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Abstract

The work described is a comparison of four different
systemic insecticides against aphids on Brussels sprouts
and a study of some factors which influence their
toxicity and persistence.

Aldicarb, pirimicarb, ménazon and phorate were applied
at the rate of 2 1b. a.i. per acrec to assess btheir
comparative toxicibties and persistence against aphids,

The assessment was made by counting natural aphid
infestations in the crop and by biomsays which included
sleeving aphids on young and old leaves of treated plants
in the field and also leaf discs removed for more accurate
estimate in standardised laboratbory conditions.

The effecet of site of placement of the insecticide
aldicarb at 1lb./acre with and without fertilizer on its
efficiency against Brussels sprouts aphids was also

exanined.

Aphid bidssays are described which establish the

effects of the aphicides on the aphid species M., persicae

and B, bragsicae, Tthus providing ILC 50 data for the

assessment of relative toxicities and the relative
resistance of the two aphid species at different

temperatures,.
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Treliminary laboratory experiments were done to
investigate the effects of differcnt methods of insecti-
cide application on the relative uptake, translocation
and metabolism of aldicarb and phorate in Brusscls sprouts;

beans and potato.

These were done in an attempt to explain the relative
ineffectiveness of phorate against Brussels sprouts
aphids. Gas liguid chromatography (G.L.C.) and thin layer
chromatography (T.L.C.) methods were used to estimate

phorate and aldicarb metabolites.
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Factors affecting activity and persistence of soil

applied systemic aphicides.

Introduction

Soil application of systemic insecticides offers pro-
mis ing scope in integrated control of aphids because this
can confer selectivity even to wide spectrum insecticides.
A careful study of such chemicals is therefore Justified.
Soil applied systemic insecticides are known to vary greatly
in their toxicity and perristence against insects poésibly
due to differences in rates of uptake and breakdown in soil
as well as in plants. A comparative study of the toxicity
and persistence of soil applications of some systemic oOr=-
geno-phosphate and carbamate insecticides against aphids
has therefore been made to clarify the factors involved and
to distinguish inherent differences in toxicity and per-
sigstence from effects caused by the plant, the soil, differ-
ent rates of application; different placement methods and
temperature. Both biological and chemical estimations of
toxic residues in different parts of the plah® were made
in order to provide information on toxicity and fate of
the insecticide and its biologically active metabolic

products.
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REVIEYW OF LITERATURE

Aphids are among the most damaging insect

pests of crops and have been studied by many workers

all over the world to achieve an effective control,

Systemic chemicals have been applied either as

foliar treatments or through the soil,

Soil appli-

cations can be made as follows:

(1) Seed treatments,

(2) Soil treatments,

(a)

the seed is dressed with

a dust or it can be soaked
in the insecticide formu-
lation,

Side band treatment, the

insecticide is applied in

a spray, dust or granule

‘band in the seed drill or

(b)

to the side of the seced
drilly

Individual plant treatment,

the insecticide as spray,
dust or granules is either
placed to the side of or
below the plant roots after

planting, or prior to



planting the plant roots are
dipped in a liquid formulation
or dust containing the insec~

ticide »

Foliar applications are made either as:
(a) Ssprays
(b)‘Granules
The term "Systemic" is of recent origin, but the
concept of such a method for pest and disease control
dates back many centuries ( Junius Columella A.D¢50),
The discovery by Schréder ( 1947) of Systemic insec~
ticidal actions in synthetic organophosphorus compounds
gave considerable impetus to the recent large volume
of work on Systemic insectigides.The first Systemic
insecticides were found as inorganic oompounds taken up
in plants from soil where they occurred naturally. The
best known chemical of this nature is sodium fluoroca-
cetates David and Gardiner ( 1951) showed that this
- compound could be used as a Systemic insecticide in
broad beans buf it is not of practical use due to
its high mammalian toxicity and now-a~days the only

Systemics used are synthetic organic chemicals,
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Use of Systemics as seed treatments

A number of workers have shown that Systemic
insecticides applied to the seed can be taken up
in guantities sufficient to kill insects attacking
aerial parts of the plant ( Ripper et al., 19503
Ivy, Iglinsky & Rainhﬁater, 19503 Chao, 19503 Ander-
sson & Ossianilsson, 1951 Bronson & Dudley, 19513y
Ashdown & Cordner, 1952% Ivy, 19523 Reynolds, Ander-
sons and Swift, 1953; Unterstenhofer, 19533 David &
Gardiner, 1955, and Harris & Valcarce, 1957)a The
main practical advantage of absorptidn of insecticides
by seeds is that protection against insect attacks is
afforded from the beginning of the importan® seediing
stage ( Parencia, 1955j; Parencia et al., 1957 a,
1957 bj Stanley and Breeland, 19573 Reynolds et al,,
19573 Parencia et al., 1958; Hopkins et al., 1958;
Hanna, 19583 Adkisson, 1958; Dobson, 1958 and Mistric
& Spyhalski, 1959). Depending on the relationship
between seed and plant size, it was found that plants
of cotton, pea and various beans grown fro seeds
soaked in a solution of schradéin were successfully
protected against aphids for about 30 - 50 days (Chao,
19503 andersson & Ossiannilson, 1951) and the pericd of

protection varied with the weight of the seed(Chao,1950)



-8-

Similap results were obtained on cotton, sugar}beet
and egg pignts ( Ashdown & Cordner, 1952; David &
Gaidiﬁer, 1955; Harries & Valcaree, 1957; Gates,
49595, Schradan and demebon seed tregtmen§$ could
aisg be successfully used to control A,fabae;

A. gossypii, M. persicae and M.pisi ( Ivy et al.,

1950; Janke, 1951, Lhoste & Leibovice, 1952; Franklin,
1953% Chaudhary, 1956 and Gates 1959). ?aviq &
Gafdiner ( 1955) stated that seed‘éoaking technique
méy bé an efficient means of getting a systemic
insecticide into the plant, but the amount absqrbed
isAof#én elther inadequate for 1asting protection or
@hytqtgxic ( Way & Neédham, 1957). Although seed
application of a Systemic insecticide such as demeton
at flanting time is probably of limited use if a

long term protection is required in the serial parts
of the plant, yet relatively small doses of demeton

as seed dressing controlled early attacks of S.lineatus

and M,persicae on beans and potato respectively

( Way & Needham, 1957). Phorate, menazon and
disulfoton ap@liéd és seed dressings have been shown
to give effective control of turips, green bugs,
spildex mites and wany aphid species on cotton
alfalfa, pea; bean, potato, sugar beet for 3 - 9

weeks ( Parencia et al., 1957; Anonymous, 1957;
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Atkisson, 1959; Hopkins et al., 1958; Gates, 1959;
Andres et.al., 1959; Bonnemaison, 1960; Pricéjones;
1961; Newman, 1960, 1961; Zaki & Reynolds; 1961) and
continued to reduce aphid populations significantly
for one growing season on various crops ( Hopkins

et al., 1959). When applied as seed soaks or directly
on seed pieces, phorate, disulfoton, and dimethoate
have, however, been reported to cause delayed emer-
gence and marked phytpxicity ( Zaki & Reynolds, 1961;
Pond, 196%; Matsumoto et al., 1967) but menazon is
harmless to most seeds even at relatively high dosage

ratese.

SOIL TREATMENTS

The most commonly used soil applied Systemic
insecticides are phorate; disulfoton, dimethoate;
menazon and recently pirimicarb has also shown con-
siderable promise as an aphicide particularly against

3r§ﬁﬁ:pﬁbéj§ttg resistant M. persicae. Phorate granules

applied to the soil at time of planting, have been
showvn to give effective control of A. gossypil on

cotton, B.brassicac on cabbage and canliflower,

M. persicae on pobtato and many other crops and M.pisi

on peas for about 50 - 150 days ( Hopkins et al., 1958;
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Andres et al., 1959; Bacon, 1950, 1963%; Getzin &
Chapman, 1960; Gerbardt & Turley, 1961; Reynolds et al.,
19603 Schwartz et al., 1961; Harding, 1962; Bavage &
Harrison, 1962; Lindley, 1962, 1964; Cook et al.,
196%; Shorey, 1963; Linke, 19643 Dominick, 1965;
Harrison & Wooldridge, 1965 and Menzer & Ditman,
1968) but failed to protect the crop at less than

two pounds per acre ( Dobson & Natts; 19573 Bacon;
1960). When applied to the seed drill or seed furrow
in the soil phorate ﬁgs~ been reported as adequate in
providing protection to tuinips from turnip aphids
upto harvest time ( Wilcox & Howland; 1957) «

Varying degrees of aphid control by granulier:
application of disulfoton, dimethoate; phorate,
menazon; thionazin and vamidothdion to the soil at
or after planting time have been shown on various
crops ( Getzin & Chapman, 1959; Burt et al., 1960;
Price Jones, 1960; Newman, 1960; 10613 Lindley;

1962, 1964; Linke, 1964; Legpe, 1965; Broadbant et al.,
19665 Matsumoto et al., 1967; Llliott & Vay, 1968;
Hopkins and Taft, 1968 and Worthing 1968, 1969). A
geason long protecHlion was achieved using pirimicarb,
aldicarb, menazon and oxydemeton methyl on potato;

tobacco and chrysanthemum resulting in greater yield



and high quality potato and teobacco ﬁerhaxdt;'ﬂ9éé§
tegge & Shepherd, 1967; worthing; 1968, 1969;
Kearby & Bliss, 1968, 1969 and VWay eb al., 1969). It
was cohseluded that granules mixed with soll were mozée
persisbent than localised treatments with liguids

but lotdlised granule trestments were also more effec-
tive than those banded in the »idgé or applied as side

dressings on tobacco against M.persicae ( Legge &

Shepherd, 1967). At the same time, it was demons-
trated that varying amounts of phosphate fertilizer

did not affect phorate absorption by the cobtton plénts
as indicate & by cotton aphid mortality (Hopkins et al.,
1958) but in the case of potato plants individual

Y 1 of phorate and aldicarb were no as effective

as the same compound applied in conjunction with
artificial fertilizers ( Burt et al., 1960; Gerhardt

& Turley, 1961 and Gerhardt, 1966).

Much work has been done on control of virus
wvectors by Systemic aphicides. Soil applicavion has
proved to be very eifective in contrelling spread of
persistent virus such as leaf »oll virus in potato
( Burt eb al., 71960; Broadbent 2t al., 1956, Burtfet.
al., 1864 and Broadbent et al., 1966); but it &id not
prove to be fully successful in controlling non-

persistent viruses e.g. rosette virus on groundnuts,
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yellows virus on sugar beet ( Wateson, 1944) and
virus on potato ( Broadbentet al., 1956; Hull
& Sel man, 1964; Burt et al., 1964)., This is mainly
because i%igrating virus carriers feed and can quickly
infect the plants before being killed.
FOLIAR SFPRAYS

Absorption of Systemic insecticides from
spreys dnto the leaf is rclatively slow and is
apparently influenced partly by the nature of the
leaf surface, being slower on waxy surface(Price-
Jone, 1961). Absorption into the plant by this
route is also dependant on the amount of foliage
present as shown by green peach aphid control (Frice~-
Jone, 1961). It has also been shown that translo-
cation of schradan and demeton following foliar appli-~
cation ig towards the younger leaves and the peri-
pheral growing arcas of the treated leaves.

Schradan, demeton, demeton-g-methyl, oxydeme-
ton-methyl, menazon, phorate, thionazin; pirimicarb,
carbaryl, vemidothion, dimethoate; formothion, Mcvin-
phos, Morphotion and Phosphesmidon have proved Very
useful Systemics for foliar sprays on a variety of
plant species against aphids and other foliage
attacking pests ( Ivy et al,; 19503 David & Gardiner
1951; Jencke, 1951; Ripper et al., 1950, 19513 Dowdy
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& Sleesman, 1952; Lhoste & Leibgvici; 19525 UWright &
Wheatley, 1953; Reynolds ct al., 1953; Slee¢snan,
195%; Schuder, 1953; Way et al.; 1954; Davis et al.,
19563 Simon, 1956; Saggers; 19563 Austin & Linke,
19573 Dobson, 1958; Motsinger & Morgan, 1960; Price-
Jones, 1961; Newman, 1961; Legge, 1965; Worthing,
1968, 1969). When applied in granular form phorate
and disulfobton contrclled aphids on potato and bean

upto harvest time ( Xnoke, 1959; Hua, 1969).
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BERAVIOUR OF INSECTICIDES IN THE SOTL AND PLANT,

In application of Systemic insecticides to
the roots of the plant, the most impbrtant factor
is the contact betweesn the roots and insecticides.
It has been clearly demonstrated that absorption
of insecticides by roots from various media is
greatest from solution, less from sand and least
from soil. David ( 1952) found that more schradan
and dimefox are absorbed from sand than from soil,
and it has been shown that while demeton is absor-
bed freely from solution, the absorption from sand
and humus containing soils is a slower process
and is related with soil type ( Teitz, 1954). It
is, thercfore, concluded that differenccs in absorp-
tion from various media cen be explained on a physi-
cal basis, either as a result of the varying contact
between insecticide and root, or of the greater
affinity of the insecticide for some particles in the
soil or soil media ( Bennett, 1957).

Soil application depends on absorption of
insecticides by the root system, either in solution
or in the wvapour phase ( Burt, Bardner & Etheridge:
1865). Their translocation to the aerial parts of

the plant depends on some physical or physiological
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factors such as -~
(1) the physical properties of insec-
ticides e¢.g8. solubility and wvola-
tility ( Burt et al., 1965; Rey-
nolds & Metcalf, 1962).
(ii) Soil properties e.g. pH; Moisture
content and soil type(Reynolds &
Metcalf, 1962; Wiese, 1965; Andres
et al., 1959; Getzin & Chapman,1959).
(iii) physiology of the plants e.g. trans-
location path; ( David 1951; David
& Gardiner, 1952;)
(iv) conditions and age of the plant
(Andres; Reynolds & TukWo, 1959).
Greater insecticide absérption; activity and
persistence have been shown to occur invsands and
sandy soils than in loams, clays and muck soils (David
19513 David & Gardiner 41951; Davioh; 1953 Wallace;
19513 David; 195%7; Getzin & Chapman, 1959, 19603
Zaki & Reynolds, 19613 Way & Scopes, 1965; Getzin
& Rosefield, 1966; Conrad et al., 1967; Pain &
Skrentny 1969). Crganic matter and clay content have
been found to be important factors related with
reduced absorption and faster decline of schradan,

demeton, phosdrin and aldicarb (¥asida et al., 1952;
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Johanson, 1952; Getzin & Chapman; 19597 Abdellatif
et al., 1967).

The period of protection is inversely
related to the specd the plants grow { Reynolds et al.,
1957) and is shortened by larger amounts of organic
matter in the soil or excessive leaching (Bardner
1961) .

The degree of penctration and the subsequent
translocation are functions both of the soil type
and the physicochemical properties of the particular
compound such as its water solubility, stability
withih living cells etc. (Teitz, 1954; Lichtenstein,
1959; and Reynolds, 1962), The absorption of Sys-
temic insecticides by the roots shows considerable
variation. It has been shown that the roots of broad
bean plant selectively absorb dimefox from solution
( David, 1952) at rates of transpiration at which
Schredan was selectively rejected ( David, 1951).

The routes of metabolism of Systemics such as
schradan, demeton, phorate and other similar conm-
pounds and their toxic metabeolites are The same in
plants, insects and even mammals so that toxi¢ resi-
dues in edible produce present no hazards as a result
of biochemical activity of the plant (Merch et al.,
1955), The metabolism in the plant leads to very low
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residues at harvest time, provided the application
has been made sufficiently early or if closer to
harvest, at reduced concentration ( Davich & Apple;
19555 Metcalf et al., 1955).

The practical usage of an insecticide as a
Systemic protectant against aphids depends upon a
knowledge of its metabolic fate in the plant. The
metabolism of the Systemic insecticide aldicarb has
shown that insecticide is readily and completely
oxidized to its sulphoxide within 4 - 9 days in
cotton leaves at moderate temperatures. The sulpho-
xide which is more active as a cholinesterase inhi-
bitor is the active metabolite and its long term
persistence and relatively slow oxidation to aldi-
carb sulphone is responsible for the persistent
Systemic activity of the compound. 4Aldicarb sulpho-
xide is hydrolyzed to the oxime which is the princi-
pal degradation product in the cotton plant (Metcalf
et al., 1956; Coppedge et al., 19673 Bull et al,,
1967; Bull, 1968; Reynolds et al., 1966).

Fhorate 0,0-diethyl s~ethylthiomethyl phos~
phoroditlicate, when absorbed by plants, is first
oxidized at the thioethersulfur to form phosphoro-
dithioate sulphoxide and sﬁlphone and is then oxi-

dized at the thionosulfur to form phosphorothiolate
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sulphoxides and sulphone these ox1dat10n products are
all more potont antlchollnesterase agents than the
parent compound and persist in plants for relatively
longer periods ( Browman & Casida, 1957; Metcalf

et al., 1957, 1958, Menzcr & Ditman; 1968), but
decline rather rapidly during summer ( Menzer &

Uitman, 1968).

VALUE OF S0IL APFLIED SYSTEMIC
INSECTICIDES

Soil applied Systemic insecticides are
valuable in integrated control of aphids because
fhy51cal
they can provide ecologlcq /selectivity(Ripper et al.,
Potter 1961)

1954,/ and are unlikely to harm soll fertility

even if they kill beneficial soil animals ( Way
& Scopes, 1968). Soil applications have several

on

advantages over more convential methods such as
spraying and dustidg, Cfﬁ Tonger ﬁéféisteﬁéé(Reynolds
et al., 1957); (2) selectivity, which can introduce
ecological or physical specificity by the method of
application, while foliar spray make them non-
selective, ( Ripper et al., 1951; Reynolds, 1958);
(%) less toxic hazards at the time of application
(78ki Reynolds, 1961; Reynolds & Metcalf, 1962);

(4) special value for seedling plants, because
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(a) seedlings are particularly susceptible to pésts
attack, (b) they have little plant surface to receive
and retain direct spray deposits, (c¢) seedling
plants grow relatively very rapidly, so new growth
is unprotected by direct spray deposits.

A good historical example of a physiologically
selective Systemic is schradan ( Ripver, 1952;
Verma, 1956) that kills phytophagoys insects and
is harmless to non-phytophagous ones such as the

of insects

predators@ﬂparasitengnd pollinators. Most Systemic
insecticides arc, however, like many other insec-
ticides in being physiologically non-selective and
when applied to fol?age, are‘usually more harmful
to beneficial insects because these are generally
active scarching species. FExtensive use of such
chemicals: in the last dccade or so has resulted in
the common phconomenon of pest resurgence and develop-
ment of new pests through failure of biological
control’ ( Ripper 1952, 1956, Michelbacher et al.,
1955). Another drawback of direct application of
non-sclective chemicals is unnecessary exposure
of the whole insect complex to the insecticide,
resulting in the development of resistant strains;
but with specific insecticides, the entomophagomsspecies,

especially the low density dependent ones will beunaffected
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by the
chemical and will be able to kill any resistant

individuals in the population ( Ripper 1956; Michel-
bacher, 1955).

Selectivity can be improved by way of appli-
cation as well as formulation of insecticides (Ripper,
1951; Metcalf 1956) e.g. menazon and pirimicarb are
intrinsically fairly specific for aphids but phorate
and aldicarb are not. Phorate is made more sclective
by soil application by granular application when it
apparently becomes harmless to becs even when applied

to foliage.



MATZIRIALS AND METHODS

INSECTICIDES.

Four Systemic insecticides were used in labo-

ratory and field experiments, Menazon and pirimicarb

are relatively inherently selective for aphids while

ClL

phorate and "Temik" are broadspectrum insectifles in

their action against insects,

Aldicarb, (Temik)':

Pirimicarb.

Mponazone

Phorate.

Commercial formulation of
10% w/w of active ingredient
in corn cob granules and 88%
technically pure chemical,
Commercial forrmulation of

5% w/w of active ingredient
in pumice granules and 99%
technically pure chemicale’
4.1% w/w in Fullers Zarth

granules and 99% technically

pure chemical,

10% w/w in Fullers Earth
granules and 98% techni-

cally pure chemical,

411 the technically pure compounds were stored

in deep freeze at about -12°°¢ to avoid possible loss of

potency. In order to minimize labour and maintain
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equality in applying -ranular treatments to the

field plots, weight volume relationships were deter-
mined for each granular formulation so that appropriate
volumes could be applied to each plant, For the
laboratory' experiments appropriate concentrations of
the technically pure chemical were made up using

ethyle cellosclve as solvent,

AFPHID SPECIES.

Two species of aphids - Mgggg_ggggggggr(Sulz.)

and BreYicgryne brassicae ( L.) were reared on potted

seedlings of Brussels sprout plants in cages

16" x 16" x 12" in a controlled environment room at
20°C with about 60% relative humidity and 16"34 hours
of photoperiods, In order to avoid overcrowding of the
aphids plants wefp chénged fortnightly. Young adults
and late 4th insggr larvae were.selected for most

of the experimentse. Aphids were handled very care-
fully with a mouth~operated suction tube, Infested
leaves were taken from aphid cultures about 24 hours
before the insects were needed for experiments. The
leaves were allowed to wilt, thus, making the insects
withdraw their mouthparts so that they could be

collected easily without damaging their mouthparts,

»
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FIELD EXPERIMENTS,

Site amnd design of field experimentss

Two field experiments were done between 1968
and 1969 to evaluate the Systemic efficacy of granulated
formulations of soil applied Systemic insecticides
applied at planting out time to control early infes-
tations of immigrating alatae of aphid species and
their subsequent population build up on the Brussels
sprout plants, The experimental field was situated at
Silwood Bottom where the pH value of the soil was
found to be 6.1 in 1969 and almost the same as in 1964,
The so0il was sandy and éherefore likely to favour .
uptake ( Kirk & Wilson, 1960; Burtet al., 1965;Raynold§
& Metcalf, 1962) and persistent toxicity of the ineec-
ticides(Getzin and chapman, 1957).

EXPERIMENT 1968,

Young Brussels sprouts plants, Brassica abracea

genifera L. variety Irish elegance, were planted out
3 ft. apart in mid May 1968. The experimental field
was divided into four parallel blocks 75' long by 15!
wide lying across the field, Each block was divided
horizontally into 5 randomised plots 15' x 15' ft,
square without paths and each containing 5 rows of

5 plants each ( 25 plants),
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INSECTICIDE APFLICATION.

Granular formulations of insecticides were
applied by hand at the rate of 2 lbs a.i per acre,
The reqﬁifedJAuantity of each granular insecticide
was measured out in a plastic tube of appropriate
volume and put into each "dibbling" hole about 3 in.
deep and 1~3 in, away from the stem.,

FIELD COUNTING.

Five plants per plot were randomly selected
and examined>a1m§;t fortnightly to record alatae,
adultapterae and larvae present on treatéd BrﬁéSé;sJ,
Sprout plants. The meanlpgv( N +1) aphids per plant
were calcﬁiated for each oéwthe.three species of aphids:

(1) TMarrosiphum euphorbiae ( Thomas)

(2) YMyzus persicae ( gulz)

(3) Brevicoryne brassicae ( L.)

B. brassicae were relatively very scarce otherwise

it would not have been possible to examine popu-

lations in whole plants.

BIOASSAY PROCEDURE

Two bioassa ©y methods, depending on the
Systemic action of the insecticide, were used to

determine the biologically active residues of menazon,
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phorate, pirimicard and aldicarbin plants,

LEAF DISC REMOVAL

The technique described by Galley ( 1968) was
used to test residual toxicity of 1 ine. diameter
discs, excised four leaves of the experimental plants,
Two plants per plot were randomly chosen and marked
in order to cut lcaf discs from them throughout the
pericd of residual toxicity in the plants., 16 leaf
discs were taken fromA8 plants of each treatment and

10 M. persicae and 10 B. brassicae were put on each

disc. and kept under controlled conditions., At inter-
~vals, the aphids were recorded as (1) (N)- those in
which no sign of abnormality could be noticed, (2)
slightly affected (S) - those in which the effect was
noticeable but which could move about or make some
progress, (3) badly affected (B) - those which could
not leave the place where they were but showed
vigorous movements of the various parts of the body,
(4) moribund (N) - those which appeared to be dead
but on prodding could show some sign of life by feeble
ﬁovements of some part of the body, (5) dead (D) -
those which showed no sign of life under a magnifying
lens despite prodding. The criteria of those above

categories were almost the same as those of Tattersfield



- 25 -

and Potter ( 1943 ). Percentage kills were based on
B+ M+ D ( Martin 1940 ). The levels of residue

in the leaves of Brussels Sprouts biants were esti-

mated by comparing the kills obtained with those on

similar léaf disc samples from untreated plants

dosed with known amounts of the insecticide (Galley

1968) -

SLEEVING EXPERIMENTS

Two plants per plot ( i.e. 8 per treatment )

were randomly selected and 20 ( 10 M. persicae + 10 B,

‘brassicae ) laboratory reared young adult apterae

were caged in an organdic sleeve about 15" long and 9"
in diameter either on single young leaves cp separateiy
on one young and one mature leaf per plant., Sleeved |
aphids were set up in this way at about fortnightly
intervals throughout'fhe seasone The effect of a
treatment was assessed from the mortality of the
adults and from the numbers of live progeny produced
introduced during the following 6 - 8 daysa.

This experiment was done in order to make a general
comparison of the Syétemic activity and persistence

of the four granular soil applied Systemic insecti-

cidess
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EXPERIMENT 1969,

The scheme of planting young Brussels Sprouts
seedlings was almost the same as in the previous
experiment ( e.ge planted 3 ft, apart ), but the
design of the experimental arca was slightly changed
iecs treatments replicated into 3 blocks of 6 rando~
mised plotss Plots were 18' x 9! separated by a
3! wide pathe. Each plot contained only 3 rows of
6 plants each and the widdle row ( four plants )
was treated while the other two rows,one on either

sideywere used as guard rowse

INSECTICIDE APFLICATION,

4 Granuler formulation of one insecticide
aldiqafbwasvapp}ied at 1 lb. a.is, per acres, The
§oi§ﬁ;££ic.m;ésﬁrer was again used‘to put the re-
quired amount of insecticide with or without fertilizer
( 1,2 0z/sqe.yard) at different depth levels below |
or away from the plant. Similar methods of field
counting, leaf disc removal and sleeve tests were
used in this experiment as descriﬁed earlier,

This experiment was mainly designed to study
the effect of different placeme#t methods on the |

field efficiency of an insecticide with or without
fertilizer.
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Fig. No. 1 Placement of pesticide and fertilizer in relation to the

plants.
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The fertilizer used was Nitroform supplied by Imperial

Chemical Indugtries in order

o sbudy its effects on

PaR Al

the efficiency in uptake and persisgtence of an inscct-

icide treatnent to the solil. etails of the positions

@

applied are given below in fig. 1 and described in

—

-

field experimcat 1969 (paze 27) )

Laboratory experinents
[

Laboratory technicues specific to particular
experiments will be discussed in the main btext.
Cne inech dicmeter leaf discs werc taken from mabure
leaves of untreated Brussels sorout plants grown ab
20°C in a controlle@ environnent room. They weire
set up in the apparatus described by Galley (1968)
in Plate 1 and 5 ul droplets of an appropriate
concentration of insecticide in ethyl cellosolve
was applied by "Microcap" to the water supply of
cach disc. 10 gi persicae and 10 B. brassicae were
separately caged on each disc. At least 5 concent-
rations of each insecticide were used and 5 discs
treated with each concentration, control discs were

treated with ethyl cellosolve.

The oir flow in the controlled environment

roons  and the relatively low humidity‘tended o
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es
deseicate the leaf discs so the apparctusy were pub in

a troy containing a layer of moist sand and was covered
with & tronsparent perspex lid. This maintoined a
relative humidity of about 85-90% around the appaxatus
ond prevented the leaf discs from dessicating. In
experiments ot 20°C the state of the evhids wos recorded
after 24, 48 and 72 hours ané even continued for longer
periods where an end »oint was to be determined. The
first record was scmetimes made decrecasced to 12 hours

in studies of time mortality at higher temperatures.

The criteria for recording the statec of the aphids was

the same as alrcady described,

Experiments with Birusscls sprouts grown

in nutricent solution (Long Ashton)

Erussels sprouts seeds were sown in sand trays and
tept in the controlled cnvironment room at 20°¢C +o
accelerate germination and growth of seedlings. When
the plants were about #4~5" long they were set in holes
in a black polythene sheet over a container of nutrient

solution,

Long Ashton stock solubion

chemicalsg in-- - - - - - - - - gm/2 litres of distilled

water.



2.
3.
4.
.
6.
7.
8.
%

10.

Kno5

Ca (N05)2
Na HP04 2H20
MgSo,, 7H20
Iron EDTA
MnSo4 4H20
CuiSo,, 5H20
Zn804 7Héo>'
H;BO;

(NH4)6M0702 41,0 .
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202
656
208
269
77.02
4,46
0.48
0.58
3,92
0,07

Recipe of the culture solution

Add 2 mls. cach of solutions 1, 2, 3 & L4

Add 1 ml. cach of solutioms 5, 6, 7, 8, 9 & 10

Plus 986 mls. distilled water = 1000 mls. standard

The seedlings t©

solution

ook almecst a month and a half to

attain a height of about 8-10". The plants were then

put individually into 2 1 1lb jam Jars painted black and

supplied with nutrient soluticn until they were large

enough to be uscd for experimenbs. Brussels sproubs

were grown in nutrient solution in order to get a supply

of well grown uniform plants with their developed root

system.,
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RESULTS

FIELD EXPERIMENTS 1968

This experiment was undertaken to compare the
field efficacy in toxicity and persistence of soil
applications of different Systemic aphicides against
aphid on brussels sprout plants.

EFFECTS OF APFTLICATICNS ON NATURAL POFULATIONS:

The effects of the granular insecticides app=-
lied to the so0il two wecks after transplanting the
Brussels sprout seedlings were assessed by weckly

counts of alatae, adult apterac and larvae of three

aphid species, M.persicae, M.cuphorbiae and B. brassi-

cae infesting the plants.

Live alatae were recorded separately but
apterae anc larvae were counted together as it was
difficult to make a clear distinction between them.

Separate counts of alatae ( table -1 ) showed

that B, brassicae began to colonise the crop aboutb
the 4th weck after treatment ( 3rd week in Junc), but

alatae of M.persicae and M.euphorbiae had alrecady

arrived by the time the first counts were made in the
2nd week of June. Data indicate that aphids of all

species stopped colonising the ¢rop in mid~July.
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Table 1 Mean numbers per plant of live alatae of aphids

found on Brussels sprout plants treated with

different systemic aphicides.

Mysus persicae (Sulz.)

Geometric mean no. of live alatae per plant

Treatments

Number of weeks after treatment

a 17

10 11

7

Aldicarb
Pirimicarb
Menazon
Phorate
untreated

Brevicoryne brassicae (IL.)

Aldicardb
Pirimicardb
Menazon
Phorate
untreated

Macrosiphum euphorbiae (Thom.)

Aldicarb
Pirimicardb
Menazon
Phorate
untreated
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The aldicarb and pirimicarb treatments kept all the
aphid species very scarce throughout the period of
colonisation. Phorate was the least effective. Al-
dicarb and pirimicarb also seem to act more gquickly
against the immigrant alatae as indicated by the

counts of live alatae which for the commonest species

M. euphorbiae never rose above0.11 per plant on the
aldicarb treated plants compared with 0.3%6, 0.68,
2.85, 2,1éfiirimicarb, menazon, phorate and untreated
plants respectively. The natural populations of all

species were relatively small. M.euphorbiae appeared

early, rcached peak numbers of27. 7 per untreated plant
in mid-June but disappeared by mid~July, seven weeks

after treatment ( Figure 2 ). M.persicae and B.brassi-

cac remained on the untreated plants throughout the

period of the gxperiment after reaching peak numbers
of 58,4 and 19,5 per plant about the end of June and
early July ( Figure 3 and 4 ), The comparison of
the susceptibility of the threc aphid species infes-

ting the crop indicates that B.brassicae was the most

susceptible species, since it was completely
controlled throughout the season by aldicarb, piri-

micarb and menazon., However, some B.brassicae sur-

vived on phorate treated plants and they remained
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Fig. No. 2 The effect of different soil applied systemic insecticides
on the populations of aphid larvae and apterae adults

on brussels sprouts plants (1968)
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Fig. No. 3 The effect of different soil applied systemic insecticides
on the populations of aphid larvae and apterae adults

on brussels sprouts plants (1968)
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Fig. No. 4 The effect of difflerent soil applied systemic insecticides
on the populations of aphid larvae and apterae adults

on brussels sprouts plants (1968)
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throughout the season reaching a peak number of 2,57
per plant in mid-July compared with 7.08 and 11.22

for M.persicae and M.euphorbiae respectivelye.

M.persicae and M.cuphorbiae were effectively

controlled by aldicarb and pirimicardb never reaching
more than 0.02 and 0.04 in the last weck of June
respectively and - completely disappééred by mid-
July. Menazon was slightly less effective showing

peak numbers of 0.21 and 0.28 for M.persicae and

M.cuphorbiac by mid-July and early June respectively.

The M.euphorbiae population in the phorate treatment

collapsed suddenly by mid-July ( Figure 2 ) whereas

M.persicae and B.brassicae persisted upto the end of

the season ( Figure % & 4). The results suggest that
aldicarb, pirimicarb and menazon treatments protccted
the plants throughout the 20 weeks period of the
treatment. The order of effectiveness of the insec-

ticides against the natural populations of aphids

aldicar§:>- pirimicaré:>- menazo§:> phorate

while the order of aphid spccies susceptibility

was:

appeared to be B,brassicaé:> M.persica§:> M. euphor--
biae. The scarcity of alatae after 7 weeks indicates
that no natural reinfestation was occurring at this

time. TFurthermore the protective ability of the
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chemicals was not fully tested because the infes-
tations were small. IFurther bioassay experiments were
therefore done to determine persistence at intervals

after treatment. (see next section)

BIOASSAYS

Aphid bioassays were done at regular inter-
vals after treatment and the results were agssured
as follows:

1. Inscct mortality.

(a) The uptake of the material by
Brussels sprout plants as indi-
cated by the time required from
soil treatment until maximum
mortality occurred,

(b) The persistence of toxicity in
the plants as expressed by the
time during which mortality was
maintained,
et i,

PN { e .

g,s_em_la.&s_gﬂt' determine persistence and.

1¢
egradation of toxicitye.

Laboratory reared late instar larval apterae

of M. persicae and B, brassicae were slecved at inter-

vals on young and old leaves of treated and untreated
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‘Table 2 Percent mortality of late instar larval apterae
sleeved on young leaves of Brussels sprout
plants treated with granules of four

different systemic insecticides,

Myzus persicae

Time  No.of Treatment and leaf age

eggmin Z?Egﬁ Untrggted Aldi. Pirimi- Menazon Phorate
nation soil control carb carb

(dates) appli-

cation
27 40,068 4. 12,5 100.0 100.0 U3 L8.6
11.7.68 6 11.5 100.0 100.0 . 70.7 21.1
8.8.68 10 0.0 98.7 775 2847 2%.7
29.,8.68 1% 0.0 55 537 33,7 40,0
12.9.,68 15 1.5 235 2543 19.6 11.5
28.9068 17 O.O 1507 ‘7.5 ‘7‘5 5.‘7
20.10.68 20 0.0 0.0 0.0 0.0 0.0
Brevicoryne brassicae

27.6.68 4 20.0 100.0 100. 0  100.0 62.5
1l.7.68 6 7e5 1000 100, 0O 08.6 50.0
8.8.68 10 0s0 1000 8347 50. O 41.%
22.8.68 13 0.0 8l.2 67.5 G2eb 5.2
12.9.68 15 2.5 55.5 42.3% 39,7 26, 0
2849.68 17 0.0 23,7 21.2 200 11.2
20.10.68 20 0.0 6.0 5.3 0e0 0,0



- 4] -

Table 3 Percent mortality of late instar apterae of
aphids sleeved on old leaves of Brussels
sprout. plaﬁts, treated with different
systemiec dinsecticides.

lMyzus persicae

g%me ﬁgégg Treatnent and leaf age
exani- after Untreated Aldi~ Pirimi~ NMenazon Phorate
nation soil control cardb carb
(dates) appli-
cation
11.7.68 6 12.5 100.0 100.0 08.6 48.8
8.5468 10 0.0 100.0 77 03,7 375
20.,8,683 13 0.0 95.1 €5.0 67.5 41,2
12.9.68 15 0.0 71,0 48,5 3745 204
28.9.68 17 0.0 18.0 16.2 15,0 6.2
20.10.68 20 0.0 5e5 1.8 0.0 0.0
Brevicoryne brassicae
11,7.68 6 225 100.0 100.0 100.0 65.2
Be8468 10 1.3 100.0 75.9 67.0 59.0
29.8.,68 13 245 o7 4 7%.1 87 .2 577
12,9.,68 15 0.0 7645 60.0 43,2 58.5
28.9.08 17 0.0 32,9 324 29.1 19.0
20.10.,68 20 0.0 5¢5 3.8 1.5 0.0
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Fig. No. 5 Corrected percent kill of late instar larval apterae of

Myzus persicae and Brevicoryne brassicae sleeved on

young leaves of brussels sprouts plants for one week.
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Fig. No. 6 Corrected percent kill of late instar larval apterae of

M. persicae and Brevicoryme brassicae sleeved on old

leaves of brussels sprouts plants for one week.
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plants as alrcady described ( see Materials and
Method ). Xills on leaves of treated plants were

corrected for kills of M, persicae and B. brassicae

respectively in untreated plants. The numbers of
dead aphids in each treatment aftcr one week

( Figure 5 & 6 ) show that aldicarb killed all aphids
of both species upto 10 and 13 weeks and continued to
kill 50% and 70% aphids upto 15 weeks after treatment
on young and old leaves respectively compared with
pirimicarb which killed all aphids upto 6 weeks and
more than 50% upto 13 and 15 weeks after treatment on
young and old leaves respectively.

The persistence of menazon was almost similar
to pirimicarb but with phorate the maximum mortality
never rosc above 65% and was about 40 -~ 50% kill
1% weeks after treatment. The rate of loss as indi-
cated by the decreasing toxicity in the sleeves,
appears to be relatively faster with phorate. In the
other insecticides pattern of loss wds almost simie-
lar, The complete loss of toxicity occurred after
almost 20 weeks in all treatments except phorate
where it was lést after 17 weeks. The rate of disg-
appearance of toxicity was slightly greater in young

leaves than in old leaves although leaf age seemed
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p

Table 4 Jumbers of progeny produced by aphids sleeved on
young leaves of Brussels sprouts plants for a
week in the field, trsated with different
systen ic insecticides,‘giveﬂ as percentages

of those in the control.

Iiyzus persicas

E}me ggég; Treatmenrt and leafl age
exanii—~ afber
nation soil Untreated Aldi- Pipimi- Menazon Phorate
(dates) appli- control  carb carb
cation
27 06,08 4 205 0.0 0.0 10.8 65.0
1107968’ 6 19? Ooo O-O 1509 9‘762
B.8.,68 10 206 0.0 23.8 60.2 577
29.8,068 17 176 72..2 52,8 110.2 104.0
12.9.68 15 156 5.5 £58.5 7545 82.%
28.5.58 17 108 47.2 48,1 85.2 86.1
20,10.68 20 128 59.8 ©69.0 88,0 96.5
Brevicoryne brassicae
27560 4 61 0.0 0.0 0.0 178.7
11.7.68 6 188 0,0 0.0 0.0 110,6
Be8.68 10 , 246 20.8 21.0 35,0 31.5
20,8.68 13 o4 1e.8 87.2 4.1 108.4
12,2.68 15 138 49,0 68.5 59.7 78,5
28.9.68 17 120 55.0 32.5 55.8 583
20,100,683 20 138 68,5 7240 88.0 98 .0



Table 5

Time

of
Gxzamd -

nation
(dates)

27.6.68
11.7.68

8.05.68
2C'9L‘06U
lLuo /oOB
28.9.68
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Yumbers of progeny produced by aphids slecved

for a week on old

leaves of PBrussels sproubs

- plants, given as percentaues of those in the

20.10.68 20

Myzus persicasz

contbrcel.
To. of
weelks
after
vreat- control
nent
l!. -
6 290
lQ 211
15 1415
5 112
17 o4
93

Feo.of progeny as
Untreated Aldi--

carh

OO

LW EOCO

e o & 8 & D

Oy O
Q-

rercentages of those_in
control

Previcoryne brassgicae

259
159
96
105
81
110

3,0
30.0
5.2
2 oLk
45.7
772

ITirimi~ llenazon Thorate
c.arb
0.0 0.0 4.1
27 .0 43,6 50e3
40,5 43,9 8349
55.5 76.0 89.5
65,1 65%.5 104,8
5.0 56.0 96.5
0.0 0.0 25.8
PO., 47,8 ©l.0
12.8 21.9 85,4
55.0 590 985
5.9 0x,2 123 4
35.0 9%.5 100.0
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to have relatively little effect on toxicity( com~
parison of figures 5 and 6 ). The order of
toxicity was:

aldicar§:>- pirimicarE:> menazo§:>- pho-
rate, thus reflecting the results with natural popu-

lations. It was confirmed that B. brassicae was

more susceptible than M, persicae ( Table 2 and 3 )

Data(in table 4 and 5 ) indicate that
effects of the treatments on reproduction of the two
aphid species were related very much.to their res-
pective toxicities. Aldicarb ., pirimicarb and
" menazon kept numbers of progeny very low, but with
phorate the numbers often reached those on the un-

treated controlse.

LEAT DISC IXPERIMENTS.

The toxicity of leaf discs removed from the
plants treated with one carbamate and one organo-
phosphate insecticide and kept under standaéised con-
ditions in the laboratory was used to get a more
accurate estimate of uptake and changing persis-—
tence than was possible in the variable conditions
in the field ( see Methods )« Mortalities of 4th

instar M. persicae and B, brassicae kept on leaf

discs from aldicarb and menazon treated plant



48 a,

Fig. No. 7 Percent mortality of late instar larval apterae of Myzus
persicae after 72 hours at 200C on leaf discs taken
from young and old leaves of brussels sprouts plants

treated with different systemic insecticides.
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Fig. No. & Percent mortality of late instar larval apterae of

Brevicoryne brassicae after 72 hours at 209C on leaf

discs taken from young and old leaves of brussels

sprouts plants treated with different systemic insect-

icides.
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for 72 hours at 20°C were corrected for control mor-

talities of aphids in untrcated plants (Figures7 & 8 ).
The results ( table 6 and 7 ) show that

aldicarb killed all B, brassicae and 80 - 98% of

M. persicae on young and old lecaf discs upto 9 weeks

after treatment compared with menazon whichkilled

60 - 93% of B, brassicae and 50 - 78% of M. persicaee.

Both the treatments started losing their toxicity
in about 10 weeks after treatment but aldicarb was

still killing about 66 - 83% of B, brassicae and

45 - 0% of M. persicae on young and old discs upto

14 weeks after treatment. DMenazon was also persis—
ting efficiently and killing about 60 - 70% of

B. brassicae and only 25% of M. persicae upto the

same period. The rate of degredation of toxicity as
assessed by decline in mortality of exposed aphids,
appears to be similar in moth ‘btreatments showing
no toxicity left by about 21 weeks after treatment.

As before B, brassicae was more susceptible than

M. persicae. PFurthermore, in these circumstances

the older leaves were more toxic than younger leaves.
Data in tables 8 and 9 show the effects of
treatments on numbers of progeny produced.
The results indicated:%hat the numbers of

progeny produced by aphids on treated leaf discs



Table 6

No. of
weeks
after
soil
appli-
cation
(dates)

8
22.7.68

9
30.7.68

11
15.8.68

14
%.9.68

17
24,9.68

21
29010-68

- 5] -

Percent mortality of late instar larval apterae

of Myzus persicae on leaf discs from young and

0ld leaves of Drussels sprout plants treated

with grenular formulations of different

systemic insecticides.

Time Treatment and leaf age

giami» Untreated control Aldicarb Menazon

nation YoUDE  old young old ~young old

(hours) disc disc disc disc disc disc
24 0.0 0.0 53,7 56.2 2.5 5347
ug 0.0 0.0 757 87.5 26.2 65,0
72 0.0 0.0 78.7 96.2 51.2 787
24 0.0 0.0 57.5 88.7 0.0 21.7
48 0,0 0.0 80.7 96.2 12.5 40,0
72 0.0 0.0 832.7  98.7 17.5 56.2
24 0.0 0.0 | 11.2 50,0 3.7 %e7
4.8 0.0 2.0 135.2 86.0 13%.7 75
e 0.0 2.0 45.0 902.5 23,7 40.0
24 0.0 2.0 5.0 22.5 2.5 5.0
48 2.0 4,0 10,0 60.0 3.7 12.5
V2 2.0 4.0 20..0 70.0 15.0 25.0
oL 0.0 0.0 0.0 15.0 1.5 2.0
48 0.0 0.0 2.0 45,5 2,8 9.5
2 0.0 0.0 20,0 52.0 12.5 19,5
24, 0.0 0.0 0.0 0.0 0.0 0.0
08 0.0 0.0 0.0 0.0 0.0 0.0
ve 0.0 0.0 0.0 0.0 0.0 0.0
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Table 7 Percent mortality of late instar larval apterae

of Brevicoryne brassicac on leaf discs from
young and old leaves of Brussels sprout plants

treated with different systemié . insecticides.

Noesof  Time Treatment and leaf age
weeks of ._ Untreaved comtrol  Aldicarb  lenazon
soil nation young old young old young o0ld
appli~ (hours) disc = disc disc disc disc dise
cabtion
(dates)
8 24 0.0 0.0 80.0 S0.0 38,7 6%é7
2247 .68 g 0.0 0.0 G7.0 100,0 56.2 8l.2
72 0.0 0.0 102,0 192,0 61.2 85,0
9 ol 2.0 0.0  87.5 0l.2 32.9 80,0
50.7.68 48 2,0 2.5 100.0 100.,0 52.5 92.3
e 2.0 575 100,0 100.0 62.0 9245
1l 24 0.0 0.0 25,0 57.5 375 5642
15.8.68 48 1.5 0.0 58.2 88.7 48.1 80,0
72 2¢55 0.0 66.6 93.7 ©6l1l.1 83&7
14 -4 0.0 0.0 12,25 52.5 16.0 32,5
545668 48 0.0 0.0 24,0 70,0 21.0 575
72 0.0 0.0 42,0 8%.7 275 76,2
17 2u 0.0 0.0 4,05 15,5 1.75 11.5
24,9.68 48 0.0 0.0 16.5 38.0 9,20 3%35,7
72 0.0 0.0 21.5 41.5 14,00 38,0
21 24 C.0 0.0 0.0 0.0 0.0 0,0
29,10.683 48 0.0 0.0 0.0 0.0 0.0 0.0
72 0.0 0.0 0.0 0.0 0.0 0.0



Table 8

No.of
weeks
aftexr
soil
appli-
cation
(dates)

8
224768

15.8.68

1
3.9.68

17
24.9,63

21

29.10.68

- 5% -

Humbers of progeny produced by aphids on leaf
discs from young and old leaves of Brussels
sprout plants treated with granular formu-
laticns of four different systemié’
insecticides.

Myzus Fersicae
g;me No?.’of progeny as peﬁg%%gg%gg ggn %gﬁe in
oxami~ Ontreated control  Aldicarb - Menazon
nation young old young old young old
(hours) disc disc disc disc dise disc
24 %06 256 15,00 11,50 50,90 21.60
4g 390 55H2 5.13 0,00 1&8.46 13%.13
72 507 512 12.61 5,08 5.90 3,94
2t 191 132 52.35 36.30 70.68 93.18
48 238 197 2%.95 5455 100,00 55,30
72 240 136 17.00 2.91 93.75 53.28
21, 190 203 59.41 34,97 91.58 79.40
48 177 167 583.75 19.16 94,92 7%.05
72 228 155 44,30 19,70 83.68 38,42
24 156 119 29.49 53,78 82,05 89.91
48 164 116 84,75 33,62 74,39 11,20
72 146 96 89.72 27.08 83.56 107.29
24 146 125 100.00 95.20 64.38 64,80
43 29 87 01.91 93.10 94.94 79.31
72 141 126 6%.10 49,20 61,00 46,30
24
48

72



TPable 9

No,o0f
weeks
after
soil
appli-~
cation
(dates)
3
22."7.68

14
3.9.68

17
24,9.68

21

29,10.68

- 5l -

Numbers of progeny produced by aphids on leaf
discs from young and old leaves of Brussels
sprout plants, given as percentages of those
on untreated conbrol discs,

Brevicoryne brassicae

g%me Fumbers of progeny as percentages of

exani those in control

nation Untreated control  Aldicarb Menazon

(hours)  young old young o0ld young old

disc disc disc disc disc disc

24‘ 55 24‘ 4‘5.0 5:05 95.0 7098
43 &0 58 0.9 0.0 26,7 17.2
72 oS4 126 0.0 0.0 18,0 6l
24 267 2247 20,0 13%.2 68.2 304
48 255 311 39.7 1.6 44.3% 40.5
72 216 129 0.0 0.0 38,0 20.2
24 185 178 56.7 59.0 100.0 9%43
48 222 239 25.2 15.5 76.6 33,1
72 259 229 35.1 11.8 4%.9 16.2
24, 193 173  66.3 30.6 66.8 65,3
48 174 150 C0.2 34,0 68.4 58,0
72 161 167 27.1 12.6 61.5 35.9
24 179 138 93%.5 92,8 39.1 5642
48 160 129 95.6 9%.8 53.1 21.7
72 209 131 55.0 67.9 45.1 19.0
24
43

72
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were usually related to the relative toxicities of
both the treatments, menazon and aldicarb. As toxi-
city decressed with interval after treatment a corres-
ponding increase in numbers of progeny produced was
recorded. It was also shown that more progeny were

produced by M. persicae on younger than older leaf

discs of both treated and untreated plants whereas

no marked difference was noted with B. brasgsicae.

FIELD EXPERIMENTS 1969.

An experimental design of Brussels sprout
plants was set up in the field to obtain information
on factors which affect absorption, translocation énd
persistence of the Systemic insecticide aldicarbv
applied systemically by different methods with and
without fertilizer which, it was thought, might
attract roots and increase uptake of the insecticide. .
The rate of application was reduced to one pound
active ingredient per acre to make the biloassay more
sensitive to effects of possible small differences

in toxicity of the different treatments.

INSECTICIDE PLACEMENT METHOUDS.

A = Dbase of the plant 2-3" deep in the soil
B

Hj

basc of the plant 2-3" deep + Fertiliser
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C = 9"=1' below the plant

Q"1 below + Tertilizer

H

E= 9"-1' Yo the side of the plant 2-3"
deep in the soil.

' = Untreated,

TORMULATICHE AND RATE OF APFLICLTICN.

A - 10% granulated formulation of aldicardb
applied at the rate of 1 1b., 2 - i per acre on
26th Junc 1969 to Brussels sprout seedlings planted
3 ft. apart. The fertilizer was applied at the
rate of 1.2 ounces per square yard ( 34,05 gms per
plant).
COEDITICH OF THE PLANTS AT THE TIME OF TREATMENT.

Plants were about 6-9" tall, healthy and
well established in the field. Iach plant had
about 5-6 leaves, weather was sunny and dry making
the soil surface also dry but moisture was Just
below the soil surface, No rain fell until the
4th Julye.

TREATMENT FPROCEDURE,

A s0il corer wag used to dig soil upto
the required depth below or to the side of the plant.
A 13" diameter iron pipe was then inscrted and

its hole cleared by inserting an iron rod. The
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fertilizer and insecticide werce then poured down

the tube and tapred onto place by means of the

iron rod. The pipe was then withdrawn. In the

case of B& D treétments, the insecticide was placed
by the same method on top of the fertilizer
already put in the hole. TIach hole was then closed

by pouring in loose soil.

EFFECTS OF TREATMENTS ON APHIDS,

A comparison of the effects of the different
placement methods was made by counting alataec,
apterae including larvae of aphids infesting the
crop. As before live alatae were rccorded separately
but apterae and larvae were counted as a whole
because of large numbers and bec.use it was diffi-
cult to diffcrentiate between adult apterac and
larval instars. Table 10 shows numbers of
live alatac present on all plants in each treat-
ment. Immigrant alatee ( Figures 9;10an141 ) of

M. euphorbiae and M.persicae started colonising the

crop just before or soon after the treatment ecarly
in July but stopped coionising about 4 wecks after
treatment ( last week in July ) by the time alatae

of B. brassicae first arrivééi»fThe number of alatae

of all aphid species found on the crop was consi-
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Fig. No. 9 The effect of different placement methods on the natural
populations of aphid larvae and adult apterae on

brussels sprouts plants.
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Fig. No. 10 The effect of different placement methods on the natural
populations of" aphid larvae and adult apterae on

brussels sprouts plants.
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Fig. No. 11 The effect of different placement methods on the natural
populations of aphid larvae and adult apterae on

brussels sprouts plants.
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derably smaller in all treatments then in the control
never reaching more than 0.62, 0.12 and 0.11 in mid-

July for M. euphorbiae, M. persicae and B, brassicae

respectively.

Many alatae of B, brassicae were found on the

crop late in the scason which wcere produced by the
persisting aphid celeries rether than immigrating
in the crop from outside., They were mainly res-

poﬁsible for the enormous build up of B. brassicae

untreated
populations on the/crop towards the end of the

sScason,.

M.cuphorbiae and M. persicae apterae

(Pigures 9,10& 11 ) remained on the plants for
4 and 7 weeks after treatment respcetively compared

with B. brassicae which arrived later but infested

the crop throughout the scason. Trecatments A, B, C &
D kept 2ll aphid spccies very scarce from the start
of the season; but E showed little effcctiveness

in the beginning when roots were possibly too short
to reach the treatment but indicated high efficicncy
by about 5 weeks after treatment ( Ist week in

August ). The most effective treatments weredA, B &
C. The trcatment given with fertilizer deep in soil
was the least effcetive ( D )a The toxicity of C

and T trecatments were lost comparatively fasterxr
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Table 11 Corrected percent mortality of late instar larval
apberae of Brevicoryne bragsicae on leaf discs
from young lcaves of Brussels sprout plants
treated with granules of aldicarb at the rate
of 1lb. a.i. acre using different methods of

application,
gggﬁ; E%me Treatment and lecaf age
efter exami-~
soil nation Untreated s
appli- (hours) control B
cation F B E C D A
(dates)
7 24 0.0 25.0 56.0 40,0 26,0 65.0
15,8.69 08 0.0 45,0 64,0 50,0 35.0 80.0
72 0.0 65.0 %2.0 60.0 60.0 93,0
8 24 0.0 20.0 46,0 33,0 1le.0 56.0
21.3.69 4.8 0.0 36.0 56.0 52.0 38.0 68.0
72 0.0 68.0 %0.0 62.0 58.0 86.0
9 24 0.0 16.0 32.0 28,0 14.0 50.0
28.8.69 48 0.0 28,0 46,0 36,0 30.0 58.0
72 0.0 56.0 6?,0 56.0 48,0 70.0
10 24 Ee0 8.7 4.3 13.0 87 0.0
9.9,69 ug 8.0 16,0 12,0 19,0 16.0 2.0
72 8.0 26,0 32,0 22,0 18.0 16.0
11 24 0.0 0.0 Q0 0.0 0.0 0.0
17.9.69 ug 0.0 52 NS 0.0 0.0 0.0
72 0.0 10,0 18.0C 8.0 6.0 2.0
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Table 13 Tercent mortality of late instar larval apterae

1&0 . Of
weeks
after
soil
appli~
cation
(dates)

2
10,.7.69
3
17.7.69
4
254769
5
5107969
6
78.69
'7 .
15.8.69
8
2le8469
9
28,8,69

10
9‘9 .69

of Myzus persicae on leaf discs from old
leaves of Brusscls sprout

plants treated
with granules of aldicarb at the rate of
1lb./acre using different methods of appli-
cation (Abbotts correction has been applied.)

Time

of Treatment and leaf age

exami- Untreated

nation control

(hours) F B E C D A
24 0.0 54,0 2.0 98,0 60,0 84,0
48 0.0 66.0 14,0 100,0 86,0 92.0
72 0.0 78,0 )4.0 100.0 94,0 100,0
21 0.0 98.0 34,0 80,0 74,0 90,0
48 0.0 102.0 62,0 100.0 85,0 190.0
e 0.0 102.0 68,0 100.0 92,0 100.0
24 0.0 100.0 S8.0 109.,0 94,0 100.0
48 0.0 100,0 100,0 100,0 96.0 100,0
72 0.0 100,0 1220,0 102.0 96,00 100.0
24 0.0 80.0 86.0 98,0 32,0 60.0
4.8 20 89.0 100.,0 100,0 59,0 91,0
72 2e0 91,0 100.,0 100.0 60.0 93,0
24 0.0 78.0 48,0 36,0 16,0 54,0
48 0.0 100.0 68.0 60.0 42,0 80.0
72 4.0 100.0 69,0 64,0 42,0 88.0
2“‘ Ooo Ll-6.0 5800 Lt‘OoO 22 O 28.0
48 0.0 58.0 66,0 2a 46,0 84,0
72 0.0 66.0 72,0 62,0 ©62.0 88.0
24 0.0 48.0 66.0 58.0 34,0 3240
48 0.0 58,0 78,0 68,0 44,0 50.0
72 0.0 72.0 84,0 72,0 56,0 78,0
24. 0.0 56,0 44,0 36,0 12.0 4,0
4.3 4,0 57.0 72,0 42,0 40,0 16.0
72 6,0 60,0 74,0 44,0 40,0 22.0
24 0.0 19.0 30,0 20,0 0.0 12.0
4.8 0.0 28,0 45,0 40,0 1l6,0 28,0
72 0.0 57.0 ©5.0 40,0 20,0 36,0



Table 14 Pevcent mortality of late instar larval apterae
of Brevicoryne brassicae on leaf discs from
o0ld leaves of Brussgels sprout plonts treated
with granules of aldicarb at the rabe of
11b./acre using different methods of
application (Abbot¥s correction has been

epplied.)
No,of Time
wgﬁks of Treatment and leaf age
after exani- ..
soil nation Untrgatid
appli~ (hours) CO% To B E o D A
cabtion
(dates)
7 24 0.0 48,0 64.0 72.0 76,0 96,0
15.,8,69 48 0.0 80,0 80.0 80,0 88.0 100,0
72 0.0 92,0 88.0 80,0 9.0 100.0
8 24 0.0 00,0 60,0 62.0 65,0 80,0
21.8.69 L3 0,0 76.0 78,0 76,0 82.0 88,0
72 2.0 90.0 84,0 82,0 ©0.,0 92.0
9 24 0,0 70,0 70,0 44,0 28,0 5,0
280409 48 0.0 80.0 75.0 66,0 60,0 62,0
72 4,0 86.0 80.0 61.0 65.0 62.0
10 24 0.0 40,0 42,0 24,0 24.0 32,0
2.9.69 g 0.0 66,6 62.0 36,0 40,0 50.0
72 2.0 80,0 &0.0 41,0 58,0 52.0
11 24 5,0 10.0 18,0 12.0 19.0 6.0
17.9.69 0.8 10,0 50,0 60,0 22,0 32,0 24,0
72 12.0 58.0 71.0 34,0 36.0 3040
12 24 0.0 2,0 14.0 2,0 4,0 2.0
2549.69 48 0.0 14,0 32,0 4,0 10,0 240
72 0.0 20.0 3%2.0 10,0 14.0 240
13 24 0.0 0.0 4,0 2.0 0.0 040
4.,10,69 48 0.0 8.0 14,0 4,0 4,0 040
- 72 0.0 8.0 18.0 6,0 10,0 4.0
15 24 0.0 4,0 10.0 4,0 0.0 6.0
21.10.69 48 0.0 4,0 1.0 10,0 0.0 10,0
72 0.0 12.0 28.0 16,0 0.0 12.0
18 24 0.0 4,0 0.0 0.0 4,0 0.0
18,11,.69 48 0.0 6.0 C.0 6.0 8.0 0.0
72 0.0 6.0 0.0 8.0 10,0 20
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than others. .11 treatments secm to have lost

their toxicity by about 20 weeks after treatment.
he order of btoxicity was §>> §>> §>> E:> D and
the order of aphid susceptibility to each treat-
ment was B.brassica€:>, Mo pers;ca§:> M. cuphor-
bise,

AR DISC REMOVAL BEXPIRTMENTS.

The evaluatior of uptake, persistence and
degradation of toxicity of the insecticlde was
made by exposing aphids on leaf discs removed from
two randomly selected trecated plants per plot and
kept under steondardised conditions at 20°c. Mor-
talitics of late instar larval apterae of M.persi-

cac and B, brassicae kept on leaf discs from young

and. old leaves of treated plants feor 72 hours were
corrceted for control mortolities of aphids on un-
trecated plents. Trcatments A, ¢ and D (Fig. 12 )killed

almost all M.persicae on old leaf discs 2 weeks after

trecotment compared with B and T which killed 78% and
349 vespectively. Toxicity increased gradually to
its highest level killing almost 100% and 26 - 4%

of M. persicae in all treatments on old and young

discs respectively by about 4 weeks after treatment

(4th week in July). Declinc in toxicity started
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" Fig. No. 12 Persistence of activity ot soil applied systemic aldicarb
applied at the rate of 1 1b a.i./acre, as shown by

kills of late instars larval apterae of Myzus persicae

kept on excised leaf discs for 72 hours at 20°C from:

young and old leaves of brussels sprouts plants.
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Fig. No. 13 Persistence of activity of 1 1lb/acre of aldicarb applied
about two weeks after transplanting, as shown by kills

of Brevicoryne brasicae kept on excised leaf discs

from young and old leaves of brussels sprouts plants

for 72 hours at 20°C.
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first in treatment D (deep treatment + fertilizer),
(Tables 11 & 12 ) showgthat young leaves were the
first to lose their toxicity ( by mbout 9-10 weeks
wecks after treatment ), Eompared with oider

leaves which showed longer persistence and gave

more consistent results with both M., persicae and

B, brassicac. Treatment A, B and C (tables 438&14,Fig13)
gave 70 - 80% kill of M, persicae and 90% of B,bra-

ssicae on o0ld leaf discs upto 8 weeks after treat-

ment. Treatment E killed almost 65% M. persicae

and 71% of B., brassicae on 0ld leaves upto 10 and

11 weeks after treatment which probably was the
most persistent treatment compared with b which

killed 58% of M. persicac and B. brassicae upto

10 and 11 weeks after treatment. Toxicity scemed
to havé)%(.%lst competely by about 18 wecks after
treatment ( mid-November ). Fertilizer treatments
( Band D ) did not show any marked diffcrence in
their toxicity from treatments without fertilizern
(A and C ).

-SEEEVE TESTS.

The method was the same as already des-
cribed in field experiment 1968 ( page 44 ). The

numbers of dead aphids in each treatment after one

week ( table 45 & 16) show that all treatments
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Table 15 Corrected mercent kill of late instar larval
' apterae sleeved on young leaves for a week
in the field.

Myzus persicae

Time ~ No.of :
Treatnent and .
of weeks . Treatment and leaf age

e
exami~ after vChUTeeted

nation soil control
Rl - D
7.8.69 6 4.0 96,0 100.0 96,0 33.0 100.0
21.3.69 8 6.0 80.0 50.0 66,0 46.0 7640
11.9.69 N 6.0 14,0 24,0 29.0 42,0 8.0
25.9.69 13 2.0 8.0 12,0 10.0 15.0 2.0
Brevicoryne brassiceae
11.9.69 11 10.0 59.0 40.0 48,0 &4.0 18.0
25.9.69 13 10.0 4.0  33.0 3.0 33,0 17.0

9.,10.69 15 5.0 4,0 22,0 6.0 12.0 8.0
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Table 16 Corrected percent mortality of late instar
larval arterae sleeved on old leaves for

a veek in the field.

Myzus persicae

Time No.of

of weeks Trestment and leaf age
exami~- after

: p Untreated

?gg%g? 2;;%1— control
cation T B E C D A

24.7.69 4 4,0  100.0 43,0 102.0 83,0 100.0
750,69 6 6.0 100,0 100,0 102.,0 95,0 100.0 =
21.,8.69 8 2.0 92.0 86.0 100.0 76,0 96.0
11,9.69 11 6.0 78.0 85.0 50.0 60,0 61.0
25.9.69 13 0.0 18,0 30,0 22,0 26,0 10.0

Brevicoryne brassicae

11.9.69 11 13.0 86.0 92.0 72.0 100.0 95.0
25.9.69 13 16.0 5%.0 71.0 11.0 67.0 47.0
9.10.69 15 6.0 28.0 36.0 8.0 18.0 20,0
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Fig. No. 14 Persistence of activity of aldicarb applied at 1 lb/acre,

as shown by kills of Myzus persicae sleeved for & week

in the field on young and old leaves of brussels

sprouts plants.
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killed 8% - 100% and 95 -~ 100% of M. persicae

6 weecks after treatment on young and old leaves

respectively and continued to kill 50 - 78% on old
(Fig.14)
leaves after 11 weckst B. brassicae being more

susceptible as shown earlier ( page 47 ) were used
later to assess the toxicity i.e. at a time when

M. persicae might no longer be much affected. The

results ( tables 15 & 16) show that all treatments
killed about 18 - 84% and 70 - 100% B, brassicae upto

11 weeks after treatment on young and old leaves

respcctively. More than 60% of B.brassicae were

killed in treetments B, D and E on o0ld leaves upto

13 weeks after treatment compared with M. persicae

where kill did not rise above 30% at 13 weeks.



- 75 -

Laboratory experiments

Laboratory bioassays were done to compare the
systemic action of the four organophosphorus and carbao-
mate insecticides on the two aphid species at different
temperatures. Leaf discs were trected with different
dosages of insecticide and then kept in constant cnvirons—
mental conditions either at 159C or 20°C or 25°C. Lab-
oratory reared adult apterac of M. persicac and B.
brassicae were separately cxposed on treated leaf discs
(Galley 1968) and mortalities werc recorded at regular
intervals of 24 hours ond continued up to 72 hours after
treatment. In some experiments at 15°C and 25°C mortal-
ities werc a2lso recorded 12 hours ofter treatment and
continued uvp to the time no obvioﬁs mortalities occurrcd
or as long as leof Ciscs did not wilt. Dosage mortolity
curves were obtained with the range of known concentrat-
ions of insceticides ond were anelysed by the mothod of
probits (Fimney, 1952). Typical exomples of probit lines
rre shovn in figures 15&¥nd17818. From the calculated
lines it is possible to read off the doses of insecticide
corresponding to the kill obtained in the unknowvns, as
shcewn in the figurces described above. In proctice the
estimate of concentration of the unknown was calecuvlated

from the formala:-
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Fig. No. 16 Action of menazon on Myzus persicae through wick uptake

at 20°C.
24, 48 and 72 hours Probit lines

Menazon at 0.934%, 0.26%, 0.0043%, 0.0007%

Fig. No. 15 . Action of menazon on Brevicoryne brassicae by wick

application at 20°C.
2, 48 and 72 hours Probit lines

Menazon at 0.0043%, 0.0007%, 0.00012%, 0.00002%, 0.000003%
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Fig. No. 18 Action of aldicarb on Myzus persicae through wick uptake

at 20°C .
2, 48 and 72 hours Probit lines

Aldicarb at 0.05%, 0.0083%, 0.0014%, 0.00023%, 0.00004%

Fig. No. 17 Action of aldicarb on Brevicoryne brassicae through wick

uptake at 20°C.
24, 48 and 72 hours Probit lines
Aldicarb at 0.0014%, 0.00023%, 0.000007%, 0.0000011%
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concentration = Antilog 10 3%2 + m

where y = corrected probit kill of the test aphid.
b = slope of regression line calculated from

- known concentrabtions of inscceticide.
m = ID50 calculated from the regression line,

Some sources of error were evident when calculating the

unlnown concentration, firstly the error of position and

slope that may be found on the standard regression line

and seccoendly the error in determining the kill of aphids

caused by the unlmown sample. An approximate estimate

of standard crror from an unknown (i.e. & percentage

kill based on cither 24, 48 or 72 hours counts) waes

caleculated from the formula

a
b

where b
o
D1

Wo

>
£

SXIH

> =32
J T (%)
NoVWo niqwq Sxx

= slope of regression line calculated from
known concentrations of insecticide.

numbers of inseccts from sample to give
estimated ratio.

number of insects tested at each known cone-
centration.

il

weighting coefficient gorresponding to nog,
or nl,

1l

log 10 councentration.

U

weighted mean of log 10 conecentration.
cetimates of weighted sums of squares of X.



The object of the first five bioassay experiments was to
find the range of concentrations of aphicides affecting
M. persicae and B. brassicae, their relative suscept-
ibility and the reproducibility of +the results; 'a' and

'b' of the following bioassays were done simultaneously,

Bioassay no., 1

& M. persicae (adult apberae) on leaf discs treated
with menazon at 20°C.

24 hours 48 hours 72 hours
ID50 + S.E. 2.99 + 0.085 2.6 + 0.09 2.18 + 0.106
Formula of the line 0.33 + 1.2x 1.0 + 1.9x 147 + 1.11x
Slope + S.I. 117 £ 0113 111 £ ,02 1.1 + 12
Chi. sq. 1.92 211 2.2%
D.F. 3 3 3

b B. brassicae (adult apterae) on leaf discs treated
with menazon at 20°C,

24 hours 48 hours 72 hours
ID50 + S.E. 1,66 + 0,164 0.87 + 014 1.80 + 0,182
Formula of the line 3,47 + 0.53x 3,84 + 0.62x 4.51 + 70x
Slope + S.E. 0.53 + 0,084 0462 + .12 0.696 + ,01

Chi. sq. 2,28 ~ 3,52 567
D.F. 3 3 3
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Bioassay no, 2

a M. persicae on leaf discs treated with menazon at
20°C to show reproducibility of results.

24 hours 48 hours 72 hours
ID50 + S.E. 3.61 + 0,103 2.7 + 0,13 2.17 + O.+99
Formula of the line 1.08 + 0.85x 2,27 + 0.72x 3.03 + 0.62x
Slope + S.E. 0.85 + .06 0.72 + .05 62 + 02
g}:’uﬁ: SQe 25,'1 23,52 '15095

b B. brassicac on leaf discs treated with menazon at

20°C.,
24 hours 48 hours 72 hours
IDS0 + S.%. 1,28 1 0,144 0.60 + 0.13 1.85 + 0.165
Formule of the line 3.4 + 0.7x 3,75 + 0.78% 4,41 + 0.69x%
Slope -+ 8.I. 0,705 + .12 .78 + 0,03 0.694 0,05
Chl° Sq° 1098 2911 zez’l‘l!‘
D.F. 3 3 3

Bioassay no. 3

a2 M. persicase on leaf discs treated with pirimicarb at

20°C,
24 hours 48 hours 72 _hours
LD5O ’!‘ SoEo 237 + Oooq 1‘? i Oa/l.'] 1‘02 i 0045
Formula of the line 1.19 F 0.9x 1.36 ¥ .99x 1.98 ¥ 0.96x
Slope + S.E. 0,9 + 0,04 0.99 0,13 0.96 % 0.12
Chi. sa. .42 2.07 %5.65
D.F. ] 3 3



b B. brassicac on leal discs treated

with pirimicardb

at 20°C,
24 hours 48 hours 72 hours
ID50 + S.E. Tolth + ,09 1.9 + 0.06 1.34 + 0.24
Formula of the line 1,56 + 0.,99x 3.82 + 0,63x 4.03% + 0,73
Slope + S.E. 0.99 + 0,07 0.63 + 2,05 0.73 + 0,09
Chi. sq. 2,06 3,39 41 ’
D.F. 3 3 3 '

Bioassay no. 4

2 M. persicac on leaf discs treated with aldicarb at
20°C,
24 hours 48 hours 72 hours
IN50 + S.E. 4,9 + 0.48 4,02 + 0.49 2.5 + 0.25
Formula of the line 3,07 + 0.33% 3.3 + 0.32% 3.8% + 0.35x
Slope + S.E. 0.33 + 0.11 0.32 + 0.07 0.35 + 0,07
Chi. sQ. 2,20 0.4 1.56 -
D.F. 3 3 3

b B. brassicae on lcaf

with aldicaxrdb at

20°C.
24 hours 48 hours 72 hours
ID50 + S.E. 2.6 + 0.33 1.6 + 0.26 0.5 =+ 0,18
Formula of the line 3.27 + 0.52x 3.84 + 0.41x 4.26 + 0.51x
Slope + S.E. 0.52 + 0,02 0.41 + 0,13 Q.51 + 0,14
Chi. sQ. 1,51 1.34 O 44 :
D.F, 3 3 3



Bioassay no. 5

a
200C,

LDSO + S.0.
Formula of the line

Slope + S.E.
Chi. sq.
D.F,

b B. brassicae on leaf

20°C,

ID50 + S.E.
Formula of ‘the line

Slope + S.IL.
Chi. sq.
D.F.

M. persicae on leaf discs treated with phorate at

24 hours 48 hours 72 hours
4,1 + 0,08 343 + 0,07 2.3 + 0.11
1.45 + 0.13 1439 + 0.01 0.98 + 0,05
147 2.1 C 4,99
3 5 3

discs treated with phorate at

24 hours 28 hours 72 hours
3.7 + 0.19 2.7 + 0.12 1.7 4+ 0.17
1¢32 + 0.75% 2.22 + 0.78x 3.5 + 0.54x%
0.75 + 0.01 078 + 0.06 054 + 0,11
Q.42 3.98 0.40 "

3 5 3
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species
Relative toxicities of insecticides to the two aphid /

atv20009

In biocassay experiment no. 1 the estimated LD50
values of menazon after 72 hours were 0,0015% and O.
0.0000063% for M. persicae and B. brassicae respectively
and with o fiduvuecial probability of 95%; the true values
for the median leothal dosc would be expected to lie be-
tween 0,0025% and 0.00091% for M. persicae and 0.000014%
and 0.0000028% for B. brassicae. In bioassay no. 2 i
kills cof aphids 72 hours after treatment were very
similar to those of bioassay no., 1 (LC50'S 2,17 and T 85
for M. persicae and B. brassicae respectively) thus
showing the reproducibility of the results under similar
laboratory conditions (compere biocassay 1 and 2). The
concentrations required to get a probit line for pirim-
icarb were about © times less than for menazon and in
experiment 3, 72 hour kills rose to about 94-100% 4n
the top three doses (Appendix table 1). Aldicarb
surprisingly in view of field resulfs was less effective

than pirimicarb, menazon and phorate,.

The relative resistonce of the two aphid species
remained different. Thus LC50'8 indiceted that at 20°C
after 72 hours M. persicae was about 4 times more
resistant then B. brassicae to phorate, about 65 times

to pirimicarb, about 100 times to aldicarb and 190
times to menazon.



Bioassay no. 6

a M. persicae on
200C.

L'D5O + S.BE,
Formula of the line

Slope + S.E.
Chi. sqg.
D1,

b M. persicae on
200¢C,

IJDSO + S.E.
Formula of the line

Slope + S.E.

Chi. sq.
D.Ir,

Bioassay nc. 7

a . Eersicae on
200¢,

ID50 + S.H.
Formula of the line

Slope + S.%.
CIlic Sqa
D.F.

- 85 =

leaf discs treated with menazon at

24 hours 8 hours 72 hours
2.98 + 0.09 2,50 + 0.14 2,18 + 0.12
2.7 +* 0,97% 2.65 + 0.94 2,60 1+ 1.07x
0.97 + 0.94 + 1.07 +
2.01 1.9% 2.14
3 3 3

with pirimicarb at

24 hours 48 hours 72 hours
2.73 + 0.08 1.32 + 0.30 1,18 + 0,34
1.8 T 1.2x 3%.85 F 0.87x 3.89 ¥ 0.93x
1.19  0.09 0.87 + 0,10  0.93 + 0.04
2,49 1.79 2,2%

3 3 )

lcaf discs treated with menazon atb

24 hours 48 hours 72 hours
2094 i 0.1 2.50 2:’0015 20 ;J; Oc’i5
2,04 F 0,952 3.50 ¥ 0.78x %3.17 & 0.98%
0095 i’_ On04 0078 i 0902 0098 :l; 0005
0.48 2.35 6.66
3 3 3
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Fig. No. 19 Dose-response regression lines for Myzus persicae to

the systemic action of menazon and phorate at 200C.
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b M. persicae on
~ 20°¢,

IJ:DBO + SoEo
Formula of the line

Blope + S.E,

Chi. sq.
D.F.

Bioassay no., 8

a

M. Eersicae on
200¢,

ID50 + S.E.
Formula of the line

Slope + S.L.

Chi. sg.
D.F.
b M. persicac on

20°C.

ID50 + S.IB.
Formula of the line

Slope + S.XE.
Chi. sqg.
L.Fo

-~ 87 -

leaf discs treated with phorate at

24 hours 48 hours 72 hours
3,99 + 0.02 2.99 + 0.03 2.22 + 0,11
034 + 1.41x 1.92 + 1.16x 2.71 + 1.12x%
Tol1 + 0,01 1.16 + 0,08 1,12 & 0,07
14,84 5.3 0.96
3 3 3

leaf discs treated with menazon at

24 hours 48 hours 72 hours
3,27 + 0,06 2.32 + 0,13 2,10 + 0,15
0.05 ¥ 1.51x 2.94 + 0.89x 2.88 + 1.01x
1.51 + 0,06 0.89 + 0,05 1.01 + 0,05

1.79 0.79 2011 .
5 3 3

leaf discs trected with aldicarb at

24 hours 48 hours 72 hours
4,95 + 0,43 4,00 + 0,49 2.55 + 0,19
2.01 ¥ 0,62x 3.68 + 6,33x 3.9 + O.43x
0.62 + 0.06 0033 +0.13 0.43 + 0.11
1.19 2,17 2.62
3 3 3
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Bioassay no. 9

2 M. persicae on leaf discs treated with phorate ab

20°0¢,
24 hours 48 hours 72 hours
IDS0 + S.E. 4.08 + 0.1 3.25 + 0.08 2.24 + 0.12
Formula of the line 1.17 ¥ 1.07x 2.07 + 1.03x 3,03 + 0.91x
Slope + S.E. 1,07 + 0,04 1.03 + 0,01 0.91 + 0.07
Chi. sq. 3.48 7.57 5.34
D.T. 5 3 3

b M. persicae on leaf discs treated with aldicarb at

20°C.,
24 hours 48 hours 72 hours
LD50 + S.E. 5.00 F 0.48 4,02 + 0.26 2,50 + 0.21
Formula of the line 2.27 + 0.59x 2.7 + 0.6%x 4.04 + O.4x
Slope + S.E. 0.59 £0.02 0.63 £0,1 Oo4 & 0.M
glj'}:“ 5Q. 5’5,,25 52‘,’16 35.,49

On the basis of LC50's after 72 hours at 20°C, relative
toxicities of insecticides to M. persicae are: pirimicarE:>

menazo§:>. phorat§:> aldicarb. Based on LC50's

(Appendix 2. ) pirimicarb was about 10 times more
toxic than menazon, about 13 times more toxic than

phorate ond about 26 times more toxie than aldicarb,
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Table 17 Effect of time interval after treatment on
the order of toxicity of insefticides against
M. persicae at 20°C.

. Time
séggigs interval Insecticides
- (Hours)
24 pirimicarb 1.78>menazon 11.8>
phorate 3./>aldicardb
M. persicae 48 pirimicarb 14 menazon 4.5>
phorate 1 ldicarb
72 pirimicarh enazon 4¢3D>
phorate ldicarb

The results after 24; 48 and 72 hours (table4?) indiceate
no change in the orxder of toxicity; 72 hour. kills were
more consistant than 24 hours e.g. in five experiments
(Bioassay nog.1 = 5) the LC50 of menazon for M. persicae
in ppm of leaf ranged from 0,30 - 0.38 after 72 hours
compared with 2.03 = 10,0 after 24 hours.

appendix
The data in/ftable 2 was used Lo calculate the order

of toxicity of insecticides to B. brassicae at 200C
(table18).
pirimica?E:>menazé§:>aldicarb phorate
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Table 17 Effect of time interval after treatment on
the order’ of toxicity of insefticides against
M. persicae at 20°C.

: Time
sAggigs interval Insecticides
p (Hours)
24 pirimicarb 497B>menazon M.
phorate 3.72>aldicarb §;>
M. persicae 48 pirimicarb 14 >menazon 4°§D>
phorate 71 ldicarb
72 pirimicarbh J1O>menazon 1°§>>

phorate g>ﬂldicarb

The results after 24, 48 and 72 hours (tableq?) indicate
no change in the order of toxicity; 72 hour. kills were
more consistant than 24 hours e.g. in five experiments
(Bioassay nog.1 - 5) the LC50 of menazon for M. persicae
in ppm of leaf ranged from 0.30 - 0,38 after 72 hours
compared with 2,03 - 10.0 after 24 hours.

appendix
The data inftable 2 was used to calculate the order

of toxicity of insecticides to B. brassicae at 200C
(table18).
pirimicarb menazqﬁ>>alﬂica§§)>phorate
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Table 18 The order of toxicity of insecticides to
B. brassicae at 20°C.

Time of
Aphid exam- . .
species ination Insecticides
(Hours)
24 pirimicarb 1. enazon 5.8
aldicarb 20.2>phorate &
B. brassicac 48 pirimicarb enazon 8°§D>

aldicarb g>phorate

72 pirimicarb 3. >menazon 5‘2$>
. aldicarb 15>phorate



Bioassay no. 10
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& M. persicae on leaf discs treated with pirimicarb at

150C.

ID50 + S.E.
Formula of the line

Slope + S.E.
Chi. sq.
D.¥.

24 hours 48 hours 72 hours
2.83 + 0,09 2.3 + 0.09 1.98 1 0,07
0.08 F 1,09 =0,32 ¥ 1.24x ~3.18 ¥ 1.95%
061.09 + 0,12 124 + 0,01 06195 + 013
3.U42 1.04 4,52
3 3 3

b M. persicac on leaf discs treated with pirimicarb at

26°C,

ID50 + S.E.
Formula of +the line

Slope + B.E.

Chi. sq.
D.F,

Bioassay no. 11

24 hours

1.40 + 0.09
2.09 ¥ 0.98x

48 hours 72 hours
1.8 + 0.08 1.2 + 0.23
1617 + 1.56x 3.69 + 0.94x

0.98 + 0,03
12.71

3

1.56

:!_'_ 0'05 0594- i 0008
56925

2 B. brassicac on leaf discs treated with pirimicarb at

159C,

1ID50 + S.E.
Formula of the line

Slope + S.E.
Chi. sq.
DoFo

24 hours 48 hours 72 hours
1.66 + 0.08 1.33 + O 09 1.06 + 0.04
0.97 + 1.09%x 1.68 + 1.x 2.37 + 0.88x%
1.09 + 0.01 1.0 + 0,03 0.88 + 0.03
8.13 6. 39 6.25
3 3 3
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b B. brassicae on leaf discs treated

250C.

ID50 + S.E.
Formula of the line

Slope + S.E.

Chi. sq.
DGFG

Bioassay no. 12

a2 M. persicac on

ID50 + S.E.
Formula of the line

Slope + S.E.
Chi. 8q.
DOFO

b M. persicae on

ID50 + S.E-
Formula of the line

Slope + S.E.
Chio qu
D.F.

with pirimicarb at

24 hours 48 hours 72 hours
1.1 + 0.12 2.8 + 0.32 2.3 + 0,32
3.42 + 0.47x 4,77 + O l4x 4.6F + 0u54x
0,97 + 0,04 O.44 + 0,05 0.54 + 0;02
0.84 1,12 2.05 ,

5 3 3

leaf disc tregted with aldicarb at 15°C,.

24 hours 48 hours 72 hours
5.51 + 0,46  4.64 + O. 2% 3.5 + 0.26
0.18 ¥ 0.74x 1.95 ¥+ 0.54x 2.63 + 0.53x
0784 + 0,17 0o54 + 0,05 0.53 + 0.1
0.33 0.79 1.28
5 3 5

4o6 4+ 0,64 2,10 + 0,30  T.26 + 0,77
.14 F 0.33x 4.13 F 0.28x 4.9 ¥ 0.38x
0.3% + 0,07 0028 + 0,12 0.39 + 0,06
0.34 12.23% %.54

> 3
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Bioassay no. 13

a M. persicae on leaf disc treated with aldicarb at 15°C.

24hours 4B8hours 72hours
ID50 + S.E. 5.1940,. 34 4.52+0,21 30484024
Formula of the line 2.84+0,83%x 3.26+0,79% 4.,2940.7%x
Slope + S.E. 0.,8%+0:D 0.794£0.13 0.75£0.05
Chi. s8q. 2.39 2.13% 2479
D.F. 3 ) b

b M. persicac on leaf disc treated with aldicarb at 25°C.

ID50 + S.E. 1,5040,29 | 1 08440, 31 1,2940 .56
Formula of the line 2,13+1.7x %625+0:33x  2.944+0.39x%
Slope + S.E. 0.37+£0.11 0.5%+0.05 0,3440.12
Chio Sqn /1 095 204'1 5029

D.F, 3 3 3

Effect of temperature on toxicity of aldicarb and pirim-

icerb to the two aphid species.

The results of bioassay experiments 10-13 show that
under the conditions of the technigque used toxicities of
pirimicarb and aldicarb increased greatly with increasing

temperature during treatment (Table19 ).
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Fig. No. 20 The effect of temperature on the rate of kill by pirimi-
carb and aldicarb applied systemically against M.

persicae and B. brassicae.
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Table 19 _
ml

Fhe effect of temperature on the toxicity of piricarb and
aldicarb against M. persicse and B. brassicae.

Aphid species

Insecticide Temperature M. persicae B. brassicae
(1.C50 ppm) (LC50 ppm)
e 159G 0.24 0.028
Pirimicarb 250¢ 0.000L 0,00005
. 150C 7.9
Aldicarb 2500 0.0005

The results show that with both aphid species an increase
of 10°C from 15°C to 25°C increased toxicity of pirimicardb
after 72 hours by about 600 times and that of aldicarb by

about 15800 times against M. persicae. The time mortall

curves (Flgo 20) do not indicate intrinsic dlference 1n}
This difference could be caused by a number of factors

includiné (a) greater uptake by the leaf at the higher
temperature; (b) greater uptake by the aphid due to
increased feeding rate at the kigher temperature, (é)
intrinsically greater toxicity at the higher temperature
i.e. positive temperature coefficient of action as is |
known to be characteristic of many organo-phosphorus in-
secticides; (d) different effect of temperature on
function of metabolites, (e) greater fumigant action at

the higher temperature.



Effect of change in Gemperature on toxicityiaftér'an

Table 20
initial uptake of sldicarb for 24 hours

Temp~- o 0 .. 250 50 - ” o
erature 150C 15 2500 250C 25. 15 C,
pggﬁgﬂt 0.25% 0.01%|0.25% 0.01%}.00008% 0.00000064%}0.00008% 0.00000064%

Time

after -

treat-

ment . o
24 hours| 44% 0.0 [90.0 18 22 i 0 0
48 " 80% 0.0 {100 38 62 36 10 8
2 " 100% 38,0 [100 o4 84 60 48 32

b

...96..
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The possibility that uptake from the "wick" by the
leaf disc was an important factor; was investigated by a
small experiment in which leaf discs were kept for 24 hqurs
.at one temperature while the ingecticide was being taken
up‘and were then transferred to insecticide free units and
tested at another temperature. Unfortunately the "controls"
kept at the same temperature throughout, were not removéd

to insecticide-~free units after 24 hours.

Nevertheless results (table 20) show that for example,
a concentration of 0.C0008% aldicarb taken up at 25°C and
then tested at 15°C killed 48% of aphids compared with
38% by a concentration of 0.01% kept constantly at 1590
in continuous contactwith insecticide. Uptake from the
wick by the leaf disc was seemingly therefore a major
factor increasing the toxicity at the higher temperature.
Similarly the 0.00008% concentration kept continuously
at 259C caused 84% kill compared with 0.01% transferred
from 159C - 259C after 24 hours which killed 94% of aphids.
Again greater uptake at 25°C is seemingly a major cause

of the difference,
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SECTICN 4.

LABORATORY STUDIRES ON COMPARATIVE UPTAKE
FROM SAND AND PERSISTENCE AND TOXICITY
OF TWO GRANULAR INSECTICIQES IN
BRUSSELS SPROUTS AT 20~C,

This experiment was done as part of a
series aimed at understanding the reasons for re-
lative inactivity of phorate in brussels sprout
plants after soil application. The relative
effectiveness of granular phorate and aldicarb
was debtermined after application to sand in which
bruésels sprouts were grown. The possible effects

of adsorption of insecticide by soil was minimised.

POT EXPERIMENTS USING SAND CULTURE.

Young brussels sprout secdlings grown in
nutrient solution ( Sec Materials and Methods )
were transferred into 9" pots containing sand. The
plants werce kept in a constant environment room at
20°C and wabered with nutrient solution until they
were large enough to be used for experiments,

Granular formulations of phorate and aldi-

carb were poured around the stem about 1" deep at the
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rate of 0.1 1b a.i. per acre ( 95 mg/plant). Treat-
ments were rcplicated into 4 pots and "controls"
consiéted of 4 potted plants with unitreated sand.
Leaf discs from young and old leaves of
treated and untreated plants were rcmoved at regular
intervals and 10 laboratory rearéd late instar larval

apterae of M. persicee werc put on each leaf disc.

Mortalities of aphids after 72 hours (table22 )
show that aldicarb killed all aphides on young and
old discs upbo 4 weeks after treatment and killed
ebout 43% and 93% 7 wecks after treatment on
young and old discs respectively comparcd with
phorate which killed all aphids upto 2 weeks after
trcatment on young and o0ld leaf discs and killed
26% and 44% 7 wecks after btreatment on young and
0ld leaf discs respectively. Thus loss of toxicity
started ecarlicr with phorate treeted plants. Some
toxicity was still showmn in beth the trecatments
upto 11 wecks after treatment when 20% and 8%
were killed on old leaf discziz?dicarb and phorate
respectively. 014 lecaves appear to have either
taken up large amounts of insccticide and maintain
the toxicity for longer periods or they continued ‘
to take it more cfficiently than young leaves which,

although ceusing higher kill soon after trcatment,
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Table 22

Percent mortality of late instar larval aptcraec of M.
persicae on leaf discs from young and o0ld leaves of
Brussels sprout plants treated with aldicarb and phorate
granules in sand at 20°C (Abbott's correction has been
applied)

Treatment & lecaf age
- > P ® 3
No. of week . '
- Time of Untreated . "
qftggoiggd oxamination! Control Aldicarb | Fhorate
* young!old }youngiold ;youngjold
(Dates) (Hours) |3igc |aisc|aise |aise|disc |disc
1 2L 0 O {100 | o4{ 98 | 74
7/2/69 48 0 0 100 1100 { 100 90
72 0 0 100 {100 | 100 96
2 24 0 0 92 o4 S4 %6
14/2/69 48 0 0 100 9 | 100 986
72 0 0 100 {100 | 100 | 100
4 24 0 2 56 89 52 75
4./3% /69 48 0 2 %6 97 72 89
72 0 2 9% | 100 84 93
6 24 o | o 121 70| 10| 20
18/%/69 48 0 2 20 89 20 43
72 2 6 32 93 28 46
7 24 0 0 18 o4 8 10
25/% /69 43 4 2 33 85 16 20
. 72 4 2 43 93 26 v
10 24 0 0 0 2 2 2
15/4/69 48 0 0 6 16 4 1 10
72 0 2 18 24 6 1
11 24 0 0 0 0 0 o}
22/4/69 48 0 0 0 8 o} 0
72 0 _ 0 10 » 20 0 u 8
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lost toxicity more quickly cither by distribution
of insecticide to other rapidly growing leaves
of the plant or from less upbake,

At the rate of application used initial kills
were virtuaily 100 per cent by both chemicals but
later the greater kills by aldicarb indicate greater
toxicity and ( or ) greater persistence than phorate.
The results therefore show that soil does not affect
the rclative toxicities of the two chemicals i.e.

phorate is still less active in the abscence of soil,
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SECTION 5.

EFFECTS OF DIFFERENT METHODS OF APPLI-~
CATION OIf THE RELATIVE UPTAKE, TRANSLO-
C/IION, PERSISTENCE AND TOXICITY OF
PHORATE AND ALDICARB IN BRUSSELS
SPROUT. PLANTS GROWH IN NUTRI--

ENT SOLUTION AND AS POTTED
PLANTS

;A series of laboratory cxperiments were
donc to study the cffects of different sites of
application, on the uptake; translocation and per-
sistence of phoratc and aldicarb by brussels sprout
plants grown in nubtrient solution and as potted
plants. They were done to indicate whether trans-
location was interfered within parts of the plant
other than thce roots. Potted brusscls sprout
scedlings were grown in constant environment room
at 20°C. The plants were later rcmoved to the
laboratory for the following mcethods of opplication
to be nade,

INSECTICIDE APCTLICATION

Freshly preparcd aldicarb dissolved in
cellosolve or acetone was injected carefully sloping
dovnwards at 450 into the central parenchymatous

cells of pith region of stem of each plant. As
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. plént
the plants were potted, cxact weight of individual/

could not be determined so the exact parts per
million treatment could not be made for each plant,
An cstimated amount of 10ul /plant (Iul = 10pg )
was, therefore; injectced and the exact ppm treat-
ment was calculatcd later from the weights of cut
parts of plants., Thc acrial parts of the plant were
uscd for chemical estimation of the parent compound
and its biolegically active mctabolic products.
Several plants were injected of which some were
rcmoved to 15°C and cut from tho pots at differcnt
intcrvals ( as carlicr described ) to be weighed
and then frozcen for chemical analysis. The re-
maining treated plants were taken to the 20°%¢

CeTe room for leaf discs to be rwemoved at differcnt
intcrvals for aphid bioassays. Controls were
treated only with solvents. The bioassay results
in tablc 23 show that the translocation to the
acrial parts of the plent was not properly com-
pleted one day after treatment as indicated by low
mortalitics of aphid spceies, but aphid mortality

of 50% M. persicae and 80% B, brassicac 4 days

after the treatment indicated sufficicnt trans-

location and perhaps conversion to more toxic
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metabolitces. The disappearance of the insccticide

or its metabelites started in about 3 - 4 days after
trcatment as indicated by decrcasing aphid mortalitics,
Toxicity appeared to persist for about 4 wecks after
treatment or even later but aphid mortality was
considerably lowered 3 wecks after treatment, As
shown by the results in table 23 the solvent

whether acetone or cellosolve did not make any

difference in toxicity or show any adverse effects,

CHEMICAT, ANATYSIS

The residuc analysis of aldicarb and its
metabolites was donc by thin loyer chromatography

( telsco ) as described by Skrentny and Ellis (1970)

Some of the deteils of aldicarb analysis are as follows:-

Wt. of plant

A ~r9 ;
material  Coleulated ~PRPToximate

Time after

Treatment treatments - ~ (ppm in
: (excluding  Treatment :
(Days) rools) green)
1 26.4 gn Z.35 ppm
LAldicarb 3 31.8 n %01 i 2.5 ppm
7 27.2 " 2.7 "
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Table 23

Percent mortality of late instar larval apterae of l.
persicae and B. brassicac on leaf disc from Brussecls
sprout plants injected with 3.5 ppm and 1.75 ppm of
aldicarb using acctonc and cellosdve as solvent respect-
ively at 20°C. |

No. of days Time of Treabment and aphid species
after examination . :
A " Untreated Aldicardb Aldicarb
1?%thlon (Hours) control (3.5 ppm) (1.75 ppm)
ys)
I\I{OPQ Bbbo I{{QPO Bobo MOPO BﬂbO
2L O O 0 0 2 0
2%19e% 48 0 0 g 8 10 10
72 0 0 16 14 22 18
24 o) 0 12 34 2 0
c qays 48 6 0 30 b6 & a4
/1789 72 0 o 30 s 2 26
0
7 days Eg 8 8 i
10/1/69 92 0 34 16
24 2 0
14 days a (O) 16 1
17/1/69 2 0 % 12
‘ 0 0 0
21 days ig 0 6 >
24/1/69 7 0 10 4
28 days ig 8 % 8
31/1/69 o2 0 4 0

Key to the table

M.p. Myzus persicac

B.bs Brevicoryne brossicae Aphid species was not used
for bioassay 4 deys after the
treatment.
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Approximate average trcatment based on wet weight of
2 whole plants (greens included leaves with their
petioles and stem) cxcluding roots for different inter-

vals.

Table 24
Percent of aldicarb remaining at intervals after injcct-

ion in brusscls sprout plants.

Sample Period of brcakdown and quantity detected

B. sprouts Days

% remoining

O W

7
Aldicarb ] 0
Sulphoxide 106 | 100 | 88.0

s ™

Sulphone O 0 2.0

% loss 0 0 I 10 ¢ !

Plant pesticide mesidue analysis was made by thin-layer
chromatozraphy (t.l.c.) and the results indicate that
aldicarb was completecly broken down 24 hours aftcr treat-
ment because it was readily converted into its sulphoxide.
This metabolitc stays as such for about 6 days and then
starts getting converted into sulphone and at thc same
time shows loss of about 10% onc week after trcatment.

A comparative analysis by thin-layer chromatography

(tolec.) of the fate of aldicarb (table ) injected
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into three crop plants shows that brussels sprcouts and
beans converted 50% of the parent compound into aldicarb
sulphoxidec after 6 hours and almost all by 24 aours
after the broabment compared with 15% and 50% by
potato plants. Brussels sprouts and potato plants
showed 50% oldicarb sulphoxide and 2% and 0,0% of
aldicarb sulfonc in about two weeks after the treat-
ment resvectively comparced with beans which had 20%

of aldicarb sulphoxide and 75% of aldicarb sulphonc,
It has beoen furthor shown that 20% aldicarb sulplhioxide
still persisted in Brussels sprouts for sixz after the
treatmont compared with only 5% in beans. Data

)

indicate that brussels sprouts and wpotato lost about
50% of cldicorb metebolites in 2 weeks compared with
only 5% in beans. It was further estimated that 50%
of aldicarb in its metabolite forms was still present
in becan plants 56 days aftcr injecbtbion compared with
30% in brussels sprouts 42 days after injection,.

The rabe of mebabolism appeared to be faster and
similar in beans and brusscls sproubts than potato
but the rote of degradotion was highest in brussels
sprouts and lowest in beans. It was also shown

that bean wos the first to convert aldicarb sulphoxide
to its sulphone (5%) 1 Cay afﬁor treatment and

increased to 50% and 75% in 1 and 2 wecks after
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Percent of cldicarb remaining at intervols after
injection into 3 crop plants.

Beans

Hours Days after injection
% remaining | 1 | 6 | 1 P 3 [ 7 {aalesizselss] 70
Aldicarb 90 50 0 0 0 0 ) 0 0 0
Sulphoxide 10 50 95 { 80 {50 {20 |10 5 2 1
Sulphone 0 0 51 20 |50 {75 ({70 |65 148 | 25
% loss 0 0 0 0 0 5120 130 | 50 72X

, 3 3 b 3 b

brusscls sprouts

Hours Days after ainjection
% remaining 1 6 1 1 3 ' 7 {14 128 f42 56 | 70
Aldicarb 8 %0 0 0 0 0 0 0
Sulphoxide | 20 | 50 {100 {100 |88 |50 |30 {20
Sulphone 0] 0] 0] 0] 2{ 2110 |10
% loss 0] 0 0] 0O |10 448 60 {70
LPotatocs
Hours Days after injcction
% remaining [ 1 | 6 | 1 3 | 7 |1 tog 2|56} 70
Aldicard 100 85 | 50 1 01 0
Sulphoxide 0|15 1 50 i S0 {80 {50
Sulphone 0 0 0 l Ol 0] O
% loss 0] 0 0 i 9 120 {50 | ' |
Ilotes 1 - 50 vy ofaldicaib stem injeceted at
150C
2 - plant 3 wecks old
5 — 1 q_ n 1
4 - 100 ug ofaldicad injected at 15°C
5 - Plants 4-5 wecks old



treatment respectively compared with brussels sprouts
which showed only 2% of aldicarb sulphone in two wecks

and none in beans.

Seetion 5 (iii a, b) Comparison of the relative uptake

and toxicity of aldicarb injected into the stem and

petiole of the brussels sprcut plants.

It was hoped to disbinguish possible effects of
stem or petiole on efficiency of translocation of the

inscectiddes.

Young brussels sprout secdlings were kept at 20°0C
C.T. room ané¢ when grown to about &-10" long, were
removed to the laboratory for insecticide treatment.
Lach plant was taken from its pot, washed its roots
carcfully dried and the whole weight then taken.
The cxact dose to be made to the plant could then be
calculated in a ppm basis. In the case of petiole
treatment, leaves of the same size were first weighed
and the opproximate cmount of the insccticide was then
injected into ingividual lecafl petioles of each plant,

plants :

All the treated/were put separately into narrow mouth

flasks at 20°C containing nutrient solution.

Rioassay results (table 2/ of aphids kept for 72

hours on leaf disc taken regularly from treated plants
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Table 26

Percent mortality of late instar larval apterac of M.
persicac and B. brassicac on leaf discs from Brusscls
sproubt . plants injected with 5 ppm of aldicarb in
acebone into the stem and petiole of the plant. (i.e.
ppm of total weight of plant).

. mix 7L a 3 “ejoa
Mime after Cv:;ggqggon Trcatment and aphid species
o S = treated sor “atiole
trecatment (hours) Untrecated Stem Fetiole

control treatment treatment
M.I)g Bebo I\IuP. B.bo Mcp. Bob.

. 24 O O 100 100 60 64
one _Cey 18 O O 100 100 80 90
3/69 22 O O 100 100 92 100
o 24 O 0 10 50 30 58
2ne7week ue 0 0 54 4 66 4
2/5/69 72 o o 64 s8s 8 98

. B4 0O 0 o 0 0 0

3 ye;ég 48 0] 0 0 2 26 28
9/%/69 72 0] 2 12 32 48 85
. 2 0O 0 4 8 12 36
By 48 0 0 10 20 54 83
72 2 0 3 68 83 9

) 24 O 0 g8 10 10 16
“3‘*/’3%8 48 0O 0 10 416 20 30
: 72 2 0 28 44 %6 78

on 0 0 2 6 0 4

5 w?oks 48 0 0 8 14 L 14
10/4/69 72 o 2 16 24 16 20
24 0O 0 O 0 O O

g wgegs 48 0 0 0 0 0 10
7/4/69 72 0o 0 8 A4 10 12
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showed that all ephids of the two species werc killed
by both the treatments one day efter the treatment.
Stem treatment killed 64% of M. persicae and 84% of

B. brassicac one weck after the trcatment and continued
to kill 34% of M. persicac and 68% of B. brassicac up
to 3 wecks after the treatment comparcd with petiole
troatmont which killed 88-83% of M. persicac and 98-96%

of B. brassicae for 1-3% wecks. Aphid mortalitices showed

little difference between the treatments one day after
the treatment but labter greater kills by petiole treat-
ment showed greater vpbtake or greater conversion into
toxic metabolites than stem treatment. Toxicity also

e
appeared o have persisted up to 6 weks alfter treatments.

Section 5 (iii- a,b, and ¢)

Eveluation of uptake,.,translocation ond toxicity of

aldicarb through the stem, petiole and the root system

of brusscls sprout. plants grown in nutrient solution.

This experimcnt was undertaken to compare the
relative effcctiveness of aldicarb epplied by the
difforent methods as Jjust described cxcept that all
wore comparcd in one cxperiment, and dosages were
based on the part trecated rather than in the total
weight of the plant. Thﬁs in the petiole treatment,
the leaf along with its petiole was removed from the

plant and weighed and then treated with cxactly 5 ppm
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of aldicarb based on the leaf and netiocle weight only.
Root uptoke was probably more cfficient in plants grown
in nutrient solution than with plants grown in soil as
the root system of the latter became damaged while
removing and while washing off the clinging particles of

soll and dried leaves.

Insecticidce application

(a) Stem injcetion. BTach plant was removed from nubri-
cnt sclution and ivs roots werce dried before the whole
plant was weighed and then injected with 5 ppm of the
insccticide., The treatment waos replicated 3 times.

. Tach treated plant was separately put into flasks
having nutrient solution,

(b) Petiole uptake. Leaves of almost equal sizes were
removed from the plants and werc sceparately put into

3" x 1" glass tubes having 5 mls of distilled water
with 5 ppm of insccticide. The trcated leaves as such
were put outside to accelerabe the uptake which took
ncarly 2 hours to be completed. Iach leaf was given
another 5 nl of distilled water to be absorbed in order
to make sure that no inéocticide was left in the tubes,
(¢) Root uptoke, The roots of each plant were sceparately
put in 10 mls of distilled water in glass tubes having
5 ppm of insccticide. The uptake was again accclerated

by either pubtting cutside or supwnlying forned ecriation
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Table 27 Percent ncertality of late instar larval apterae of M. persicae on

leaf cdise from brussels sprout plants treated with 5 ppm of aldicarb by different
methods. (Abbot's corrcction has alrcady be applicd)
Time Time of Treatment and leaf age

after  cxam- Untreated

treat- ination Stem injection Putlole uptake Root uptake

< centrols
ment (Hours)
(Deys) Margin Centre Mgrgin Centre Margin Centre Margin Centre
1 dag ed 0 0 90 60 100 95 10 10
/8760 18 Q 0 100 95 100 95 55 35
N 72 0 0 100 100 100 100 75 20
H
1o 24 0 0 90 55 70 46 65 55
o/eks 8 0 0 55 85 90 55 &% 2
72 0 0 95 85 95 75 85 75 o
jaze G 8 S k7 I
52 35
12/8/6% 72 0 0 80 76 25 42
oA 2U 0 0 2.5 0 15 5.5
gg/'g-;gg 48 0 0 15 10 17.5 20
7 72 0 0 45 32 52 28
r o o1 0 0 2.5 0 12 0
31 8/t 48 n 2 12 2 18 0
7/ 72 4 2 16 6 o6 L



- 114 -

in the glasshouse which took about 2-3 hours including
additional 10 mls of distilled water after the insect-
icide uptake. All the treated plants were then trans—
ferred to 20°C C.T. room and put separately into

flasks having nutrient solution.

Leaf disc was removed froem the margin and ccentre
of leaves ¢f the treatced plants and the results of
aphid mortality after 72 hours indicate (table2?)
that stem and petiole trcatments killed all M. persicae
on merginal and central leaf discs for 1 day after
treetment and continued to kill 95%-85% end 95%-75%
cn marginal and central discs up to 4 days after
trcatment respeetively compoarcd with root treatment
which killed 75%-70% for one day after trcatment and
85%-75% up to 4 days after trecatment. KXills of 80%-
76% on marginal and central discs were Still shown up
to 1 weck after treatment respectively compared with
620%-15% in root trecatment. Unfortunately the leaves
given the petiole treatment did not survive for a
week after trcatment cnd thus Aid not show the full
persistence of aldicarb. Aphid mortality decereased
similarly in stem and root treatments below 16% and
26% 3 weecks after trecatment respectively but a more
rapid decline was shown by disc from the lcaf centre

than from marginol areas of the leaf.
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The uptake and translocation appearcd to be more
rapid in stem and petiole trecatments than in root
treatment but the persistence wes Similar in all the
three trecabtmentse.

Section 5 (#Hi-d)

Comparative uptake and toxicity of aldicerb and phorate

applicd by injection into the stem of brussels sproub

plants grown in nutrient sclution

This cxperiment was done to compare the relative
effeetiveness of phorate and aldicarb injected into the
stem of brussels sprout plants grown in nutrient
solution. As before dosage was based on the whole
weight of plant. A trecatment of 5 ppm was injectedd
and the treated plants were kept in 20°C C.T. room

for aphid bioassays.

The rcsults (table 28) indicated that eldicarb
killed about 90% of M. persicae one day after the
treatment and still killed morc than half of aphids
vne week after the treatment comparcd with phorate
which killed 60% and 32% 1 and 7 days ofter the trcat-
ment respeetively. Aldicarb wos still killing about
16% M. persicae 3 weeks after the treatment compared

with phorate where kill was almost negligible.

It thercefore shows that phorate is cither trans-
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Table 28

Percent nmortality of M. persicae on leaf disc from
brussels sprouts treated with 5 ppm of aldicarb and
phorate.

Mime after Mime of Trecatment and aphid species
treetment  examination  Untreated  Aldicarb  Fhorato
control MaPe MeDe
24 0] 16 8
1 day '
4.8 0 50 26
7/7/69 72 0 89 60
2l 0 12 4
* days 48 0 32 10
10/7/69 72 0 88 48
one week ig 8 22 g
13/7/69 92 0 58 22
two week ig 8 22 2
20/7/89 72 0 32 16
esx 2 : -
27/7/89 72 0 16 i

located inefficiently than aldicarb or is metabolised
more slowly which confers its inactivity even through

injection uptake,

Section 5 (iv-a)

Effect of different methods of application on the

efficiency and toxicity of aldicarb

This was done to study the efficiency in uptake of
aldicarb applied by injection into the main vein of +the

leaf disc and by wick application. The results in



Table 29 Percent mortality of late instar of larvel apterae of M. persicae
on leaf disc treated with different doses of aldicarb by two methods.
(Abbotys correction has already been epplicd)

Time f Treatment
Insect- Method of %igzg_ Dosages in ppm wet weight of leaf d&isc

icide fapplication| ...+ TUntreated]

:
(Hours)| control |20 PPm|15 ppmi10 ppm}> ppm|2.5 ppm

Injoction | oy 0 o | 56 | 46 | 28
. 18
Aldicarb t%g?g main g 0 100 30 9% 68 | 66 a
e 72 n 100 95 95 84 72 :33
1 p|  wick P 0 & |0 | % 36 1 36 |
Lldicar . . , 0 8 100 50
application{ o5 6 100 | 100 97 | 100 { 70
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(Bable29)indicated greater kill 24 hours after wick
application than injection into the main vein but little
difference in mortalities was shown 72 hours after
treatment by the two methods of application. Both
methods of application indicate efficient uptake of

the insecticide by leaf disc.

Section 5(iv-b)
This experiment was done (o compare the relative

uptake and persistence of toxicity of phorate and
aldicarb applied through root system of brussels sprout
plants grown ip nutrient solution. ZEach plant was
dipped intio known amount of insecticide in relation to
the treatment (ppm) based on the whole weight of plant
and after a complete absorption of insecticide by plants
they were separately put into flasks containing nutrient
solution and Xkept in 20°C C.T. room. Aphid bioassay

of 72 hours (table30) at two different intervals after
treatment indicated that aldicarb killed 54% and 76%

of M. persicae at 15 ppm treatment on leaf disc removed
5 and 24 hours after trcabtment respectively compared
with phoratte which killed 2% and 40% at 15 ppm treatment.
The uptake of phoréte appears to have been completed but
its subsequent translocation to the aerial parts of
plant is either considerably reduced due to blockage in
roots or the compound was nct metabolised to be effect-

ive against aphids. Leaf disc taken after 5 hours was
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probably too early for adequats bwanclocatlon and (or)
metabolism of phorate which gave only 2% at 15 ppm and
no kill in all other treatments compared with aldicarb
which did demonstrate an uptake and translocation
killing almost half of aphids at the top dose. The
uptake and metabolism of aldicarb and metabolites were
much more efficient 24 hours after treatment.

Table 30
Corrected percent mortality of M. persicae on leaf
disc from brussels sprout plants treated with phorate

and aldicarb at 20°C.

Time Treatment

Insect~ Method of tggzgf Dosages in ppm based on

icide application ment wet weight of whole plant
Untreated
control 1510 5 2.5 1.25

. 24 0 20 2 2 O 0
Aldicarb Rgoflo%;;g 4.8 0 50 20 16 2 0O
72 0 54 31 26 4 0
, . 24 0 O 0O 0 0 0
Aldicardb pp°F Oﬁ;}; 48 0 60 48 46 8 4
72 0 76 72 54 12 8
. 24 0 2 0 0 0 0
Phorate Rgogoﬁﬁ; 48 0 200 0 0O
72 0 2 0 0 O 0
. 24 0 O 0 O © 0
Phorate  Soo0 oﬁ';g 48 0 1812 8 & 0
72 0 40 24 16 8 0
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Section 5(v~a)

This experiment was also done to study the relative

uptake and translocation of phorate in brussels sprouts
and beans in the sbsence of a root system. This might
also indicate why phorate is relatively inactive in
brussels sprouts. The mature plant leaves of plants
grown in a constant environment room at 20°C were
femoved and their petioles put in 5 ppm of phorate in
water with and without DNP at 15°C. Another treatment
was selected where DNP was added after an initial uptake
of phorate. All the leaves werc dipped for 24 hours.
The results (Lable 31) of aphid bioassay on leaf discs
from 24 hours of uptake thrbugh the petiole of dipped
leaves indicate that beans killed about 20-26% and 5S4~
84% of M. persicae after 24 and 120 hours of exposure
respectively compared with 0-6% and 8-14% in brussels

sprout. leaves.

Unfortunafely no chemical analysis was done to
estimate the phorate residues in the two different
plant species which might have indicated a greater
accumulation of phorate or that more has been convertced
into more toxic metabolites in bean leaves than in
brussels sprouts leaves., It appears that although
DNP inhibits the energy for active transport

phorate is still absorbed and translocated showing
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Table 31

Percent mortality of late insbtar larval apterze of M.
Persicae on leaf discs from'"petiole dip" uptake of

phorate for 24 hours at 15°C.

iTime of%Unvrcated control,

Flant | Treatments
an i exam— ke~ . -
P . . : 11 : - l
Bpeciestination! o odnd } st i DNP + ’Phorate
(Hourn), Dip ;Untre“ted’fﬂo*ategPhorate}then DNP
2 | 2 i 0 20 | 26 20
48 § 2 0 B 1 48 32
: 721 2 | o 1ous | w2 T
2 % 1 2 ; 0 60 84 i 52
20 [ 2 0 64 8l 54
244 0 0 0 6 2
. 48 0 0 2 8 4
a5 72 12 0 4 14 8
0 o
54 o6 2 0 6 (L B F-
ma | 4o 2 ;o i 8 loaw 142

Note  Freshly collected M. persicae

in brussels sprouts.

greater toxicity vhan in control.

l

which were not
starved were used in this experiment showing less kill

Tis could be explai-

ned on the basis that DNP is eitvther not effecetive in the

absence of root system or that more is metabolised into

toxic compounds. The addition of DNF after an initial

uptake of phoratc affects slightly showing less kills

than in phorate without DNP. Similer patterns of up=-

take and toxicity have Leer shown with respective
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treatments in brussels sprouts which as before indicated

less toxicity than in beans.

The results suggest theat the root system is not
the only factor responsible for the inactivity of
phorate in brussels sproubs but it ig either the absence

or poorly developed bransport mechanism,.

Section 5(v--b)

Lvelvation of roof dip upteke, metabolism and biologic-

ally active residue of phorate and ivs derivatives in

different parts of brussels sprout mnlants.

This experiment was undertaken in an attempt to
explain why phorate worked so poorly by root uptake by
brussels sprout plants. Perhaps brussels sprout: roots
do not contain active transport mechanism that aid up-~
take and trausliocation; an active transport inhibitor
dinitrophenol (DNP) was thercfore used to see whether
the absorption and translocation were less affected
then with other plants which might contain the active

transport mechanism,

Insccticide applicetion

Brussels sprout plants about 3-4 weeks old were
dipped into DNP 1074 ™ golution for 24 hours before
being treated with the insccticide. A treatment of

5 ppui in acctone was then given to untreated brussels
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sprout plants as well as to the plants alrcady dipped
in DNP, The plants were kept in the phorate solution
for about 24 and 72 hours at 15°C before being frozen

for chemical analysis of the plant parts.

Method of chemical cstimation of phorate

The roots and greens (green mcnms stem and leaves
with their petioles) of the treated and untreated plants
were separated and then frozen in polythene bags for
about 24 hours ot -20°. The frozen raterials werc then
crushed into smaller pieces and wecighed individually
before being put into bottles with 100 ml of Hexane:
Benzene (1:1 by vol.) solvent. Anbkyérous sodium sulphate
almost cqual to The welght of plant material was added
and the mixbture homogeniscd for 10 minutes and left over
night to settle completely. The material was filtered
off on a Buckner funnel having thin layers of woolly
asbestos and Hyflo supercel as a filter. The residuc
was further extracted with chloroform (100:30:30) in
separating funnels, shaken and then allowed to settle

for about 15-20 minutecs before being decanted.

Concentration

The filtrates were concentrated to 10 ml in rotary
film evaporators ot 40°C., The concentrated plant

extract was further rcduced to %+ ml over a warm water
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bath supplied with an air strcam. This % ml was then
cluted through a chromatographic column; a glass tube
(20.8 em x 1.4 cm) having a constriction at one end was
packed with asbestos wool and about 1" layer of gran-
ulated godium sulphatc. This was covered with about

8 cm of AplOz BDH (chromatographic grade) and finally
topped up by sodium sulphate. Another 100 ml of Hexane;
Benzene (1:1 by vol.) solvent was eluted through the |
column, The green colouring (chlorophyll) was removed
to a greater cxtent and the filtrates werc again con-~
centrated in a rotary film evaporator followed by warm
water bath cvaporation reducing from 10 ml to + ml which

was then ready for G.L.C. injection,

Aphid bioassays

Leaf discs were removed from trcated and untrecated
plants before they were frozen for chemical analysis.
This was done to show the presence of biologically
active compound in the leaves of brussels sprout plants
from 1 and 3 days of dip uptoke which could then be

relatod to the chomical analysis data,

The results of concurrent aphid bioassay (table32)
indicate that leaf disc taken from plants dipped in
phorate for 24 and 72 hours killed 35.5% and 50% of

M. persicac respectively compored with DNP + phorate
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Phorate + its deriveatives residue and Bioassay data of

Brussels sprout plants dipped for 24 and 72 hours at

150¢C,

Sample 24 Hours Dip i 72 Hours Bip
Brussels sprouts |Bioassay! G.L.C. {Bioassay} G.L.C.
Phorate Greens 25,5% 2.5 ppm] 50,0% 4,0 ppm
PhOI‘a'be ROOtS - 19904 " e 5,' 05 "
DNP + Phorate Greens| 2.5% 0.14 ppmi 18.3% 0,40 ppm
n n Roots - 10,%2 " - 4,0 n

Control Greens 0.0% - 0.0% -
" Roots - - - -
DNP Control Greens 2.0% - 0.0% -
n n Roots - - - - i
b b b p

trecatments which killed 2.5% and 18.2% after 24 and 72

hours of dip respectively. of

The chemical cstimation

phorate + its derivatives residues in plant extracts
(table?2) shows that phorate accumulated in roots to as

much as 19.04 ppm and 31.5 ppm after 24 and 72 hours of
upbtoke respectively compared with small amounts of 2.5
ppm end 4.0 ppm in greens. The DNP + phorate trcatments
also indicated similar patterns i.c. about 10,32 ppm and
14,0 ppn in roots and 0.4 ppm and 0.40 ppm in greens

after 24 and 72 hours of dip uptake rcspectively.
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This cxperiment was donc to study further the effect

of plant species on the differential uptake, ratc of
metabolism and toxicity of phorate and its metabolitces.
As has already been indicated in previous experiments,
brussels sprouts cither absorbed and translocated less
phoratec or converted it more slowly to its toxic met-
abolites. Dinitrophenol (DNP) (an inhibitor of energy
for active transport) was again used as one of the treate
ments in order to clarify the factors responsible for
inactivity of phorate in brussels sprouts. Two diffor-
ent pcriods of uptake; one shorter and thoe other longer
were sclected to see whether there was any differential

activity of phorate in the plant species.

Phorate uptake by the root system of plants

A set of three to four plants (about 4~6 wecks old)
of brussels sprouts and beans were dipped in 5 ppm of
phorate with and without dinitrophenol for 24 and 96

hours at 15°C.

Chemical analysis of phorate and its metabolitces

The oxtraction and clean up method of Menzer ard
Ditman (1968) was partly modified to get a more accurate
ecstimate of toxic residues in the plant material. A
mcthod of thin laycer chromatography (t.l.c.) was uvsecd

metabolite separation with gquantitetive estimation of
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phoratc and its sulphoxide and sulphone »nroducts. The
method is quite scnsitive as a quantity as small as C.5
to 1 mg of analytical standards of phorote and its mete-
abolites could be detected on silica gel plates. It is
however notcd that this method is only a semi-quantitat-
ive analysis end that an error of ebout + 10% could be
expected. All plant material collected for analysis of
phorate and its mectabolites was first frozen for about
24 hours at about -20°, Plant samplcs of 20-25 g. were
homogenised (in a M.S.E. homogeniser) for about 10
minutes with 150 ml of a solution of acetone and water
(1:1 by vol.) in a 400 ml glass jar. The solid material
was filtered off on a Buckner funnel which had layers of
wooll& asbestos, Hyflo suporcol and anhydrous sodium
sulphate. The filtrate was cxtracted in Chloroform
(3:1:1 by vol.) in separating funnels and then concentra-

ted to 25 ml in a vetary film evaporatpr at 40°C.

Clean vp method

The concentrated plant extract was cleaned by
adding about 1 g. of charcoal per 5 gm. of plent material.
The mixturc was ecvaporated to dryness over a warm water
bath by an air strcam and then taken up in acetone.
The resulting suspension wes added to the top of a chrom-
atographic column of sodium sulphate, Florocil ond

sodium sulphate. XElution with 100 ml of occetone removed
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phorate and its metabolites. This was concentrated on
a rotary film evaporator to about 5~8 ml followed by a
warm water bath with an air stream to complete dryness.
This was then made up in 5 ml of acetone. One ml of the
concentrated sample was dried by an air stream on warm
water bath again and then finally made up in 10-20 ml
of acetone for spotting on to glass platés (20 x 20 cm)
coated with silica gel and were developed in methanol
chiorgform (25:4 by vol.). VYhen the solvent front had
recached about 20 mm from the top of the plate they were
removed from the solution and dried and sprayed with
palladiumchloride and sodium hydroxide. Fhorate and its
sulphoxide and sulphone developed yellowish brown spots
at Rr 0,82 , 0.54 and 0,75 respectively. ZEstimates of
the amounts of these compounds werc made by comparing the
size and intensity of colour of the spots with thosc of
known standards spotted along the éidc of the sample.
Phorate and its 5 metabolite were combined and then
spotted at scveral concentrations to allow valid conpanr-
ison with several reference spots. The standard separated
into the following serial order: Fhorate, phorate sulph-
onc, phoratoxinphorate sulphoxide, phoratoxin sulphone

and phoratoxin sulphoxide,

The bioassay results in (table 33) indicated that

an uptake of phorate for 24 hours by the roots of plants
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killed 38% and 18% of M. persicac on ieaf disc after 72
hours by phoratc and DNP + phorate treatments respective—
ely in brussels sprouts compared with 48% end 20% in
beans, whercas toxicity appeared to have greatly increa-
scd from an uptake of 96 hours killing 46% of M. persicae
on phorate treatment in brussels sprouts compared with
50% and 28% in phorate and DNP + phorate treatments
respectively in beans. Unfortunaetely the 96 hours DNP

+ phorate treatment proved phytotoxic in brussels sprouts
which completely wilted. The chemical analysis of
phorate and its sulphoxide and suvlphone products by thin
layer chromatogrephy (t.l.c.) demonstrated thet o dip
uptake of 24 hours accumulated 25 and 10 ppm of phorate
in brusscls sprouts roots from phorate and DNT + phorate
trecatments respectively compared with 2 and 1 ppm in
beans. The dip upbtake of 96 hours showcd a corresponding
increase having 35 ppm of phorate in phorete treated
brussels sprout moots and 5 and 2 ppm in pherate and
DNP + phorate treatments respectively in bean roots.

The analysis of the grecn parts of treated plants

showed thep about 2 and 1 ppm and 0.5 and 0.5 ppm of
vhorate from phorate and DNP + phorate treatments in
brussels sprouts and bean greens respectively. No
phorate was detccted after 96 hours of uptake by botk

the plant specieso



Table 33 Percent mortality of late instars larval epteroe of M. persicae
5 - — it ettt a———
end chemical estimation of phorate and ivs netabolites in brussels sprouts
and beans.

Plant | o - ] Dan
species Brussels sprouts - Beans
Treat- Roots - Greens Roots | Greens
ments N y =
i -2 -3 ? .
3 mDK@ - T - R o i _)N'.L" + ) - DNP <+
Phorate!l &y, ‘hate FPhorate DITP hhorat¢ Ihorate Fhorate iy iiate ;
After Bio- Bio- Bio- Bio- 3
24 hours assay! assay assay assay O
of v - s
uptake
Thorate 25 10 2 38% 1 18¢% 2 1 0.5 | 48% 10.5 | 20%
PSo 5 2 1 0.8 3 1.5 11.25 0.75
FSop - - Trace Trace - - - -
Motal |28 pom | 12 3 - | 1.8 5 ppm | 2.5 11.75 i1.25
After % i
96 hours :
of f
uptake ;
Fhorate| 35 o | ueg i 5 2 - | 50% | - | 28%
PSo 2.5 | 2 ; 2.5 1.6 2.5 T
! i ! - - iO. -
Flo2 = 2 | | 4 10.1 g
f ! 3 } i :
Total | 37.5 | Doy _ L | 7.5 | 3.6 |26 1.5 |
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The oxidative metabolites of phorate (table%3 ) appeared to be
similar in quantity in both the roots of brussels sprouts and beans
while showing almost half of quantity of metabolites in DNP treatments.
As shown éarlier in the case aldicarb metabolism in beans, phorate was
also more rapidly metabolised to sulphoxide and sulphone than in
brussels sprouts which are indicative of higher toxicity to aphids.

It was more obvious in 96 hours of uptake where no phorate was found
in greens either in brussels sprouts or beans but gave aphid kills of
L6% =nd 50% which could only be regarded as due to conversion products

of phorate to sulphoxide and sulphone.

The results therefore clearly indicate that 2, & dinitrophenol
inhibited partly the active translocation of phorate from roots to
stem and leaves, and the difference in aphid mortality on leavas was
due to different rate of metabolism in the two plant species i.e.

higher in beans than in brussels sprouts.



Discussion

Ficld cfficacy of soil anplied systemic insccticides

against aphids on brusscls sorouts plants (1968)

Effects on natural aphid populations:

The mumbers of live alatae (Table 1) and their
progeny including adult apterae (Figs.2, 3 & 4 ) of three
aphid species colonising the crop irdicate that aldicarb,
pirimicarb and menazon acted effectively not only against
immigrent alatae and ! p their numbers very small dbut

ere alsc effective in controelling the subsequont build
up of progeny which is the causc of damage to the crop.
Fhorate was surprisingly less effective than the others
and was the only treatment where apterae of M. persicae
and B. brassicoc persisted up to the end of the season
(figs 3& 4). In gencral, however apnid populations

vere small due tce small infestotions by migrants.

Sleeve tests
Fairly naturel onvironmental conditions prevailed

in slceve tests where aphids were caged for a week on
: 30 that there was

lcoves attoched bto the field plants / continuous
uptake of insccbticide from the treated soil.

As organophosphorus and carbamzbte insecticides
are known to hc changed chemically either in soil or

in the plant or in the insect (Ahmed and Casida 1958;
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Meun & Hoskins, 1962; Calderbank, 1965 and Bull, 1965)
the bioassays of soil epplied systemic insccticides
therefore indicaté the toxicity of possible conversion
products as well as that of the original compounds. In
the slecve tests at 2 1lb/acre, aldicarb, pirimicarb and
menazon treatments showed high toxicigg/%%%gi%he beginn-
ing of the season (i.e. 2 weeks after trecatment) not
only providing effcecctive control of naturally occurring
immigrant alatae in July (Table 1) but also persistence
against aphids sleeved subsequently on the plants thus
providing pood protecticn of the crop for about 15 weeks
after treatment. TFhorate as shown oarlierggg?gitggaghe
populations was less active killing only 50% of aphids
from 413 wecks after treatment and thus gave a poor
protection to the crop (Tables 2 and 3 ). The order of
cffcctiveness of the above mentioned insecticides against
aphids was: |
aldicarE:>jpirimicar§:>-monazon phorate
All treatments showed higher kills of both aphid

species in old leaves then in young ones and the greater
susceptibility of B. brassicae than M. persicaec was also
confirmed by tests with leaf disc removed from field
treated plants. A more accurate estimate of upbtake and
changing toxicity of one carbamate and one organophos—

phate insecticide was undcertaken to amplify and to
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for which
confirm earlicr results/ aldicarv and menazon were

chosen. FExperiments with these showed greater toxiclty
and persistence of aldicarb than menazen end as well as
confirmed dissimilar toxicity of young and old leaves

and greatersusceptibility of B. brassicae then M. persi-
cae ¢ (Tables 6&7 ). >

¢

The results have @emonstratbé‘ - as expected, that
ingecticide toxicity to aphids was related to low |
reproductive rates which increasecd as toxlclty decreased
with time intcrval after treatment (Tebles 8 &9 ). These
results confirm those of Cook et al (1963) who showed

thot sub--lethal systemic phorate treatments in the field

rcduced the fecundity of Acyrthosiphon pisume.

silwood conditions
The results thercfore ghoy in / brussels sprout.

plants mey effectively be protected from aphid abiack
not only at the vulnerable secedling stoae bubt alge for
prolonged periods throughout the season by an initial
localized grenulexr application of aldicarb, pirimicarb

and menazon to the soil.

The ecffcctiveness and persistence of aldicarb in
giving good protection to brussels sprouts probably
throughout the scason is comperable with good result
with aldicarb on other crops (Gerhardt, 1966; Yorthing,
1967 o & b Legge end Sheperd, 1967; Hopkins & Taff,
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1969; and Kearby and Bliss, 1969) .

LS

RYS

The remarkably cffcctive control of uphlds by the
above mentioned soil applicd ~r?ﬂulﬁr trchtments is no
doubt related to soil type, which was a light-medium
acidic sandy soil at Silwood of the typc that is lmown
to enhance activity and persistence compared with clay
or peat soils (Casida, Chepman & Allen, 1952; Way &
becopes, 1968; Getzin end Chapmen, 1959; Zake and Reynolds,
1961; Parker and Dewey, 1965; Pain & Skrentny, 1969).
This comparatively longer persistence is desirable
cspecially in a season favouring large populations at the
time of sprout--formation, becouse one of the most severe
forms of demage is caused by aphids in the sprouts,

naking them un-markcetablc.

A core should however be taken to asscss the
possible hozards cf toxic residues in the sprouts,
although the t@me interval between soil treatment and
harvesting is so lorge that it is very unlikely for
edible produce to contain toxic recsidues because of
biochemical activity of the plants (March et al., 1955;
Metecalf et 2l., 1955).

L1though pherate is relatively ineffecctive as a
soll applied aphicide on brusscls sprouts, on Tthe other

hand it is rcgf”dod gencrally ¢5 a bebtter soil applicd
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systemic cphicide than, for example, menazon partly be~
caust toxic residues can move in the vapour phcose and as
such can be absorbed directly by roots (Burt et al.,
1965). Its insctivity in brussels sprouts was therefore
surprising in controst with its high efficiency in
controlling aphids and other related pests of several
plant species e.g. potatoes, carrots, caulifIOWGr; beans,
sugar-beet, peas, cucumber cotton and tobacco (Hopkins |
et al., 1959; Bacon, 1960; Genhardt and Turley, 1961;
Schwartz ot al., 1961; Fond, 1963; Broadbent et al., 1964;
Lindley, 1962, 1964; Hofmaster & Dunton, 1961; Patterson
& Rawlins, 1964; Libby, 1964).

Brussels sprouts mey however have an exceptional
effect on the action of phorate placed near its mein
stem. Its inoctivity is cither due to low water solubi-
lity which misht be uniquely affected in brussels sprouts
or inefficicnt uptake ~nd tronslocation to the leaves
or selective specificity of its roots in rejecting
phorate and its metabolites. As absorption, translocation
and. persistence of systemic insecticides @epend on the
physiology of plants, the latter becomes an essential
agent which unfortunately differs from sggies and
speeies of plants in relation to different insecticides.
Dovid (1951) showed that brosd bean roots seclectively

ebsorbed dimefox from solutions at rates of transpiration
at which schradan was selectively rejected.
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This may not however be the case with phorate in
Brussels sprouts but the phenomenon might be the same
and should be investigated. Preliminary results of

Kwan (1967) also indicated the inactivity of phorate in
Brussels sprouts compared with its activity in beans and
potatoes and as well fits in with the findings cf
Chapman and ¥Moum (1966) who demonstreted that reiatively
less ﬁhorate was taken up by turnips, spinach, casbage

and cauliflower than b cag, squagh and btomato planbtse.
s S¢

Relative susceptibility of aphid species to inscciticides

During ficld experiments B. brassicae was f.und to

be more susceptible thean M. persicae to the sawe amounts

of aldicarb, pirimicarb, menazon and phorate appliecd in
goil to DBrussels sprout plants. The difference has bheen
caclier indicated by Way et al (1968) awd Galley (1968).
Tols difference is prcbably due to inhevent differences in
guscentibility co» to differential uptake by the Two
species, perhaps different fecding rates or sitecs of
feeding, since different lcvels of tolerance rave 130

been conficmed in other experiments with thionezin,

)

«

disulfoton and dimethoatc where B. brassicac was alway

the more susceptible species in the field experimonts with

rapc, Brassica napus L. Thus, Bonnemaison (1656) also

found that B. brassicac was more susceptible
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chan M. persicae to the systemic

Andcerscn, Schulz and Hibbs (1961)

almost forty-—-scven times greater cccunu

cholinesterase inhibitory esiducs of

in the

oh

foliage than in other parts of

denonstrate

accion of schradan.

tnat

d

,—--
o

on of

nhorate occurrod

¢ trecated plants.

The rate of movenent of insccetbicide from roots to stoms
and leaves was accelerated by incrcased transpiration, and
greater a:cumulation of inscebicide in leaves seews o
occur under eavircnmeontal conditions favourable to
transpibetion (Hecskoyle et al 1961). It was obgenved by
Perdncer (1964) thaot old lecaves losgt thoin toxicity to
insects mere slowly and gave higher kills of aphids than
‘young leaves This comparcs almost cxacily with the

results of the ¥ prescnt wo
to the findings of Cherry and Fless (196
as ¥ tobacco-growing scason prograssed
suckep lcaves of the plant geve a higher

2k but cowlraiy
69) vwho showed the
, the upper and
Wovkality fhan

naturing leaves.

The comparctively lower boxicity of young leaves
than cld leaves may cither be due to thoe shont periocd of
uptake or dilution of the insecticide and their deyivatives
by active growth or by lcss active transpiration in young
leaves than old leaves or by more rapid degradation in the

young lecaves.
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Relative toxicities of insecticides

The results of laboratory bioassays (6-~9) show that
the relative toxicities of insecticides to M. persicae
after 72 hours at 20°C were: pirimicar§>>menazo§>>phorat§>>
aldicarb. Based on LC50's (Appehdix2) pirimicarb was
about 10 ti%?s more toxici than menazon, about 1% times
more toxic /héghorate and about 26 times more toxic than
aldicarb. In contrast, in the field, soil applied systemic
aldicarb at 2 1lb/acre, was the most effective treatment
while the other inseciticdes were in the same order as
found in the laboratory bioassays. The relative inactivity
of aldicardb in laboratory conditions is surprising.
Possibly aldicarb is not metabolised into its toxic
sulphoxide by the time aphids pick up their doses. In
the field its high efficiency is perhaps partly related
to its complete metabolism in 4-9 days to the most toxic

and stable addicarb sulphoxide.

The results further indicate that time interval
after treatment did not :change the order of relative
toxicities of different insecticides (Table47 ) althoughk
2 hours kills were more consistent than 24 hours (Appendi
7 Table 2 ).



v GO -

M. persicae was consistently more resistant then B.
brassicae and thus M. persicae after 72 hours at 200C was
about 4 times more‘resistgpt than B. brassicae to phorate,
about 65 times to pirimicarb; about 100 times to aldicarb

and 190 times to menazon.

Effect of temperature on toxicity

The results indicate.that in the laborgtory conditions
used a 109C rise from 15°C to 259C increased toxicity of
pirimicarb to M. persicae and B. brassicae by about 600
times and of aldicarb by about 15800 times against M.
persicae. Change in temperature after an initial uptake
of 24 hours indicated that much of the large difference .
in toxicity was not due to intrigsic difference in tox-
icity but rathér to differential uptake by the leaf disc

at different temperature.

Effect of placement of insecticide in soil

It was thought that the method of application of an

- insecticide in soil with relation to plant roots is

likely to affect its uptake and persistence. An experi-
mept was therefore done to test the effect of placement of
aldicarb for control of aphids on Brussels sprouts. In
order to get critical differences in toxicity between

different treatments, the rate of application was reduced
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to 1llb./acre (i.e. 0.94g of aldicarb/plant).

The results showed that placing the insecticide
about 2 - 3" deep and 2 - 3" away from the plants (4)
provided effective control of aphids and is comparable
with treatment C where although the insecticide was
placed 9" - 1' deep at 2 - 3" away from plants but showed
high efficiency probably because of moisture in deeper
layers of soil which is known to enhance uptake
(Reynolds and Metcalfe, 1962; Chapman and Noum; 1966).
This in particular is considered to be an effective method
of application.in soil in dry weather.

Treatment applied 2 - 3" deep but 9" - 1' away from
plants was less effective than the others in the beginning
of treatment »rcsumably because the root system was too
small to reach the treatment and absorb the insecticide
efficiently but as the season progressed this treatment
gained its full effectiveness in about 4 weeks after
treatment.

All the three treatments gave complete protection
to the crop from aphid attack for about 5 weeks after
treatuent (table 13) where A and C treatments were
initially active from the beginning of the treatments
compared with E which has the disadvantage of being less

effective at the important seecdling stage when an early
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infestation might endanger the crop at the start of the
season but has the advantage in being very effective
and most persistent treatment (still killing 65% and 71%

of M. persicae and B, brassicae after 10 and 11 waeks

after treatment respectively (tebles 13 and 14), _

In an attempt to enhance the ﬂctlviggeggl%ﬁ%igg;fhe
the experiment included treatments in which the insecti-
cide was placed in combination with & nitrogenous fertil-
izer "Nitroform" which might help to attract the root
systen and thus enhance uptake of insecticide. It is
interesting that fertilizer with aldicardb placed 2 - 3"
deep and 2 - %Y away from the plant did not improve its
initiel activity against aphids but increased persistence
compared with the same treatment without fertilizer,
(table 13). Iowever, placed 9" - 1' deep it appeared to
decrcase the toxicity of aldicarb.

For practical purposes placing the insecticide
9Q?~ 1' away from the plant would seem to be best for

long term toxicity and persistence against insect pests.



- 143 -

Relative effectiveness of aldicarb and vhorate in sand.

The rclative inoctivity of phorate in Brussels
sprouts grown in soil was shown also when grown in
sand, where as the time progressed, the activity of
phorate in terms of toxicity and persistence became
much less than aldicarb. Similarly in plants grown in
nutrient solution (plus insecticide) phorate was less
effective thean aldicarb. This indicates that the
relative inactivity of phorate was not conncected with
adsorption factors in soilor movement in soil,

A, Metabolism of aldicarb and phorate

An explanétionof the differences betwecen : activivy
of phorate and aldicarb in beans, potatoes and Brussels
sprouts was sought in preliminary experiments by
exanining upteke and metabolism by chemical means. To
eliminate uptake factors the chemicals werc initially
injected into the plaonts.

It was found that aldicarb was oxidised completely
to sulphoxide twenty-four hours after injcetion into the
stem of Brussels sprout. nlants and persistedas such for
3 - 6 days at 1500, while being converted to sulphone. This
pattern is similar tc that of aldicarb in cotton plants,
(Metecalf et al, 1966; Coppedge ¢t al, 1967) wherc aldicarb
sulphoxidc was found to be the major metabolite. Aphid
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nortality rcached its maximum in about 4 days after
tr?atnent which seemcd to be rclated with the rate of
metobolism in Brussels soproubts and thus fits in with

the results of Metcalf et al (1966) who showed thetb
sulphoxide and sulphonc werc morce active cholinestrase
inhibitors than aldicarb but is contrary to the findings
of Skrentny and Ellis (1970) who demonstroted less
cffectivencss of sulphoxide and sulphonc to Aphis

feboe. Different technigues hovever make coxact compari-
son difficult. The rate of metabolism appeared to bo
rolatively fasbter in bread beans and Brusscls sprouts
than potaﬁo in which, for example, 50% of eldiccrb
(tablﬁzes) vas converted to sulvhoxide twenty-four houvrs
after injection comparcd with S5% and 100% in beans and
Brussels snrouts respcctively. The conversion of
sulphoxide to sulphone was also relatively much fastoer
in beans'(BO% in 7 days compared with 2% and 0% in
Prusscls sprouts and potato respecetively) than in other
plan specics. The decrease in aphid moxtality on

leaf discs fron beans appoarcd to be related to con-

l_r

Vor31on of - ”ulphoxldc o sulphonc whiehis lmown to be
less ' toxic (Weiden, 1968).
T™e initieal t?ﬂnslocutlon of aldicarb teo lcaves

following injection into stem and petiole appeared to be
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31m11ar but 1ts subscquent pers sistence against aphids
vas relatively higher in potlolc treatment then in stom
injeetion which n¢°ht be €u to noa:ndss to lecaf lamina
of the petlole. |

Ib has also been demenstrated ( seble 27 ) that greater
accunulation c¢f insocticide occurrcd in the leaf margins
than in the centre of the leaf. This is very similar to
accumulation of pheorate in leaf margins of Brusscls sprouts
and bcans (Elliott, 1966).

Chemical cstimation indicated abs: orption of phorate
by roots of Brusscls sprout plants (perhaps Qartly supcr-
ficia 1 even though not removed washing in water) but its
subscquent translocation‘to loavés and stem was very slow
thereby explaining its low toxicity to aphids. Thus after
24 and 96 hours uptake by roots, as little as 2 and 5 Ppi.
of pherate accumulated in reots of bean plents con apared
with Brussels sprouts which accumulated as nuch as 25 and
35 ppm. fhe stoems and lecaves, hewever, contained 0.5 and
2 ppm. ospoctively in beans bubt cnly 2 ppme. and O DpM.
in Brusscls sprouts, and the lcaves therefore showed less

toxicity to M. persicae on Brussels sprouts than in boans.

The rate of phorate mobabolism was faster in beans (table 35)
than in Drussels sprouts, vhorate was oxidised to 1 and
2 ppm. of sulpvhoxide after 24 and 96 hours after trcatnment

and gave 38% and 46% mort‘Wlty of aphids reswectively



- 46 -

compared with beans in which it convertcd to l.25
and 2.5 ppm. of phorate sulvhoxide in stems and leaves
ghowing aphid mortelity of 48% ond 50% rcspectivelye.

B.Thus the relativé??ffectivoness of phorate in
Brussels sprouts may be causcd by decrcased translocation
frem the roots associated with decreased conversion of
phorate to its sulphoxidc and sulphonc.

These results f£fit in with those of Bowman and

Casida (1957) and Plinn (1964) who showed that phorate
is a weak anticholinesﬁérase agent but its oxidative

metabolites are active cholinesterase inhibitors.
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Sunmarized Discussion

Tactors affecting activity and persistence

of systemic insecticides

Systemic insecticides applied to soil are influ-
enced by many factors which control their uptake and
persistence in plants and their toxicity to insects.
Such factors are:

(1) Soil type
(2) Moisture content of soil
(3) Leaching
(A) Soil factors (#) Degradation iﬁ goil by micro-
organisms
(5) Site of placement of insecti-
cide in soil*

(6) Amount applied to soil*

(7) Plant species*
(8) Rate of metabolism in plant*
(B) Plant factors
(9) Factors affecting translocation
in plants*

(10) Nature of root growth*
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(I1) Volatility
(I2) Solubility in wabter

(C) 1Insecticide (13)

Inherent rate of degradation
factors

(I4) Order of ﬁoxiciﬁy'of parent
compound and metabolites

(I5) Temperature*

(D) Climatic factors (1I6) Painfall

(1I7) Aphid species*

(I8) Bize and age

(I9) Sitec of feeding on plants*
(20) Presence of resictant strains

(B) Insect facors

411 may have profound effect. Some of those marked
with asterisks,were studied and the main results are
summarised as follows:-
(I) The orxder of effectiveness against two species of
brussels sprouts aphids of four systemic pesticides applied
to sandy soil in field cnditionsvat‘1~2 1b/acre was:~
aldicaIiDS pirimicar§:> menazo§:> phorate. Al except
vhorate gave good protection from aphid attack for I5 weeks.
(2) All the insecticides were more effective against aphids

on 0ld than young leaves and were more toxic to Brevicoryne

brassicae than to lMyzus persicae.

(3) The reproductive rates of the aphids were inversely

related to toxicity of the insecticides.
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(4) The site of placement of aldicarb in the soil affected
its toxicity. The best long-term control were obtained

by placing it 2-3 in.deep and 9 in.to the side of the
plant thouvzh initially this treebment was not so good as
placement close to the plant stem or 9 in. below it. The
placement of a nitrogenous fertilizer with the insecticide
did no¥ enhance its toxicity or persistence.

(5) As from soil,phoratc taken up by brusscls sprouts
plants from sand or water culture was less effective than
the other insecticides but applicd to the water intake of
leaf discs the order of toxicity to aphids was pirimicar§:>
menazob phora’c‘> aldicarb.

(6) Phorate was reiaﬁively much more e¢ffective when taken
up by roots of field bean plants than by brussels sprouts
and, in an attempt to cxplain the differences, chemical
analyses - werce madce which showed that phorate was less
gquickly changed to toxic metabolites in brussels sprouts
and that it accumulated in roots and was not translocated
to leaves so rapidly as in bcans.

(7) Aldicarb and its toxic metabolites accumulated more
in leaf margins than in the centres of leaves,

(8) Toxicity of aldicarb and pirimicarbd increasedvery
greatly with increasing temperature when the insecticides
were applied o lecaf discs. MNany factors may be responsible
for this, including increcascd rate of uptake by the ioaf

disc with incrcasing temperaturc.
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Percent. Kill of aphids on leaf discxz triated with different doses &F

. Tnsecticides,
L R s * .Time . »
' . _ of N . Dosages
Bio- 1Insect- .. 0. O % S - = =
assay - icide Aphid - exam aphids/

species inat-

Number +. Temp. son dose  0.934% 0.156% 0.026% 0.0043% 0.0007% Untreated
L oubs ST T .

2k 50 100 92 76 30 12 0
e MR W8 50 00 G B2 36 22 0
72 50 100 1000 92 62 T T2 N

0.0043% 0.0007% O.QOO‘IZ% 9.000C2% ~ 5.000003% untreated
. _ . 2l 50 68 50 36 - 16 6 0
1b ”Zggg"-“ 485 86 72 52 30 20 0
........ 4 R 72 50 100 92 82 .60n.( l|.6 . .. 0

| 0.934% 0,133 0.019% "0.00Z7% 0.0004% untreated’

o 2 50 90 60 48 16 0 2
22 MOPEEOR .- 48 B0 100 76 6L 40 2 2
e A 72 50 100 86 h 60 L6 10
0.0027% 0.0004% 0.000055% 0.0G00081% 0.000001% untreated
a » .24 50 92 60 36 18 10 L
2b Megﬁg‘_’_“ 8 50 9, 80 56 36 18 8
. 2 7z G TeBT ogeT 72 U 36 400

T 0.105% 0.017%  0.003% 0.0005% ~ 0.00008% untreated
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1 SO B TR
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- pirimi- 2 50 90 6L 46 18 8 0
3a carb - 48 50 100 94 80 36 8
Sl T RRRTE IR S SR ORI - 1 T ¢

" 0.003%% 0.0005% 0.00008% ~ 0.000014% ~ 0.0000023% untreated

© Ppirimi- 24 50 82 52 Lk 6 0 "
3b carb L8 50 96 86 8l 5h. 48 10
LA il e Y P« QR ER RS, -
Dosages _
T 0.05% o 00837 0.0014% "~ 0,00 )237 ) 0.'00001.%."Un'brea'téd
T omg- 2% 50 32 26 18 12 6 0
La  carb 18 50 I 32 2l 18 12 0
e T da g 6444 38 S e
..... . 0w0014% 270002 - oooooz,y ouooooom 0. ooooo117 untreated
A1di- T 50 52 26 18 8 6 0
kb  carb 48 50 58 w6 26 18 0
S e T T 720 "’ T 8 - 70 - 5&- - 38 30 6
"""" T 0.34%  0.056%  O. 0093% 0.00155% 0.00026% untreated
' 24 50 4 3k 0 C 0 0
5a Phoga.‘be 18 50 98 78 - 28 "2 o )
........ 209C . os ._.50,,____..1.00__._: .A.9.2.K.....60., 34...“_.‘ 20 0
0.0015- “

o.nngz% 5% o.ooozs% 0,000043% 9. 0000077 untreated
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L

e

| o 50 ol 0 & 0 °o 0
s Faorete 48 50 62 36 28 2 0 0
72 50 7L 58 Sy 28T 12 7
0 .'9';6&% " 0.156% " 0.026%  ~ 0.0043% ~ 0.0007% untreated
| _ ol, 50 100 88 6l 30 18 0
6o Mnafon 48 0 100 9k B 16 31 iy
72 50 00 000 9k ey T 2 6
""" 0.625% 0.125% 0.025%  0.005%  0.001%  untreated
Pirimi- 24, 50 100 100 8l 52 22 "
6b  oarb 18 50 100 100 96 90 7l i
C 209 72 50 - 400 100 98 95 . 78 X
0.9734%  0.156% 0.026%  0.0045% ~ 0.0007%  untreated
2, 50 100 92 76 16 22 0
7a  Momamon 48 50 100 9 92 66 52 b
72 50 100 100 - - 9% T 70 . 56 6
0.34% 0.068% 0.0136% 0.0027%  0.0054%  untreated
2% 50 100 100 30 -8 i 2
7 ng-’ggte L8 50 100 100 68 32 26 6
LI A2 10 jpod G e ig ;

- ¢9L ~



U Yosages o oo

0.934% 0.156%  0.026%  0.G0L3% " 0.0007%

untreated

24 50 94 88 66 24 8 )

ga MorSmOR 8 50 98 98 92 .52 36 2

72 50 “100 100 9 760 50 A
S 0.05% T 0.01% 0.002% ~ 0.0004%  0.00008% untreated

Aldi- 2l 50 28 20 12 0 0 9

8b carb. L8 50 L2 26 20 12 0

20°C 72 50 76 -5 - w6 Uz 26 )
0.34% 0.068% 0.0136% 0.0027%  0.00054% untreated

2l 50 100 L6 18 16 L )

go Fhorate 8 50 100 100 50 28 16 9

, 2000 . e - : 4 e g o .

72 50 100 100 70 58 38 0
0.05% 0.01% 0.002% ~ 0.0004% ~ 0.00008% untreated

: Aldi-~ 2l 50 22 18 1l 0 0 0
9 carb 18 50 62 30 20 14 12 o
T 20% 72 50 .80 -5 7 48 42 36 b
'0.625% 0.104% 0.017% ~0.003% ~ 0.0005%  untreated

Pirimi- 2h 50 98 9 82 50 8 0

10a carb 48 50 100 100 88 62 . 18 b
T 450¢ 72 50 100 100 gy - 86 - 32 8

0.003%  0.0005% 0.000083% 0.000014% 0.0000023% untreated
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—— ko

96

0 > . (3

28 2L 10 0

Pirimi- 2k 50 88
10b  carb 48 50 98 92 80 6L 148 8
' 250C 72 50 400 o9y - .86 8 7 68 '8
0.0t7% 0.0C3% 0.0005% '0.00008%%  0.000014% untreated
' Pirimi- 2k 50 98 78 32 30 I 0
41a  ocarb 18 50 100 86 8 B2 14 o
& feoc 32 %0 100 90 g2 w28 >
R — |
0.0005% 83% 0.000014% 0.0003023% 0.0000004% untreated
Pirimi- 2l 50 56 L0 30 14 12 0
11b  card 148 50 9 82 78 64 56 8
' 25°¢c 72 50 98 - 90 g0 T 6 60 8
0.25% ~0.05% 0.01%  ~0.002%¢ ~ 0.0004%  untreated
Aldi- 2l 50 20 8 L 0 0 0
122  carb 48 50 4 28 20 Ak 6 2
' 15°C 72 KO 7k - Bk 38 - 28 2% 4
0.05%  0.01% 0.,002%  0.0004%  0.00008% untreated
Aldi- 2l 50 36 32 2l 16 10 2
126 carb 18 50 7k 56 52 50 50 b
- 2500 72 %0 96 9l 6

8 B, 80
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| " 0.25%  0.05% = 0.01% ~  0.002%  0.0004% untreated
A1di- 21 50 28 v 2 0 0 0
13a  carb L8 50 62 14 6 o 0 0
150 72° 50 92 - % 28 20 Mk 0
0.0004% 229009 5,000016% 0.0000032% 0.0000006k untreated
: Aldi- 24 50 2 12 12 8 6 0
136 carb 48 50 36 30 22 16 14 I
e et R TR R R g
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Details of probit analyses based on aphid mortality by different doses of insecticides.

Table 2.
IC 50 in ppm
e 50 of wet wt. of leaf disc

24 Hours 48 Hours 72 Hours ~~ 24 h. 48 h. 72 h.
12 20°C M.p. Menazon  2.99+0.085 2.6 +0.094 2.1810.106 2.h4 0.99 0.38
1 B.b. " 1.6610,164 ~ .8740.141 1.80+0.182 0.099 0.02  0.002
25 20°C M.p. Menazon  3.6120.103 2.7040.131 2.17+0.199 10.(0  1.25  0.37
2b B.b. " 1.2840.144 0.6040,128 1.8540.165 0.0L8 0.01  0.002
35 209C M.p. Pirimicarb 2.7 +0.011 1.7 +0.11 1.2 +0.148 1.25 0.125  0.0%9
3b B.b. " 1.4470.099 1.9 #0.060 T.34:0.24k 0.0€8  0.002 0.00055
ba 20°C M.p. Aldicarb 4.9 +0.486 4.0240.498 2.5 +0.250 198.0 26.0 0.79
b B.b. " 2.6 10.332 1.6 10.260 0.5 0,177 0.99  0.099  0.0079
5a 20°C M.p. Phorate 4.1 +0.082 3.3 +0.069 2.3 #0.105 31.0 5.0 0.5
5b B.b. " 3.7040.188 2.7 40.119 * 1.7 40,168  12.5 1.25  0.125
6a 20° M.p. Menazon  2.9840.099 2.5040.14% 2.18+0.116 2.38  0.79  0.38
6b M.p. Pirimicarb 2,73+0.085 1.3210.30 1.18+0.335 1.3% 0.052  0.038
7a 20°C M.p. Menazon  2.91+0.10 2.3040.15 2.0 #0.15  2.03 0.52 0.20
7b M.p. Phorate  3.99+0.02kF 2.9940.026 2.2210.109 24.0 = ~ 2.4 0.42
8a 20°C M.p. Menazon = 3.2740.059 2.3240.125 2.1040.146 L.€5 0.52 0.32
8b Mep. Aldicarb 4.95:0.427 4.00+0.496 2.5510.197 222.0 25.0 0.89
9a 20°C M.p. Phorate  4.0840.10 3.2540.083 2,2430.115 30.0 - hb - 043
9 Meps Aldicarb 5.00£0.482 L4.0210.263 2.50#0.210 255.00 . 26.0 0.79 -
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(Table .2 contd.)

8+0.068 1.69 0.49 0.24

102 15°C M.p. Pirimicarb 2.83+0.091 98+
.2 10,230 0.063 0.0015  0.00039
06+0.036

10b 25°C M.p. " 1.40+0.095

0.1 0.05 0.028

11a 15°C B.b. Pirimicarb 1 o 1.0640.0
1 830,319 2.3 30.322 0.031 0.00015 0.00005

11b 25°C B.b. "

257 809.00 109.0 7.9

12a 15°C M.p. Aldicarb +0
.2640.769  99.5 0.31 0.0005

12b 25°C M.p. "

5

L
13a 159C M.p. Aldicarb 5.19:0.341 L4.5240.210 3.48+0.240 387.2 82.77 7.8
13b 25°C M.p. n 4.5040.293 1,84+0.314 1.29+0.561 79.05 0.17 0.00048

IC 50 Based on Log IO x concentration (percent)
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Table 3

Slope of regression lines based on aphid mortality by different

|
PN
doses of insecticides $
o e 24 Hours 48 Hours 72 Hours 24 Hours 48 Hours 72 Hours
Insecticide Qo 5 ) . ]
35 lope + S.E. Slope + S.E. Slope + S.E. Chi. sqg. Chi. sq. Chi. sq.
gﬁ
Menazon la 17 + 0.11 1.11 + C.02 1.11 + C.12 1.92 2.11 2.23
" 1 O. 53 + 0.03 C.62 + 0.12 0.9 + 0,01 2.28 3.52 5.70
" 2a .85 + 0.06 0.72 + 0.06 0.62 + 0.02 2.10 2.32 1.93
" 2b 0.70 + 0.12 c.78 + 0.C3 C.69 + 0.05 1.98 2.11 344
Pirimicarb 32 0.9 + 0.04 0.99 + 0.13 0.96 + 0.12 .42 2.07 3.65
" 3b 99 + 0.07 0.63 + 0.05 C.73 + 0.09 2.16 %.39 1.41
Aldicarb 4g .32 + 0.11 .32 + 0.07 0.35 + 0.07 2.20 C.14 1.56
" 4b O, 52 + 0.02 0.41 + 0.13 C.51 + C.10 1.51 1.%4 O.44
Phorate S5a  1.45 + 0.13 1.39 + 0.01 0.98 + 0.05 1.70 2.11 4,99
" 50 €.75 + 0.01 c.78 + 0.06 0.54 + €.10 0.42 %.98 0.40
Menazon 6a C.97 + 0.08 0.94 + 0.12 1.07 + C.10 2.01 1.93 2.14
Pirimicarb 6b 1.19 + 0.09 .87 + 0.10 0.9% + 0.04 2.49 1.78 2.22
Menazon 7a G.95 + C.04 0.78 + 0.02 0.98 + 0.03 0.48 2.35 6.66
Phorate 7b 1.41 + 0.01 1.16 + 0.08 1.12 + 0.07 14.84 5.30 0.96
Menszon - ‘8a - 1,51 + 0.04 «89 -+ 0.05 1.01 + 0.05 1.79 0.79 2.11
Aldicard 8b C.62 + 0.06 0. 33 + 0.13 0.43% + 0,010 1.19 2,17 2.62
Phorate 9a .07 + 0.01 .03 + 0.04 0.91 + 0.07 3.48 7.57 5.34



=04L=

(Table 3 contd.)

]
i

24 Hours 48 Hours 72 Hours 24 Hours 48 Hours '72 Hoursk'.‘

Insecticide ?3
grﬁé Slope + S.E. Slope + S.E. Slope + S.E. Chi. sq. Chi. sq. iChi. SQ.
Aldicarb 9% 0.59 + 0.02 .63 + 0.11 .40 + 0.01 3.25 2.16 3.49
Pirimicarb 10a 1.09 + 0.12 1.24 + 0.C1 1.95 + 0.13 .42 1.04 4.52
" 10b C€.98 + 0.03 1.56 + 0.05 0.%4 + 0.08 12.71 6.25 5.31
" 1la 1.09 + 0.C1 1.00 + 0.02 0.88 + 0.03 8.13 6.3%9 - 6.25
" 11 ©€.91 + 0.04 O.44 + 0.05 0.54 + 0.02 0.89 1.12 2.05
Aldicardb i2a  0.74 + 0.11 C.5% + C.05 0.42 + 0.11 C.33 1.38 1.45
" 12b  0.33 + 0.07 0.28 + 0.12 0.39 + 0.06 0.34 12.23 - 7.54
" 13a 0.8% + C.10 0.79 + C.13 0.73 + 0.05 2.39 3.1% © 2.79
" 13b  0.37 + C.11 0.3% + 0.05 0.39 + 0.12 1.9% 2.41 5.29

-
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Teble 4 Estimates of insecticide residues and standard errors

(Log scale) in plants using aphid bioassays.

Estimate of Residue

. 24 Hours .48 Hours 72 Hours
Inszc;;glde Date of Rate of conc . cone. conc.
P application application percent porcent percent

species + S.E. + S.E. + S.E.

Aldicarb  28th May 2 1b a.i. 1.23+0.43 2.0 20.31 1.0440.61
B. brassicae 1968 per acre

. Aldicarb 2.98+0.29 4.7 +0.23 3.5440.53
«_persicae

Menazon '
B. brassicae 2.70+0.31 2.78+0.43 2.3 +0.27

Menazon
M. persicae 4.6640.29 4.58+0.59 %.50+0.33
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Plate No. 1 Biological assay technique for the assessment and

comparison of systemic insecticide residues.
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with fertilizer
Plate No. 2 Effect of placement of aldicarb/2-3" deep and 2-3'" away

from plants on the condition of plant and quality and

quantity of sprouts.






R

Plate No. 3

174 2

Effect of placement of aldicarb 2-3" deep but 9"-1' away

from plants as shown by quality and quantity of sprouts.
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Plate No. 4 Untreated control plants Brussels sprouts.
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