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Phorate Residues in Aphid Colonics on Broad Bean
Plants in Relation to the Site of Application

D. John Galley and Luis A. Foerster®

Depariment of Zoology and Applied Entomology, Imperial College, London SW7 2425
(Manuserips received 18 December 1973) :

Aphis fabae colonies were established on both leaflets of the second leal of young

broad bean plants, Doscs of phorate sublethal to the aphids were applied to the roots

or to the third leal. The aphids, their honeydew and the foliage on which they were

____{eeding were analysed and the quantitics of tosic and non-toxic radiolabel determined

“at intervals. Toxic metabolites were found in the aphids and the leaves but whereas

the aphid colonies in all experiments contained approximately similar amounts of the

toxic metabolites, the residues in the feaves on which they were feeding differed con-
siderably. The Jeaves contained more than 100 times as much of thess metabolites =

~following the root treatment than after the foliar treatment. These resulis are discussed

in relation to the aphids” feeding site and the probable transport routes or the toxicants.

L. Introduction

Systemically active insecticides move in plants mainly in the apoplast and therefore acropetally.l
However, some downward movement may also occur and toxic compounds have been found in
aphids on lower leaves following phorate application to more distal foliage.** Although the dose
can be increased sufficiently to induce aphid morlality, for practical purposes of insect control
this basipetal movement is relatively shight.

Translocation from onc leaf to another, especially in a basipetal dircction, must occur in the
phloem into which there must be some movement if aphids, which are predominantly phloem
feeders, are to take up lethal quantities of insecticide. The transfer of an apoplastically moving
compound from xylem to phloem may occur as a result of “leakage™,! though the extent of this
phenomenon is largely unknown and probably varies from compound to compound.

Earlier work had shown that the levels of toxic material in foliage supporting aphids was very
much preater-when the insccticide was applied to the reots,? and thus entered the leaf with the
transpiration stream in the xylem, than when it was applied to non-infested foliage? and was
transported in the phloem for part, if not all, of the distance to the infestation. Direct comparisons
were not possible since different aphid species were used in each treatment and no atiempt was
made to standardise the doses in relation to their effect on the aphids.

The experiments described here involved treating plants with what were intended to be sublethal
doses of phorate as sirnilar as possible in their effecls on the aphids.

2. Experimental
2.1. Plants and insects -
The culturing of the broad bean plants, Vicia faba, L. cv. “The Sutton”, and their handling and
nutrient nourishment during experiments have been described previously.? Colonies of the aphid,
Aphis fabae Scop., were established, one on each leaffet, of the bifoliate second leaves of these

a Present address: Departamento de Zoologia, Universidade Federal do Parand, Curitiba, Parand, Brazil,
* Work carricd out at Imperial College Fieid Station, Silwood Park, Ascol.
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plants by caging alatae from a stock culture® on the abaxial surface.® Afier 1 or 2 days the adults
were removed leaving the nymphs to develop within the cage and after a further 3 days the cages
were exchanged for others with filter paper linings® and the insecticide was applied.

Two colony-establishing pertods were tried: in the first, 20 alatae were caged for 1 day and in
the second, 13 alatae were contined for 2 davs. Both methods resulted in a colony of about 100
individuals thoush the latter was preferred beenuse the times of ecdyses were spread more evenly
among the individuals and feeding occurred at a more uniform rate.

2.2, Insecticide treatments

Two experiments were carried out each of which consisted of one foliar treatment and one root
treatment with #C-methvienc-labelled phorate ((EtO)PSS UCH-SEL (specific activity 42.5
mCifg). The foliar treatment in the first experiment was of phorate {6 pg) applied to the adaxial
surface of the third leaf (3 pg/leaflet) with 4 davs allowed for translocation. In the root treatment
phorate (22 ez} was added to the nutrient {100 mi) bathing the roots and 18 h was allowed for
translocation. In the second experiment, both treatments (2% 3,75 ue to the third leaf, 10 ug to
the roots) were allowed o translocate for 2 days. All treatments were replicated on at least three
plants. The doses and translocation times used were selected following pilot experiments and were
a compromise between the doses thae could be applied without seriously affecting the aphiuds and
the amount of radicactivity required to ensure adequate fevels for detection.

At the end of these tramsolcation intervals, the aphids present in each cage were counted and
analyses®? for toxic and non-toxic YC-compounds carried out on each colony, their honeydew
and host leaflets. The fractions were not further characterised since in some extracts the levels of
toxic 14C were too low for further subdivision by thin-layer chromatography (t.Lc). An indication
aof the relative proportions of the oxidation products that may have been present may be gleaned
from the results of similar experiments? in which phorate (20 pg) was applied to the root nutrient.
After 4 days the proporiions fouad using an established t.1c. technigue® were: phorate sulphoxide
52%. phorate 13%,, phorate sulphone 16%;, phorate thioate sulphoxide 102 and sulphone 35
with only a truce of phorate thicate. The water-soluble non-toxic fraction was not further charae-
terised either, and for convenicnce the results have been expressed in mole equivalents of phorate.

3. Results

The results of analyses are given in Tables 1 and 2. The first foliar treatment {6 pg for 4 days) was
applied to four plants and so the values in the tabies for this treatment are means of cight leaflets
or colonies. In the remaining experiments three plants were treated and thus the values are means
derived from six replicates.

Tahle 1. Totzl toxic metzbolites found in aphids, honeydew and host leaflets following YC-phorate
: treatments

Mean residue <+ s5.¢. (pmol phorate equivalent)

Treatment and In aphids Mean residues) .
translocation period In leafiets {mean no./colony) In honeydew aphid
6 pg 1o leaf 3 for 4 days 0.83+0.11 266 +0.29 (661 205 +0.14 MG
7.5 pg 1o leaf 3 for 2 days 0.41 =0.08 3.06+0.55 (132) .59+ 0.08 0.023
22 pp to roots for 18 b 1041 +58.0 3.08 +0.26 (G6) 1.25+0.1% 046
10 g to roots for 2 days 20T+ 826 T A4 +0.T8 (92 (30 0,05 0081

2 A few nymphs were also present in the colonies at the end of this experiment; they were analysed with
the adults but mot incloded in the census.
¥ 0.0% maortality.
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Table 2. Non-toxic ¢ found in aphids, honeydew and host leaflets following
M-phoraie treatments

Mean residues + s.e. (pmel phorate equivalent/
Ieaflct or colony)

Treatment and

translocation period In Jeaflet In aphids In honeydew
6 pp to leaf 3 for 4 days 544076 39.0+4.5 126.5+14.4
7.5 pe to leaf 3 for 2 days 29+0.74 616+ 1.0 1196+ 13,6
22 pp to roots for 18 h « 1004 +12.6 263450 2154 3.2
10 g 1o roots for 2 days, 874+ 109 12.84+2.4 15342 18.6

The most important feature of these Tesults is the disparity between the total toxic residues found
in <he host leaflets following the two types of treatment {Table 1). The leaflets receiving insecticide
fram the root treatment contained more toxic residues than those of the foliar treatment by a
factor of at least 100, In contrast, the amounts found in the aphids feeding on these leaflets differed
" Telatively Tittle] The same pattern was reflected in the levels of non-toxic labelled compounds
though here there was more variation and the differences were less marked (Table 2), Overall, the
root treatments led to greater quantitics of both fractions in the leaflets but, whereas the non-toxic
fraction present after the two-day root treatment was about 30 tmes greater than in the foliar
treatments, there was barely a two-fold difference in the total amounts present in the aphid “sinks™
sugeesting that this non-toxic label was more readily available to the aphids when the foliage had
been treated. There was certainly more non-toxic than toxic label in the leaflets after the foliar
treatment whereas the reverse was true in the root-treated plants.

Very litlle of the radiolabel applied to the plants was recovered in the extractions, Most was
found following root treatment where in both experiments the infesting colonies and host leaflcts
combined contained between 1 and 2% of the initial dose. In the foliar treatments only 0.5 and
0.8% of the initial dose appeared in the extracts.

4. Discussion

A degree of similarity in the toxic residues found in each colony might perhaps be expected since
the doses applied to the plants were intended to be sublethal to the same extent and, as had been
found in the pilot experiments, had any of these doses been increased or had the experiments been
allowed to run for a longer time more casulaties would have been recorded. The 2-day root treat-
ment was marginally above the intended level; five moribund aphids were discovered and more of
the individuals in these colonies were found walking round the cages, a hehaviour pattern which
typically precedes more definite symptoms of poisoning. Consistent, too, with these observations
was the fact that these aphids contained more toxic residues than the others.

The residuis of toxic compounds found in the aphids did not necessarily represent the total
amounls imbibed since some was excreted in the honeydew and no account was taken of hydrolysis
within the insects. However, these quantities represented the toxicologically imporiant proportion
of the imbibed Jabel at the time of sampling and were comparable when expressed on a per capita
basis (Table 1)

An carlier study? suggested that most of the toxic compounds from a foliar treatment applied
above or below an infestation arrive in the infested leaves in the phloem, The results reported here
reinforce this hypothesis for the amounts in these leailets were less than in the infesting colonies
whereas after xylem translocation from the roots far greater quantities were found in the leaflets. '
A similar pattern would also be expected in 2 more simple system with no interconnection between
phloem and xylem. A mature leall normally exports assimilate but with aphids drawing on the
phlocm, material entering the leal in this tissoe 1o satislv the demand of the aphid “sink” would
be withdrawn at least in part from the plant; when entering the xvlem it would remain in the leal
unaflected by the aphid colony. If a small leakage between xylem and phloem oceurs, as is probable,
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then these results agreé closely with the exnected pattern, However the sitiotion which exists n
the plant is complex because ihe toxic fraction as a whole is being continually augmented from its
source and is simudtaneously being degraded to non-tosic products. Also the proportions of the
various toxic metabolites that constitute this fraction arc continuatly changing” and, though this
i3 a secondary factor, it would probabiy affect the toxicity of the residues.

The quantities of water-soluble radiolabel present in the leaves at the end of the experiments
also support the view expressed previously® that this non-toxic residue is readily translocated in
the phloem. After movement from the roots and hence xylem transport there was less non-toxic
than toxic iabel in the leaflets but, after the foliar trcatment non-toxic label predominated and
appears to have been more readily available to the aphids, for they contained mwore than their
host leallets in these treatments and less after the root treatments.

Understandably, these results, obtained at one instant in a dynamically complex system, cannot
elucidate the progress of the absorption, translocation, activation and hydrolytic mechanisms in-
volved. However, the differing leaf residues and the relative constancy of the poicuntially toxic
residues present in the aphids togett e with the variety of treatments and times employed em—
phasise the importance of translocation pathways in the distribution and availability of this com-
pound to the aphids.

5. Conclusions

Phorate, when mobile in the phloem, was potentially more toxic to infesting aphids than when. -

transtocated 1o the insects in the xylem. The total phorate residue in a leaf was not necessarily a
true indication of the toxic potential of that residue.

The results confirmed the poor transfer of phorate and its toxic residue components from xylem
to phloem.
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