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ABSTRACT

In the present work, growth, orientation and feeding response of the larva of Ducus cucur-
bitae Coq. on different plants have been compared. For maintaining the culture of the fruit
fly for this work, the larvae were reared on fruit of Lagenaria vulgaris. The adults were kept
on a mixed diet of trypsin, brewer’s yeast, sucrose and water on which they readily laid the eggs.
Substituting yeast with milk powder or elimination of both these sources of proteins from the
above diet also supported egg-production in the adult.

Relative suitability of the different plants for the development of the larva has been deter-
mined by comparing its growth index. The cucurbits and tomato are the most suitable in this
respect. Egg-plant comes next in the order and potato, carrot and lemon are not able to support
growth of the insect.

Relative efficiency of the plants to draw the larvae from a distance also varies.

The larva exercises discrimination for feeding as well. Maximum feeding is observed on
papaya, cucurbits, orange and cauliflower. Its feeding response to tomato, guava, potato, ete.,
is quite low. Lady’s finger and carrot are hardly fed upon.

Correlation among the growth, orientation and feeding response of the larva on the different
plants has been considered.

The relative suitability of different plants for feeding does not always correspond with.
their efficiency to attract the insect. Also, ingestibility of a diet is not necessarily related to
its relative suitability for the growth of the insect.

The superiority of cucurbits and tomato over other plants in supporting growth of the
insect appears to be due to the presence of proper nutrients rather than due to their ingestibility.

INTRODUCTION

The melon fly, Dacus cucurbitae, is a well-known pest of a number of
economically important plants in different parts of the world. Study of its
bionomics by various workers (Severin et al. 1914; Back and Pemberton
1917; Ponce 1937) has revealed that the insect causes chief damage to its
host plants in the larval stage.

Many of the plants on which the larva has been reported to complete
its development are the cucurbits musk melon (Froggatt 1909; Severin
et al. 1914), cucumber (Froggatt 1909; Severin et al. 1914), bitter gourd
(Froggatt 1909), pumpkin (Severin ef al. 1914), water melon (Severin e/ al.
1914), wax gourd (Severin et al. 1914) and Sycos sp. (Severin ef al. 1914).
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Besides these, certain non-cucurbitaceous plants have also been observed
to support the growth of the insect. These include egg-plant (Froggatt
1909; Severin ef al. 1914; Back and Pemberton 1917), string beans (Severin
et al. 1914), tomato (Severin et al. 1914) and papaya (Severin et al. 1914 ;
Back and Pemberton 1917). Occasionally a few individuals have been found
to reach the adult stage on peach (Back and Pemberton 1917), fig (Back and
Pemberton 1917), orange (Ehrhorn 1910), mango (Terry 1906) and soft apple
(Back and Pemberton 1917). In most cases growth of the larva has been
recorded on the fruits of the above-mentioned plants. Sometimes, however,
the insect has been reported to complete its development on the flowers as
well, viz. on pumpkin plant (Severin et al. 1914).

Apart from the above-mentioned plants, certain others have also been
reported as hosts of . cucurbitae on the basis of presence of the larvae. These
include certain cucurbits, viz. ash gourd, bottle gourd, ribbed gourd, ete., and
a number of non-cucurbits like water lemon (Back and Pemberton 1917),
passion flower (Ponce 1937), guava (Ponce 1937; Narayanan 1954), Anona
muricata, A. squamosa and A. reticulata (Ponce 1937), Eugenia aquea (Miller
1940), Vitis trifolia (Narayanan 1954), Citrus (Narayanan 1954), pepper and
cabbage (Fullaway 1915) and kohlrabi (Severin et al. 1914). No information
is, however, available as to how far these plants would support growth of the
larva.

Even among the plants on which the insect has been observed to complete
its development sufficient quantitative data are not available so as to compare
their efficiency for the growth of D. cucurbitae. The factors responsible for
differences in the suitability of various plants for the growth of the larva are
also not fully known. One of these important factors concerns the relative
ingestibility of the plants, information on which is not available. The present
work has, therefore, been undertaken to study and compare the growth of
the larva of D). cucurbitae in relation to its orientation and feeding activity
on different species of plants. The results are presented in this paper.

MATERIAL, AND METHODS

For the present work larvae of Dacus cucurbitae were drawn from the
culture of the fruit flies maintained in the laboratory at 27°C. For this
purpose mature adults were placed in glass jars containing a piece of the
fruit of bottle gourd (Lagenaria vulgaris) on which they readily oviposited.
The larvae that emerged from the eggs were allowed to grow on the same
fruit which, after 24 hours, was placed in a jar containing sand. When
the larvae came out of the fruit-piece and pupated in the sand, the pupae
were placed in separate jars for the emergence of adults. Difficulty was
experienced in making the adults lay eggs. Sucrose, along with enzymatic
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yeast hydrolysate, has been reported to stimulate egg-production in D. cucur-
bitae (Hagen 1950). On account of the non-availability of yeast hydrolysate
the freshly emerged adults were kept on a diet consisting of sugar crystals,
brewer’s yeast and a pinch of trypsin, the last two ingredients being offered
in the form of a paste. Water was also provided separately in tubes with
cotton wicks. This diet was quite efficient in stimulating egg-production
within a fortnight after emergence of the adults. Dried whole milk powder,
when substituted for the yeast powder, also stimulated egg-production within
the same period. Later on it was observed that elimination of yeast or
milk powder from the above diets, but inclusion of trypsin, was also fairly
efficient for the egg-production in this fruit fly.

The plants selected for the present work represent different taxonomic
groups and are listed below:

Cucurbitaceae :

1. Bitter gourd (Momordica charantia): fruit

2. Bottle gourd (Lagenaria vulgaris): fruit

3. Pumpkin (Cucurbita mazxima): fruit

4. Cucumber (Cucumis sativus): fruit

5. Tinda (Citrullus vulgaris var. fistulosus): fruit
Solanaceae :

6. Tomato (Lycopersicum esculentum): fruit
7. Egg-plant (Solanum melongena): fruit
8. Potato (Solanum tuberosum): tuber
Cruciferae :
9. Cauliflower (Brassica oleracea var. botrytis): inflorescence
10. Radish (Raphanus sativus): tap root.
11. Cabbage (Brassica oleracea var. capitata): leaf and stem
12. Orange (Citrus aurantium): fruit
13. Lemon (Citrus aurantifolia): fruit
Malvaceae :
14. Lady’s finger (Abelmoschus esculentus): fruit
Caricaceae :
15. Papaya (Carica papaya): fruit
Myrtaceae :

16. Guava (Psidium guajava): fruit

Umbeliferae :

17.  Carrot (Daucus carrota): tap root
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Musaceae :
18. Banana (Musa paradisiaca subsp. sapientum): fruit

For the study of growth of the insect freshly laid eggs were gently removed
from the fruit-piece and placed on a swab of wet cotton-wool till they hatched.
The freshly emerged larvae were removed and arranged in groups of twenty
each. All the larvae of a group were placed on a piece of the test diet kept on
a pad of moist cotton-wool in a glass vial (2 in. ht. and 1 in. dia.) which was
then kept in darkness at 30° C in an incubator. The diet was renewed at
regular intervals and whenever excess of water flowed out of any test diet, viz.
tomato, it was drawn out by means of a pipette. The larval duration, the
number of pupae formed, the pupal duration and the number of adults formed
were recorded.

In order to determine the relative preference of the larva for different
plants for orientation, twenty individuals in the first instar were allowed access
to two different types of diets at a time in a glass Petri dish (3 in. dia.) covered
with a glass lid. Each of the test diets was placed at two diametrically oppo-
site stations close to the periphery of the dish. The two stations of a diet
were at right angles to those of the other diet and the larvae were released in
the centre of the Petri dish on moist cotton-wool. The dish was then placed
in the dark in an incubator maintained at 30° C for a period of 16 hours. At
the end of this period the number of larvae present on each station was counted.

Feeding activity of the larva on different plants was compared by placing
twenty first instar larvae on discs of the test diet dyed with 0-04 per cent solu-
tion of bromophenol blue. Each disc was 1 cm in diameter and 1 mun in thick-
ness and it was placed on a swab of moist cotton-wool in a glass vial (2 in. ht.
and 1 in. dia.). After exposing the test diet to the larvae in dark at 30° C for
15 minutes they were examined. under a binocular microscope. Presence
of blue colour inside the gut of the larva, which was visible through the trans-
lucent integument, would indicate ingestion of the dyed food. Intensity of
feeding response of the larvae to a test diet was measured in terms of number
of individuals that ingested the dyed food.

Each experiment was repeated five times and the data were statistically
analysed, employing Student’s ‘t’ test or Analysis of Variance.

GROWTH OF THE LARVA ON DIFFERENT PLANTS

Results of the present study reveal (Table) that the period of development
of the larva of D. cucurbitae as well as the percentage of individuals completing
development vary widely from diet to diet. For the sake of comparison it
is convenient to express the degree of development of the larva on a diet in
terms of ‘growth index’ which represents the ratio between total number of
individuals pupating and average duration of the larval period.
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Of all the plants tested, fruit of cucumber has been found to be most
suitable for the growth of the larva. On this 89 per cent individuals pupate
in 4 days. Fruits of pumpkin, bottle gourd, bitter gourd and tomato are
next in the order and they have been found to be equally unsuitable to cucum-
ber for the development of the insect. When kept on pumpkin, 90 per cent
individuals pupate and the average period of their development is 4-9 days.
In the case of larvae fed on bottle or bitter gourd, percentage of individuals
completing development is 81 and the larval period lasts for 4-5-5 days. In
experiments using tomato as the test diet, a still smaller percentage (78) of
larvae pupate but the period of their development is as short (4-3 days) as on
pumpkin. Although the growth indices of the larvae on these four diets
differ from one another the differences are statistically not significant. This
implies that all these four diets are more or less equally efficient for supporting
growth of D. cucurbitae.

Next in the order of suitability comes the fruit of the egg-plant on which
70 per cent larvae pupate in 5 days. The growth index of the larvae on this
diet is significantly less than that on the diets mentioned above. When the
larvae are offered fruits of papaya and lady’s finger, leaves of cabbage or inflo-
rescence of caulifiower, the percentage of pupating individuals is 56, 39, 43
and 48 respectively. The larval duration on the same diets is 6-6, 7-2, 6-6
and 6-8 days respectively. The growth indices of the larvae for these diets,
however, are not significantly different from one another, but they are signi-
ficantly lower than for the egg-plant. In other words, these 4 diets are equally
poorer than the egg-plant for the development of the insect.

So far as orange is concerned, 49 per cent larvae show pupation in 87 days
and their growth index is significantly less than that for papaya. However,
orange is similar to lady’s finger and cauliflower in its efficiency to support
growth of the larva. In experiments including fruits of banana or guava or
root of radish as the test diets, very high mortality of larvae is observed. The
percentage of individuals reaching pupal stage is only 4 in 8-8 days for banana,
3 in 9-5 days for radish and 1 in 11 days for guava. Larvae have never been
found to complete growth when offered tap root of carrot, tuber of potato or
fruit of lemon. However, their longevity is greater (4-6 days) on these diets
than on water alone or on discs of 2-5 per cent agar gel. This suggests that
even carrot, potato and lemon are a-little more nutritive than water or agar
agar,

ORIENTATION OF THE LARVA AMONG DIFFERENT PLANTS

Relative preference of the larva to different plants for orientation was
determined by offering them two diets at a time according to the method
already described. Of the two diets, one was always he fruit. of bottle gourd
and it served as the standard for comparing the response of the insects to

4
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various other diets. On the basis of the number of insects present on the
standard and on the test diets, the ° preference index’ of the larva for the test
diet was calculated according to the formula Ti’z‘s’ where ‘7'’ represents the
total number of insects present on the test diet and ‘S’ the total number of
insects present on the standard diet.

In experiments where the insects are given access to two different samples
of the standard diet bottle gourd, the preference indices of the larva for the
two samples are 0-53 and 0-47 respectively. These two values are not sig-
nificantly different from each other. In other words, the insect does not
exercise any discrimination among the two different samples of a particular
diet. In view of this it would be possible to determine the relative preference
of the larva for several different diets by comparing their preference indices.
The greater the preference index for a diet the greater would be its capacity
to draw the larva from a distance.

On this basis it has been observed that, amongst the cucurbitaceous plants
tested, the preference indices for cucumber and bottle gourd are the highest and
are not significantly different from each other (Table). The proportion of
insects drawn towards tinda is similar to that for bottle gourd, but it is sig-
nificantly less than that drawn towards cucumber. The preference indices of

TABLE

Growth index, preference index for distribution and feeding response of the larva of Dacus cucurbitae
on different plants

Mean Mean
Diet Mean preference index number of larvae
. growth index for showing feeding
distribution response

Cucumber 4-463 0-650 17-0
Bottle gourd 3-605 0532 18-8
Pumpkin 3-591 0-335 18-4
Tinda 3-546 0475 16-6
Bitter gourd 3236 0:356 13-6
Tomato 3-626 0-558 11-0
Egg-plant 2683 0-266 74
Papaya 1-720 0-840 19-6
Cabbage 1-320 0-010 10-2
Lady’s finger 1-266 ) 0-256 34
Cauliflower 1-235 0-672 17-2
Orange 1112 0-114 18-8
Banana 0-073 0-0 13-6
Radish 0:052 0-193 12-0
Guava 0-008 0-080 13-4
Potato 0 0-201 13-8
Carrot 0 0:060 1-4
Lemon 0 0052 9-8
2:59, agar gel 0 0:0 1-8
1.8.d. 0-501 0-12 2:92

4B
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the larva for bitter gourd and pumpkin are significantly lower than those for
the above-mentioned plants.

When the preference index for each of the non-cucurbitaceous plants is
considered, it is seen to be the maximum for papaya, which is even greater
than that for cucumber. Next in the order come cauliflower and tomato which
are equally preferred. Cauliffower is, however, superior to bottle gourd in
its capacity to draw the larvae to its vicinity though tomato is more or less
similar to bottle gourd in this respect. The proportion of individuals drawn
towards egg-plant, lady’s finger, potato or radish is almost the same and this
is much less than that for the non-cucurbitaceous plants mentioned above.
Preference indices for orange, guava, carrot, lemon, cabbage and banana
are very low and they do not significantly differ from the preference index for
agar agar which is 0. This indicates that these plants are quite ineffective
in drawing the insect.

FrEDpING ACTIVITY OF THE LARVA ON DIFFERENT PLANTS

Observations on the orientation of the larva on various diets do not give
any idea as to whether a greater preference to one or the other diet is for the
purpose of feeding or for some other purpose. To ascertain this the relative
feeding activity of the larva on various plants has been measured.

The results indicate (Table) that among the cucurbitaceous plants, highest
percentage of the larvae show feeding response to bottle gourd. . Their response
to pumpkin, cucumber and tinda is a little less but it is not significantly lower
than that for bottle gourd. In other words, these four cucurbits are most
suitable for ingestion by the larva. The percentage of individuals feeding on
bitter gourd is significantly less than that on the above-mentioned cucurbits.

Comparison of the feeding response of the larvae to different non-cucur-
bitaceous plants indicates that it is maximum for papaya. Orange and cauli-
flower come next in the order. Statistically, however, the feeding activity of
the insect on these three non-cucurbits is similar to that on the cucurbits
bottle gourd, pumpkin, cucumber and tinda. Potato, banana, guava, radish
and tomato, feeding response for all of which is statistically identical, are also
similar to the cucurbit bitter gourd for feeding. Cabbage and lemon are fed
upon less readily than bitter gourd, potato, banana and guava but almost
as much as radish and tomato. Lady’s finger and carrot, on which the feeding
activity of the larva is the least and similar to that on agar agar, are not at
all suitable for eliciting feeding response of the insect.

Discussion

The adult melon fly has been reported to feed on widely different types
of diets such as honey dew (Back and Pemberton 1917; Hagen 1950; Chris-
tenson and Foote 1960), nectar from flowers (Severin et al. 1914; Back and
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Pemberton 1917; Christenson and Foote 1960) and sap from the injuries on
trunks, stems, leaves or fruits (Back and Pemberton 1917; Christenson and
Foote 1960) of plants belonging to diverse taxonomic groups. Besides these,
the fruit fly has also been observed feeding on rotting fruits (Back and Pem-
berton 1917; Christenson and Foote 1960), bird droppings (Christenson and
Foote 1960) and decaying insects (Severin ef al. 1914; Back and Pemberton
1917; Christenson and Foote 1960). The larva, on the other hand, has been
found to infest various cucurbitaceous plants and also those of tomato, string
bean and cow pea more frequently than the others (Severin et al. 1914; Back
and Pemberton 1917; Ponce 1937).

Since the larva of the fruit fly cannot move over a long distance its presence
on a plant indicates that the adult fily must have laid the eggs on it. In view
of this, greater abundance of the larvae on the above-mentioned plants than
on others indicates that they are preferred by the adult fly for the purpose
of oviposition rather than for feeding. As the larva normally cannot select
its own food, its survival and growth depend upon the efficiency of the plant
selected by the adult fly. '

The observations presented in this paper reveal that all the plants pre-
ferred for oviposition need not be equally suitable for the growth of the larva.
For instance, its development on cucumber is significantly better than that
on tomato and other cucurbits tested. Certain plants like papaya, egg-plant,
cabbage, guava,.orange, etc., which are less frequently infested by the larva in
the fields, have also been found to support the growth of the insect to different
extent, Thus egg-plant, though inferior to the cucurbits, is better than
papaya, cabbage or orange for the growth of the larva. Guava, on the other
hand, can hardly support the development of the insect. Even on some of
the plants like lady’s finger and cauliflower, which remain free from the attack
of D. cucurbitae in the fields, the larva can grow as successfully as on papaya
or on cabbage. However, the plants of potato, carrot, lemon, etc., which are
also known to be free from infestation by the pest in nature, can hardly support
larval development.

It is thus evident that, among the plants on which the adults do not lay
eggs in the fields, at least some are capable of supporting growth of the larva.
These plants, which may grow in the fields at the same time as those of cucur-
bits, tomato, string bean or cow pea, seem to escape attack by the fruit fly due
to their non-suitability for oviposition by the insect.

Sometimes, however, the larva has been observed to come out of an infested
fruit and attack other fruits present in the neighbourhood (Back and Pem-
berton 1917). In such cases, suitability of the freshly attacked substrate for
the growth of the larva would be important in the life of the fruit fly. As
already described above, different plants differ from one another in their
efficiency to support development of the insect. These differences may depend
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upon relative suitability of the plants for feeding by the insect or on their
efficiency to provide the nutrients needed by the insect or on both. The present
observations elucidate to some extent the correlation between the suitability
of a plant for ingestion by the insect and its growth.

Ingestion of food by an insect is brought about in three stages, namely
(a) orientation of the insect in relation to site of its feeding, (b) its biting response
and (c) continuance of its biting response (Dethier 1953). In the present work
orientation of the larva of D. cucurbitae in relation to site of its feeding has
been studied on the basis of the number of individuals congregating on different
dietary substrates. The greater the number of larvae present on a particular
diet, the greater would be its attractiveness, i.e. its efficiency to draw the insects
from a distance. The relative attractiveness of the different diets can, there-
fore, be examined on the basis of preference indices of the insect presented in
this paper. Since these indices have been found to vary widely for different
diets, it is clear that the larva exercises discrimination in orienting itself when
offered a choice of different plants. Of the diets tested, papaya is the most
efficient in attracting the larva. The cucurbits, tomato and cauliflower come
next in order whereas orange, guava, carrot, lemon and banana are least efficient
in this respect.

The feeding response of the larva has been determined on the basis of
number of insects ingesting the dyed food and thus it represents the last two
stages in feeding, i.e. the biting response as well as its continuance. The insect
has been observed to exercise discrimination amongst the different diets for
the purpose of feeding as well. Papaya is again the best preferred diet, though
the cucurbits, orange and cauliflower are also equally suitable in this respect.
Next in order come banana, guava, radish, tomato and cabbage, whereas
lady’s finger and carrot are least suitable for ingestion by the larva.

It thus appears that the relative efficiency of a diet to draw the larva from
a distance does not always correspond with its ingestibility. For instance,
the number of insects drawn to tomato is almost the same as that drawn towards
bottle gourd or cucumber, but their feeding response to tomato is much feebler
than that to the cucurbits mentioned above, On the other hand, the feeding
activity of the larva on orange is as high as on the cucurbits, though its
attractiveness is very low.

These observations suggest that larva of the melon fly, D. cucurbitae,
does not visit a dietary substrate only for the purpose of feeding. If, therefore,
the role of ingestibility of a diet in the establishment of this insect is to be
examined, it is important that only observations on the feeding activity of
the larva, and not on its distribution, on the test substrate are considered.

On this basis it is observed that papaya, which is as good as the cucurbits
in eliciting feeding response from the larva, is'much inferior to them in support-
ing growth of the larva. Similarly orange, which is also equally suitable for
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ingestion by the insect, is poorer than even papaya for the growth of the larva.
Tomato, on the other hand, is much less suitable than papaya, orange and the
cucurbits for feeding by the larva but its efficiency to support growth of the
ingect is as good as that of the cucurbits. It therefore appears that the
cucurbits and tomato are richer than papaya in nutrients so that in spite of
their lower ingestibility they support better growth of the larva. On potato,
banana, guava and radish, which are also fed upon as readily as bitter gourd
and tomato, the larva can hardly grow. This is evidently due to lack of proper
nutrients in these plants.

In short, the relative suitability of the different diets for ingestion by the
larva of D. cucurbitae does not seem to govern its growth as much as their
efficiency to provide the nutrients required by the insect.
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