rubber stopper with the cut end of the
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stem below and the leaves aboves The small end of the stopper was then in-
serted in a shell vial containing water so that the cut end »f the stems were
immersed, while the larger end was fitted tightly into the open end of the
celluloid tube so the leaves on which the greenbugs were to feed were on the
insides (Figure 1)

One plant from each pot was used for each test. Thirty ten=-day-nld

.

adult greenbuge were placed on each pl_ar_ﬂ_.. Records of greenbug mortality and

number of nymphs produced were taken at twenty-four, forty-eight, and ninety-

six-hour intervals.
e s
Phytotoxic observations to determine any effects on the growth »f the
seedlings when parathion was added to the soil, height measurements, and the
physical condition of the plants were noted at intervals and compared with
thoge of similar plants grown in pots of soil not treated with parathion.
Tests were conducted tn study the feeding preference nf greenbugs for
barley plants grown in parathion-treated or untreated soil. Plants that
had been growing in treated soil (0.50 gram of actual toxicant, obtained by
applying in the layering method two grams of twenty-five per cent wettable
parathion powder) and untreated s5il were cut off at the enil level and trans-
ferred to six=inch pots filled with moist sand. Plants of each treatment
were arranged alternately in a circular pattern in the pot of moist sand.
A celluloid cage, approximately eighteen inches in height and five inches in
diameter, was then placed over the plants of each pote Approximately
seventy winged adult grce_nbu.ga were cag_e_d on these plants and the number

of greenbuge on each was recorded at certain intervale.
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RESULTS

Benzene Hexachloride, Chlorinated Camphene,

Chlorinated Naphthene, and Parathions

The ral;!ulﬁ of the preliminary test, in which Ward -bnrley plants were
grown in 8oil containing different insecticides, are shown in table I.
Parathion added tn the 8oil stimulated plant growth, while benzene hexa-
chloride showed a definite detrimental effect as indicated by the number of
leaves on the plant and the height of the plants twenty-one days after the
seeds were planteds Parathionetreated nlants were approximately an inch
taller than the check plants while those treated with benzene hexachloride
averaged more than three inches shorter. Plants grown in soil eontaining
chlorinated carphene and chlorinated naphthene compared favorably with those
grown in mon-treated soil, having the same number of leaves and only a

slight variation in the average height of the plants.

Table 1. Effect of warious insecticides when applied to soil on growth of
Ward barley plants when grown under greenhouse conditions.

e VRl

—_— e e e

-

e Yeasurements
Actual amount of toxicant. 21 days af'ter treatment.

‘Average Average

Grams Pounds number height of
JInsecticide per pot' __per acre of leaves plants per em
Benzene hexachloride 096 8375 2.0 3.2
Chlorinated camphene 1,00 8375 2.7 6e? G
Chlorinated naphthene 1.00 837+5 2.7 Sk ‘
Parathion 1.00 857_? 5 540 Te5
Cheok 000 000.0 2.7 66

Plants grown in soil treated with these insecticides varied consider-
ably in color. The plants grown in 8nil containing chlorinated naphthene

and those grown in untreated soil ere very similar in appearance. They
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were of a bright green hue and appeared to be in a healthy condition.
Chlorinated camphene-treated plante were of a slightly darker shade of green
than the checks, while the plants treated with parathion were still darker.
All of these plants appeared to be healthy. The plants growing in benzene
hexachloride~treated snil had a grayish appearance and were somewhat shriveled
and drye.

Adult greenbugs placed in cages containing plants which had grown in
80il treated with parathion usually died before they reproduced nymphs.
(Table II) Some greenbugs died when caged on plants grown in soil treated
with chlorinated naphthene, chlorinated camphene, and benzene hexachloride,
but the'mrt.ality was relatively low, especially as the plants became older.
The rate of reproduction of greenbugs feeding on these plants was about equal
to that on the checks except that on thirty-five-day-old plants grown in ben-
zene hexachloride-treated soile A lower rcpmdu.ction rate in this case was

probably due to the poor eonditisn of the plants.

Table II. Rate of reproduction and mortality, at indicated time interwvals, of
30 adult greenbugs that were allowed to feed on 7ard barley plants
grown in soil treated with various insecticides.

—_— e e T e e T T T e T T T 4

14 Days 21 Days 35 Daye** 4 Daye
Number Humber Number Number
Adult nymphs Adult nymphs Adult nymphs Adult nymphs
mr- per mor- per mr- per mr- per
tality adult tality adult tality adult tality adult
Insecticide 6 hra. per . hre. 6 hrae per d .
Benzene- ;
hexachloride ? 1.50 11 004 1 020 oo e
Chlorinated
camphene 8 l.41 2 0.06 1 De39 - o
Chlorinated
naphthene 8 1.54 4 Oe11 4 046 - ——
Parathion 30 000 0 0.00 25 0.10 22 Qe 42
Check 4 le55 0 0.02 0 0+ 50 0 0.00

*  All dead at end of 43 hours.
** Experiments discontinued at end of 35 days except for plants grown in
parathion-treated soil.
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Since the greenbug mortality was rather low on plants that had grown in
soil treated with chlorinated naphthene, chlorinated camphene, and benzene
hexachloride, the tests on these plants were discontinued after thirty-five
days. ilowever, pnlante grown in parathion-treated snil were tested and com-

pared with cheeks at given interwale for twenty weeks. (Table III)

Table ITI. Rate of reproduction and mortality, at indicated time intervals, of
30 adult greenbugs that were allowed to feed on Ward barley plants
grown in soil treated with parathion. e

18 nays 86 Days 105 140
Humber Number Humber Number
Adult nymphs Adult nymphs Adult nymphs Adult nymphs
mor- per mr-  per mr= per mre per
tality adult tality adult  tality adult  tality adult
Insecticide 296 hrs. per day 96 hre, per day 96 hrs. per day 96 hrs per day
Parathion 30 0.00 25 051 30 0e27 28 0.69
Chegk 0 059 0 0+69 0 0.71 0 0+19

The plants grown in non-treated soil falled to kill any adult greenbugs
caged on them after the plants were two weeks of age. However, plants grown
in soil treated with parathion killed a rather high percentage of greenbugs
eaged on them every time they were tested throughout the twenty weeks. In
fifty per cent of the tests which were run on the parathion-treated plants,
one hundred per cent mortality of the adult greenbuge was obtained in ninety-
aix hours. .

The few greenbugs which survived on the treated plants repronduced nymphs
at rates varying from 0.10 to 0.62 nymphe per adult day. The rate of repro-
duction increased on the older plants indiecating that these plants were less

toxic than at the earlier stages of growthe
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Parathion.

After completing the series of preliminary tests, two tests were run
tu dotermlne if possible the lowest amount of parathion that eould be added

to the aou. nnd stiu pmduee plnnt,a that were toxic to greenbugs.

————,

R o —

In the rirat ﬂerim o:!‘ tests, enough twenty-five per cent wettable

e it

parathion powder was addod to the eoil to supply from 1.00 gram to 0.06 grm
of actual toxicant per pote Japas

'!'he nooond aeriea was run on soil that received twenty-five per cent
wettable parathisn podder in amounts to supply from 0e25 1.':.3 0.03[ gram of
actual toxicant per pot. Similar tests were also run in which the same
amunts of parathion were supplied in the form of a five per cont duste
Each amount of toxicant was applied also by two different methodse One
method was to mix the parathion thoroughly with the soiljy the other was to
apply the toxlcant by the layering method previously describeds Along with
this series of tests, plants grown from seeds treated with parathion were also
testede Ceeds were treated both with twenty-five per cent wettable powder
and five per cent duste

The first series of tests was continued for six weeks, at which time
all tests of plants except those receiving 0406 gram actual toxicant were dis-
continued as results showed that larger amounts of the insecticide were unneces-
sarys. (Table 1V) The teste were continued on these plants for nine weeks.
At this time, the plants which had been growing in 8oil which received 0.06
gram of parathion per pot continued to give one hundred per cent kill of
adult greenbuges and the insects had at no time reproduced at a rate of more
than 0«87 nymph per adult per day. At nine weeks, the number of nyrphs repro=-
duced was only 0.09 for an adult in a day.
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Table IVe Rate of reproduction and mortality, at indicated time intervals, of
30 adult greenbugs that were allowed to feed on “ard barley plants
grown in soil treated with different amounts of parathione

20 Days 27 Days 45 Daystetr 62 Days
llumber Number Number Humber

Grams of ~ Adult nymphs Adult nymphs Adult nymphs Adult nymphs
actual toxi- mor-  per mor- per mre- per mre per
cant applied tality adult tality adult tality adult tality adult |
per pot %hra. per day 96 hrse gamgm. gmﬂ?éhra. per day ‘\,_K
1.00 30+ Oell 0 0.00 30 0.00 — —-——— ;
075 20* 0e16 23 Q.00 *== s —— ——
0+50 300 0.00 30 001 29 024 == —— !
0e25 w. 1. 16 m 0«00 m 00 - —— 1
Oel3 30 0.25 %0 0400 30 Ol == — /
0.06 %0% 0.75 30 0e22 29 087 % 0.09 /
Check 135 0,52 052 0 069 0 0s72 i

0
* ALl greenbugs dead at end of 40 hours.
- Caught in cotton holding plant,
**# o plants available, caused by poor germinatione
*+2% Ixperiments discontinued on all plants except those grown in soil cone
taining 0.06 gram parathion.

One hundred per cent of the insects feeding on the plants were killed
within ninety-six hours except in three cases. The first was on plants which
were four weelse old and had been grown in soll receiving 0.75 gram of actual
toxicant. The mortality of the adults feeding on these plants was seventy-
seven per cent, and the insects did not produce any nymphse

A awrmdl series of tests was run to determine if parathion applied at
rates below 0.60 gram per pot would be successful in such tests. These tests
resulted in one hundred per cent mortality of greenbugs feeding on plants
grown in soil treated with 025 and 0406 gram of actual toxicant per pot (both
wettable powder and dust) which was applied by both methods (layering method
and mixing with the soll) except in one case in which ninety-two per cent
mortality resulteds (Table V) This occurred from three-week-old plants which
had grown in soil treated with 0,06 gram »f actual toxicant (twenty-five per

cent wettable powder), applied by mixing thoroughly with the soil. In
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eighty-three per cent of the tests in which 0.25 gram of parathion was added
to the soll, there were no nymphs reprnduced by the adults feeding on the
plants. The remaining tests showed only 0«12 and 025 nymphs reproduced per
adult per days. In half of the tests, no nymphs were produced by the adults
when feeding on plants grown in soil treated with 5.06 gram of insecticide.

In the remaining cases, a smaller number of nymphs was reproduced on plants
where parathion had been applied by the layering method. Considering all
tests, the highest rate nf reproduction for greenbugs feeding on plants grown
in soil containing 0.06 gram of parathion per pot was 0«61 nymph per adult -
per day, whereas the highest rate »of reproduction for those feeding on plants

grown in non=treated soil was 2.05 nymphs per adult day.

Table V. Rate of reproduction and mortality, at indicated time intervals,
of 12 adult greenbugs that were allowed to feed on Jard barley
plants grown in soil treated with different amunts of parathion.

i
i
i
i

—20 Days e 2d Days Shays |

Grams of Adult Number Adult Number Adult HNumber ;
insecticide mor-  nymphe mor-  nymphs mor=  nymphs !
applied tality per adult tality per adult tality per adult
per got 96 ;_hl'ﬂo per m 96 hre. per » i
Check 0 0.83 T 0.00 0 2.05
Layering “ethod:

0005 w ? 0059 12 0029 11 Oe 51 : l\

0.25 D 12 0.00 12 0.00 12 0.00 \
Toxicant mixed
with soil:

025 ¥ 12 0«00 12 0.00 12 0.00

0.06 W 11 0.00 12 0«61 12 0«35

0.03 W 6 0.22 2 0e75 5 Oudthy

0.25 n 12 000 12 0.00 12 0.00

De03 D 3 079 1 0. 47 4 017
Seed Treatments

0.0082 ¥ (o} 0.32 5 0.60 1 1.04

0.0016 D 2 Qe 43 3 010 3 _1.00

¥ -Twenty-five per cent wettable powder.
D «Five per cent dust.
* Only eix greenbugs available.
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The mortality of greenbugs feeding on plants grown in soll treated with
0.03 gram of parathion was somewhat lower than when feeding on plants grown
in soil treated with 0.25 and 0.06 gram of insecticide. However, the more
tality was higher in all cases than when the insects fed on the plants grown
in untreated soil. The highest percentage of greenbug mortality was found on
plants which had grown in soil where twenty~{ive per cent wettable powder was
applied by the layering method. Greenbuge feeding on plants grown in soil
treated with 0,05 gra=n insecticlide per pot reproduced at a lower rate in all
but two testc than those feeding on plants grown in non=treated soil. In all
cases there was some mortallity of the adult greenbugs when feeding on plents
grown in treated sollj; however, there was no mortality of insects in any
tect when feeding on plants grown in non-treated soil.

Greenbug mortality in all cases was less than fif'ty per cent when the
insects were confined to plants which were grown from the seeds treated with
twenty-{ive per cent wettable parathion powder and five per cent parathion
duste The rate of reproduction of the adult insects feeding on these same
plants varied from 0410 to l.04 nymphs per adult per day.

In connection with the foregoing experiments, three other tests were
mades One was made to determine if the greenbugs showed a preference for
feeding on plante grown in soll treated with parathion over those grown in
untreated soils In another tent the effect nf narathion on the rate of
growth of the barley plants was investigateds A third experiment was to
deternmine what effoct parathion applied to the soil would have upon gormina=

tion of the barley seeds grown at given temperatures.
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Preference Test of Greenbugs.

The preference test (table VI) waes initiated after it was noticed that
the greenbugs seemed to live longer on plants grown in a high eoncentration
of parathion than on lower concentrations. Upon closer ohserwvation, it was
noted that greenbugs confined to plants grown in soil containing the higher
dosages of parathisn remained off the plante for a longer period of time than

those caged on plants grown in soll containing lower amountse.

Table VIi. Preference shown by greenbugs feeding on plants grown in non-
treated soll compared to those grown in soll treated with 0.50
gram actual toxicant per six-inch pote

First Test Second Tes
Time after Humber Humber Humber Humber
insect insects on insects on insects on insects on
admitted treated untreated treated untreated
to _cage plant plant plant plant
10 minutec 24 37 37 o
1  hour 29 30 34 35
3  hours 24 36 16 %0
4  hours 7 42 27 38
22 hours 5 58 1 43
24 hours 5 60 2 40
27  Thours 3 47 4 41
76 _hours 10 15 1 20

For the preference tests, stems of plants grown in soil containing 0,350
gram of parathion per pot and plants from non-treated soil were placed in
alternating positions around the suter edge of a pot of moist sande Approxi-
mately seventy greenbugs were caged on these plants and counts made at cer-
tain intervals. For the first six and one-half hours, slightly more insects
were found on the plants grown in non-freated soil. FHowever, there was soon
a decided reduction of the number of insects on the plants grown in treated

soil and an inerease in the number of aphids appearing on the plants grown in



non~-treated soil. Similar results were obtained when this same test was

performed at a later date.
Effect of Parathion on Growth Rate of Plants.

“easurements of the rate of growth of plants growing in parathion-
treated soil were mede over a period of four weeis. (Table VII) These plants
were grown in soil containing various amounts of parathion and the two

methods of applications were useds.

Table VIiIi. The rate of growth of ¥ard barley plants grown in soil treated
with various amounts of parathion {Layering method) as compared
to plants grown in soil in which various amounts of parathion
were mixed thoroughly in the soil and plants grown in non-treated
soil.

N of after s was plan
Grams of . Days 15 Days 23 Days 29 Days
actual toxicant
per pot meters timeters ent ti
Layering Method:
025 W 7«40 16.50 2750 28.%0
006 ¥ 4,70 12.50 18.00 20.00
0,03 ¥ 4.50 12,85 12.00 20,00
025 N 4.60 12.50 20.50 2200
0.0% D Se25 13.50 21.50 22.50
Toxicant mixed with soil:
025 W . De 20 15400 21.00 2500
0,06 4 6.20 14,00 22.00 2%.50
0,03 W 6e %0 15.25 22.75 2725
025 D 5 30 10.80 18.50 21.00
0«05 D 590 15.00 24,50 2700
3sed Treatment:
0.0082 9 6460 14.20 22430 24470
040016 D 6230 1510 23460 2420

# «Wettable Powder
D =Nust
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When parathion was mixed with the soil, plant growth was equal to or
greater than the growth of the checlts except where 025 gram of actual toxi-
cant (five per cent dust) per pot was applieds In this instance, the plants
were shorter until the fourth week, at which time they averaged the same as
the non=-treated plants.

When parathion was applied by the layering method, twenty-five per cent
wettable powder applied at the rate of 0.25 gram of actual toxicant per pot
caused the greatest rate of plant growthe (Figure II) The twenty-five per
cent wettable powder, applied at rates of 0.06 and 0.03 gram of actual I
insecticide, resulted in plants having a slightly lower rate of growth than
plants growing in untreated soile Plantes grown in soil containing 0425 and
0403 gram of actual toxicant per pot supclied as five per cent dust were taller
at the conclusion of the experiment, but they were smaller for the first two
weeks than plants growing in non-treated soils -

Plants grown from seeds which had been treated with parathion were cone

siotently taller than the check plants.
Effect of Parathion on Germination of Barley Seeds.

The final experiment was conducted tn determine the effect of parathion
on germination of barley seedes. (Table VIII) Varying amounts of twenty-five
per cent wettable powder and five per cent dust were used and seeds tragted
with wettable powder and dust were also includeds At 80.4°F. barley seeds
pimtod in soil mixed with 0+05 %0 025 gram of parathion per pot germinated
better than those planted in non-treated soil. When the test was econducted
at 71°F., and the insecticide was applied by the layering methnd, the
germina.ttoﬁ of the seeds was lower than the check in all cases. Under

similar treatments seéd germination appeared to be better at 80.4°F. than
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at 71°F. In all but two cases at 80.49F,, seeds germinated better in treated
th"'n in non-treated soil. Seeds which had boon treated with twenty-five per
cent wettable powder germinated better than in any other test, and the seeds
treated with fiive per cent dust germinated fifteen per cent better than those

planted in non-treated soils

Table Viil. =2ffect of parathion, applied at varlous rates by mixing with the
soil and by applying it in a layer, on the germination of Ward
barley seeds, at two different temperatures.

Grams of actual toxicant

per pot 71°r, 80e 4°F s
Check &3 60
Layering Method:
0.05 L | —— 78
004 60 o
006 q — 55
0e12 W 37 -
0425 W 59 85
0.5 ¥ 18 —
Qe 75 £ 6 aten
1-00 'i' 15 —
025 D - 5%
0.03 3] — 78
Toxicant mixed with soils
0.03 W - 70
0.06 9 - T4
0225 q —-— 70
0.03 n - 78
" Seed treatment:
0.0082 W - 8%
00016 9 - 5

¥ «Twenty-five per cent wettable parathion pawder
D «Five per cent parathion dust



24

DISCUS3ION

Since the release of the newer organic insecticides, research workers
have been woriking ardeantly to obtain information of their possibilities in
the field of entomlogy. Parathion has become one of the most promising of
these many insecticides.

The experiments, described in this paper, have indicated that parathion,
if applied t§ the soil, is absorbed by the roots of bgrlqy plants and tranc-
located throughout the plant. Results also indicate that under certain con-
ditions the rate of growth of some plants may be increaseds *uch more funde=~
mantal research must be done to answer the many problems that might arise.
The actual toxic material that is translocated has not been determined, and
it is nmot imown what physiological conditions are responsible for the in-
crease in vigor of plants grown in the parathion-treated snil. It has been
suggested that the action of phospharun in parathion acts ac a fertilizer,
but this would not explain the toxic effect on insecta. Therefore, there
mist be something in addition to phosphorus that is absorbed from the s»il
and translocated to the stems and leaves. The inhibitory effect of para=-
thion on growth at higher enncentrations esuld be caused by an osver=
accumulation of phosphorus compounds which would speed up the metabolie
activity in plante in excess of the normal rate of activity which in turn
would either stunt growth or cause injury to the plant tissues. Closer
cooperation amng entomologists, plant physiologists, horticulturalists,
chemists, et. al, must be attained in order to increase our knowledge of the
action of chemical compounds upon tissues of plants and animals if these
problems are solved.

Variations on the effect of parathion on plants have besn found thereby

showing a distinct correlation between the chemical compound and the plant
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tissues. The effect of this material upon the greenbug indicates its extreme
toxielty to insect life. It was also moted that greenmbugs placed nn plants
which had been growing in the higher concentrations of parathion took a longer
time to die. This suggested the possibility of the insects being repelled by
the material in the plant as was indicated by the results of the preference
test shown in table Vi. This suggests that through some chemical reaction the
repelling factor may be assoclated with transpiration in plants. It is
possible that through t.rnmpimtién, the material might volatilize and escape
into the surrounding atmosphere.

The results of the tests in this thesis indicate that amunts as low as
0.06 gram of actual toxicant (parathion) per six-inch pot are effective in
controlling the greenbuge If applied on a comparative basis with the procedure
of the tests described, parathion would have to be applied at the rate of
approximately fifty pounds of aott;al material per acre. The sast of applying
this insecticide to the solil at this rate in most cases would be prohibitive.
However, under certain greenhouse conditions, where plants are grown for

experimental purposes, treating the soil might be practical.
SUMMARY

Preliminary tests begun in October, 1948, indlcated that Ward barley,
which is very suscentible to the greenbug, -Tog_g_p_'mg m%. Rondanl, was
able to absorb the toxic ingredient of parathion (o, o~diethyl o-p-nitro-
phenyl thiophosphate) from the s»il and translocate it in sufficient quan-
tities to kill greembugs feeding on the plant leaves.

Barley plants grown in soil treated with three other insecticides showed

little or nn toxicity to greenbugs that were allowed to feed on them.



Tests were run to deternine the minimum amrunt of parathion that eould
be added to the ooll which would produce barley plante toxic to greenbugse.
One series ranged from dosages of 1.0 gram to 0.06 gram of actual toxicant per
six-inch pots 7One hundred per cont of the greenbugs were killed when confined
on plants grown in soil that received 0.06 gram of actual toxicant per pote
In the third test, the amunt of parathion used per pot varied from 0.25
gram to 005 gram and application was made by both the layering and mixing
methodse In this test, parathion supplied as a twenty-five per cent wettable
powder and a f'ive per cent dust were compared.

Results nh_awed that one hundred per cent »of the greenbugs were killed
when eaged on barley plants that had grown in soil containing 0.06 gram of
parathion per pot, supnlied as a twenty-five per cent wettable powder applied
by either methode Greenbug reproduction was greater when the insects were
feeding on plants grown in soll that contained 0.06 gram than 0.25 gram per
pote A comparison of plants grown in twenty-five per cent wettable parathion
powder and five per cent dust dhowed little difference in the per cent of
mortality of greenbuga on the plants.

Yhen greenbugs fed on barley plants grown from seed that had boen
treated with a twenty-five per cent wettable powder and five per cent para-
thion dust, their mortality was low and rate of repsoduction high.

#hile observing the differeat tests, it was noted that as the concen=-
tration of parathisn in the soil became higher, a longer time was required
to kill the insects on the plants growing in the soils To determine if
greenbugs were repelled from barley plante that had grown in high eoncen~
tratione of parathion, the npreference of this Insect for plants grown in soil
which contained 0.50 gram of parathion and those grown in untreated soil was

corpareds These results indicated that there was little diff'erence in the
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numbers of greenbugs on the plants the first six hours. However, at the end
of twenty-two hours, there we'r; many more adults on plants grown in non=-
treated 85il than on those grown in treated snil.

A test to determine the aeffect of parathion on plant vigor at the
various dosage; rates indicated that plant growth in treated soil was almst
equal to or greater than that of non=treated soll. Barley plants grown in
006 gram of parathion per pot showed the greatest growth gaine

In moet casee, barley seeds planted in soll mixed with parathion germinated
better than those planted in mn-trgatod solle. lHowever, a higher germination
occurred when the seeds were treated with the insecticide and planted in non=-
treated snil. Seeds planted in snll in which the toxicant wae layered showed

inconsistent results.
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