
Arsenates: Effect on Fecundity 

in Some Diptera 

Abstract. Four species of adult 

Diptera, Rhagoletis pomonella (Walsh), 

Drosophila melanogaster Mg., Drosoph? 
ila hydei Sturt., and Musca domestica 

L. showed varying degrees of reduced 

fecundity when sublethal doses of 
arsenic were included in their food. The 

possible influence of the frequent use of 
arsenicals on arthropod populations is 

discussed. 

The use of chemosterilants (1) for 

the control of insect pests and the 

anomalous results frequently recorded 

in the use of arsenates for control of 

the apple maggot, Rhagoletis pomonella 
(Walsh), suggested the possibility that 

arsenates might influence fecundity. 
When larvae of Bupalus piniarius L. 

consumed sublethal doses of arsenical 

dusts on pine trees the pupae were 

noticeably smaller and the fertility of 

the females was impaired (2). Nenyu- 
kov and Tareeva (3) suggested that in- 

complete poisoning (with arsenicals) 
affects metabolic processes in insects 
and would probably reduce their repro? 
ductive power. Their test insects 

were cockroaches and Dendrolinus 
sibiricus Tshtv. 

Laboratory tests during 1962 on four 

species of Diptera, Rhagoletis pomo? 
nella, Drosophila melanogaster Mg., D. 

hydei Sturt., and Musca domestica L. 

showed that egg production was greatly 
reduced when the newly emerged adults 
were fed sublethal doses of arsenates. 
It is not clear whether or not the inter? 
ference is of a permanent nature, but 
the initial suppression of ovarian devel? 

opment and egg formation is very 
marked in the first three species, though 
less so in M. domestica. In the tests on 
R. pomonella, the arsenates of lead or 
calcium mixed with the food (soy hy- 
drolyzate and honey) at concentrations 
from 0.5 to 0.1 percent reduced egg 
development by 80 percent or more. 
As the flies emerged they were placed 
in lantern-globe cages and were pro? 
vided with a constant supply of food 
and water. Flies that died within 14 

days were excluded from the count. At 
concentrations of lead arsenate from 
0 to 0.1 percent there were no great 
differenees in fly longevity although, on 
the average, the flies lived somewhat 

longer in the check cages. The ovaries 
were examined under a stereoscopic 
microscope about 3 weeks after emer- 

gence and divided into three groups, ac- 
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cording to the number of eggs, as fol? 

lows: normal, reduced (five or less eggs 

per ovary), and nil (no eggs showing). 
The number of flies in each group for 

the different treatments are shown in 

Table 1. 

Cages were placed on small potted 
apple seedlings that had been dipped in 

aqueous suspensions of lead arsenate 
at concentrations of 0.1 and 0.05 per? 
cent; food and water were provided in 

the cages so that it would be unneces- 

sary for the flies either to feed or to 
rest on the dipped plants. Under these 
conditions Rhagoletis pomonella pro? 
duced fewer eggs than they did when 
the arsenates were mixed with the food. 
This is probably explained by the fact 
that in nature the flies appear to search 

continually for food, and this character? 
istic persists in the laboratory cages 
where the flies were almost continu? 

ously active on the plants, seemingly 
searching for or imbibing food. They 
fed on the artificial food rather infre- 

quently and apparently supplemented 
their diet from this source only when 
the amount of food taken from the 

plants was inadequate. The results from 
these tests are shown in Table 2. 

Lead arsenate had no adverse effect 
on the fertility of the male flies. 

An orchard test confirmed the labora? 

tory results. A heavily infested, well 
isolated orchard, was sprayed with lead 

arsenate, at a concentration of 0.3 per? 
cent, on 17 July 1962, just as the earli- 
est flies emerged in the orchard. Ovipo- 
sition was prevented for over a month. 

Only in the last week in August did 
a substantial percentage of the flies 
show mature eggs in the ovaries. Flies 
taken from this orchard in September 
showed scarcely more than half as 

many eggs in the ovaries as those taken 
from an untreated orchard. Flies 
which emerged in the orchard and were 

placed in cages on unsprayed fruit be? 
fore they fed developed their eggs 
normally and laid many eggs; similar 
flies caged on sprayed limbs developed 
very few eggs, even though many of 
them lived for 4 weeks or more. The 
flies in all cages were supplied with 
food and water and hence were not 

obliged to gather food from the foliage 
or fruit. A comparison of soil samples 
taken from beneath the trees in Novem? 
ber 1961 and 1962 indicated a reduc? 
tion in puparia of 98 percent in the one 

year from the lone application of lead 
arsenate. Failure of arsenical sprays to 

provide adequate control of this pest 
in orchards nearer sources of infection 

Table 1. Number of R. pomonella with egg 
complements of various sizes when food con- 
tained the indicated amounts of the arsenates. 

Arsenate Normal Reduced Nil 
v /o) 

is attributed to invasions of flies that 
have not fed to an appreciable extent 
on foliage or fruit treated with arseni- 
cals and, therefore, have their eggs well 

developed at the time of arrival in the 
treated orchard. It is known that the 
flies will travel several hundred yards, 
especially with the wind, but the maxi? 
mum distance has not yet been 
determined. 

Although the compounds tested (ar? 
senates of lead, calcium, and sodium) 
appeared to produce similar effects? 

they repressed ovarian development?it 
has not yet been determined whether 
the effect is permanent or only tem- 

porary. There was an indication that 

Rhagoletis pomonella flies, when fed 
arsenates in their diet for 3 days im? 

mediately after emergence from the 

puparium and then fed a diet without 

arsenates, were slower in developing 
their eggs than those that received no 

arsenates; however, some of the flies 

eventually developed what appeared to 
be full complements of eggs. As a con- 

sequence of these observations we are 
uncertain whether or not these arsen? 
ates fit Borkovec's (7) definition of a 
chemosterilant as "a chemical com? 

pound which, when administered to an 

insect, will deprive it of its ability to 

reproduce." Thus the compounds seem 
to depress ogg development so long as 
the fly continues to obtain small quan- 

Table 2. Number of R. pomonella with egg 
complements of various sizes when arsenates 
were placed on apple seedlings. 

sc/\ Normal Reduced Nil 
\/o) 

* In bordeaux mixture. 
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tities of the active ingredient; if this 
administration is continued for a con? 
siderable period of time the fly becomes 
sterile. Up to a certain point, however, 
the fly retains its inherent ability to 

produce eggs, provided it is supplied 
with suitable food. 

Some interesting speculations arise 
from these results. The fact that these 
arsenates suppressed egg production in 
all four species of Diptera selected for 

laboratory testing because they were 

readily available, suggests to us that 
arsenates may influence the fecundity 
of many species, or other orders of in? 

sects, or even other classes of animals. 
The question, may then be raised 

whether arsenicals have influenced the 
establishment and development of para? 
sites and predators in orchards during 
the many years that these chemicals 
were used in very large quantities. Be? 
cause we have found that four species 
of Diptera, the only ones tested, are 
influenced in this way, it seems possi? 
ble that parasitic and predaceous Dip? 
tera may be similarly affected. 

H. T. Stultz of this laboratory studied 
the parasites of the eye-spotted bud 

moth, Spilonota ocellana (D. and S.), 
for many years and observed on numer? 
ous occasions that the braconid Agathis 
laticintus (Cresson), although almost 
absent from orchards sprayed regularly 
with arsenicals, would frequently ap? 
pear in substantial numbers oh trees 
so treated if there were unsprayed apple 
trees nearby. The parasite developed to 
the adult stage in the sprayed trees but 
never increased in numbers until the 
use of arsenicals was discontinued. Un- 

fortunately no examination of the 
ovaries of these braconids was made 
and there is no proof that they were not 
killed directly by the arsenates; how? 

ever, Stultz has suggested that the 
tissues of the larvae of S. ocellana may 
have contained sufficient arsenic to 
affect reproduction in A. laticintus. 

These tests emphasize the necessity 
for determining more exactly the. ef? 
fects of pesticides on the pests against 
which they are directed; a mere count? 

ing of living or dead, or of survivors, 
is not enough. They suggest also the 

desirability of considering more pre- 
cisely the effects of the applied pesti? 
cides on the faunal complex as well as 
on the higher animals which may come 
in contact with the chemical (4). 
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Gibberellin: Effect on Diffusible 

Auxin in Fruit Development 

Abstract. Diffusible auxin is not 

present in tomato flowers at anthesis, 
but significant amounts can be obtained 

after the plants are treated with gib? 
berellin. The early growth of the ovary 
in plants treated with gibberellin cor? 

responds closely with growth after pol? 
lination and fertilization; the amounts 

of diffusible auxin are not significantly 
different over a period of 22 days. 

One of the more remarkable effects 
of gibberellin in plant growth is the in? 
duction of parthenocarpy by smaller 

quantities than those required for the 

hormone, indole-3-acetic acid (IAA) 
to produce the same effect. In toma- 

toes, parthenocarpy is induced by as 
little as 10"5M gibberellic acid (GA) 
in lanolin, while 10~2M IAA is the min? 
imum effective application. Treatments 
with 10 /d of 3 X 10"4M solutions of 
nine gibberellins cause a significant in? 
crease in the diameter of tomato fruits 

(1). Several investigators have sug? 
gested that gibberellin may be a prin? 
cipal factor along with IAA in the con? 
trol of fruit development (2). 

Although there are reports of an 
increase in extractable auxin in plant 
tissues after treatment with gibberellin 
(3), one investigation showed no 

change in diffusible auxin after treat? 
ment (4). Treatment with GA causes 
a doubling or tripling of diffusible 
auxin in stem apices of peas and a ten- 
fold increase in stem apices of sun- 
flowers corresponding with the in? 
creased growth of the plants (5). Since 
the stimulus of pollination and fertiliza? 
tion also causes an increase in diffusi? 
ble auxin in the ovary (6), we have 
examined the effect of treatment with 
GA on diffusible auxin in ovary tissue 
of the tomato. 

Flowers of the Waltham Forcing 
variety of tomato (Lycopersicon escu- 
lentum L.) were emasculated at an- 

thesis and 1 day later were treated with 
GA (85 percent, in lanolin at concen? 
trations of 3 X 10"4M and 3 X 10"3M. 
At intervals of 28 and 51 hours the 
flowers Were cut at the base of the 

calyx and placed on blocks of 1.5 per? 
cent agar, 2 by 2 by 2 mm, in a moist 
chamber under 100 lu/ft2 of cool white 
fluorescent light. Diffusion of auxin 
into the agar blocks took place during 
a period of 2 hours. The auxin con? 
tent of the agar blocks was then meas? 
ured by the standard Avena curvature 
test (7). The IAA concentration equiv? 
alent to the curvature was determined 
from curvatures induced by 2 X 10~7M, 
6 X 10~7M and 2 X 10"6M concentra- 
of IAA. 

Four experiments gave essentially the 
same results. Although diffusible auxin 
is present during early stages of flower 

development, at anthesis there is none; 
without pollination and fertilization the 
flower abscisses. Within 28 hours after 
treatment with 3 X 10"4M and 3 X 
10~3M GA there is an equivalent IAA 
concentration of 2.7 X 10"7M and 3.2 
X 10~7M respectively. Fifty-one hours 
after treatment with GA the equivalent 
IAA concentration is 4.6 X 10"7M for 
both treatments. No diffusible auxin 
was obtained from ovaries 28 and 51 
hours after treatment at anthesis with 

plain lanolin. The amount of diffusible 
auxin in the ovary apparently does not 

depend on the concentration of GA 

applied. 
The effect of GA treatment was also 

compared with the effect of pollination 
and fertilization by measuring the dif? 
fusible auxin in ovaries during several 

Table 1. Diffusible auxin obtained from nor- 
mally developing tomato fruits and ovaries 
treated with gibberellic acid. The values at 
22 days were obtained by using an agar block 
4 by 2 by 2 mm for diffusion and cutting it 
into 4 blocks 2 by 2 by 2 mm for assay. 

Diameter Cturva" 
Equivalent 

Treatment of ovary ^re 
IAA 

cfon" rmm\ (de" centration 
^mm; grees) (10"7M) 

3 days after treatment 
Pollinated 4.1?0.4 6.2?1.4 3.4 
3 X 10-4Af 3.8?0.1 8.6?1.1 4.9 
3 X 103M 4.1?0.3 8.7?1.2 5 

6 days after treatment 
Pollinated 9.2?0.6 13.?0.7 7 
3 X 10~4M 8.0?0.5 9.9?0.7 4.6 
3xlO~3M 9.7?0.4 11.9?0.9 6.2 

15 days after treatment 
Pollinated 29.0?1.1 16.0?1.6 14 
3 X 10~4M 26.7?1.9 16.6?:1.5 15 
3 X 10~3M 28.1?1.1 17.3?1.6 16 

22 days after treatment 
Pollinated 28.3?2.0 14.0?1.2 41 
3X10~3M 32.3?3.8 11.2?1.7 26 
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