R. Kaur and P.J. Rup (2002) Phytoparasitica 30(3):XXX-XXX

Evaluation of Regulatory Influence of Four Plant Growth
Regulators on the Reproductive Potential and Longevity of
Melon Fruit Fly (Bactrocera cucurbitae)

Rabinder Kaur and P.J. Rup*!

The topical treatment given to freshly emerged (0-1-day-old) male and female adults of
Bactrocera cucurbitae (Coquillett), a serious pest of cucurbit crops in tropical countries,
with 25, 125, 625 and 3125 ppm concentrations of gibberellic acid (GAs), indole-3-acetic
acid (IAA), kinetin and coumarin showed a significant adverse influence on the reproductive
potential of this fruit fly. The assessment for reproductive potential was made on the basis
of reduction in fecundity and fertility of laid eggs and measured as sterility in females and
shortening of the longevity, i.e. ovipositional phase. The strongest influence was with kinetin,
followed closely by coumarin, then GA3 and lastly with IAA treatments. It was concluded
that although these compounds demonstrate their activities differently in plants and might
be following a different mode of action in insects, they ultimately influence the reproductive
potential of this insect.
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INTRODUCTION

The growth regulatory compounds of the plants, directly or indirectly, are bound to
play a vital role in the patterns of growth and reproduction of associated phytophagous
insects. This presumption receives support from reports in the literature demonstrating their
influence on these parameters, when added to the diet or applied exogenously on the insects,
in the case of abscisic acid (ABA), gibberellic acid (GA3), kinetin, etc. (1,13,23,26). Some
workers have even recommended the use of plant growth regulators (PGRs) like GAg3,
coumarin, 1AA, etc., as successful chemosterilants against some insect pests (12,19,24).
In the present day search for eco-friendly compounds to replace the traditional synthetic
organopesticides, a thorough and specific investigation of these compounds might yield
some promising candidate compounds for use in the IPM programme of economically
important insect pests.

The fruit flies of the family Tephritidae (Diptera), such as Anastrepha suspensa (Loew),
Ceratitis capitata (Wiedemann), Bactrocera cucurbitae (Coquillett) and Dacus dorsalis
Hendel, are serious pests of many fruit and vegetable crops. They oviposit eggs directly
on fruits and their larvae feed on the pulp, destroying the crop’s maturing fruit. In the
literature, some workers have reported adverse effects of GA3 and IAA on the growth
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and reproduction of A. suspensa, C. capitata and D. dorsalis (4,5,10,24,25). The melon
fly B. cucurbitae is the commonest and most destructive pest of cucurbit fruits in tropical
countries including India, sometimes causing total loss of yield, and to date has defied
the conventional control measures with organopesticides. The PGRs like GA3, IAA and
kinetin have been observed to affect adversely the growth and development of this fruit fly
(7,8,14). The present investigation is an attempt to explore the effects of four PGRs, i.e.,
GAs, IAA, kinetin and coumarin (belonging to four main classes of phytohormones, or
mimicking their activities), on the longevity and reproductive potential of this fruit fly.

MATERIALS AND METHODS

The effects of GA3, IAA, kinetin and coumarin on the reproductive potential and
longevity of the melon fruit fly, B. cucurbitae, were investigated by exposing the freshly
emerged adult flies (0-1 day old) to four different concentrations (25, 125, 625 and 3125
ppm) of these PGRs. The compounds were purchased from Loba Chemie Private Ltd.,
Mumbai (India). The solutions of GA3, IAA, kinetin and coumarin were prepared in
ethanol, ethanol 0.1N NaOH and hot distilled water, respectively. The colony flies were
reared in stock by adopting the procedure described by Gupta and co-workers (6). The
flies were provided with Protinex (Pfizer India) and 20% sugar solution as food and
with pumpkin (Cucurbitae moschata Dusch.) as natural food for oviposition. The stock
cultures of flies were maintained in the insect culture room/B.O.D. (biological oxygen
demand) incubators with regulated temperature (25+2°C), relative humidity (70-80%) and
photophase (L:D, 10:14).

The freshly emerged adult flies, procured from the stock culture, were sexed, immobi-
lized and treated topically by applying 1 ul solution of PGR on their dorsum with a micro-
applicator. In the control experiment, the flies were treated topically with the respective
solvent used for preparing the stock solutions of PGRs. The treated flies were released in
wire gauge cages (15x15x16 cm), and provided with Protinex, sugar solution and fresh
pumpkin pieces. The pumpkin pieces on which eggs had been oviposited were changed
daily, cut open, and the number of eggs in them was counted. The observations were
continued until the flies died. There were six replications, each of which consisted of three
pairs of adults, for all the concentrations and PGRs. A control was also run simultaneously
with all the treatments of each PGR except for one or two experiments, in which tests for
all concentrations could not be started at the same time; in these cases, control experiments
were run with each set of treatments and the mean values of control were used for analyses.
The data were tabulated for fecundity, percent fertility of eggs and total longevity. The
corrected percent sterility was also calculated by applying the following formula:

% Fertility in control — % Fertility in treatment

Corrected percent sterility = x 100

% Fertility in control
The data were then subjected to statistical analysis by ANOVA, least significant
difference (LSD) and linear correlation coefficient (r) in order to assess the relativity and
significance of effect of PGRs on the reproductive potential and longevity of the melon
fruit fly.

RESULTS

Both the fecundity and fertility of melon fruit flies were significantly reduced when the
0-1-day-old adults were treated with the four PGRs (Tables 1-4). However, the severity
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of their effects was not of the same intensity. The maximum reduction in total number
of eggs, percent fecundity, percent fertility and an increase in corrected percent sterility
were observed in the kinetin treatment, where fecundity was reduced to 23.38+8.56% with
12.72+2.81% fertility even in the treatment with the lowest concentration tested, viz., 25
ppm, compared with the control; corrected percent sterility reached 85.55+9.13 (Table 1).
This influence of kinetin on the reproductive potential increased as its concentration was
raised. The calculated r-value was —0.8794 for fecundity and —0.4045 for fertility and these
values were the highest among the four PGRs. In the severity of effect on reproductive
potential, Kinetin was followed by coumarin and GA3, with LSDg ¢; values of 78.52,
135.37 and 137.36, respectively (Tables 1-3). The r-values for fecundity and fertility for
coumarin treatment were —0.5595 and —0.3350, respectively (Table 2), and those for the
GA; treatment were —0.5611 and —0.2570, respectively (Table 3). However, in the IAA
treatment, the ANOVA test was found to be non-significant and r-values were also low,
although there was a reduction of approximately 50% in the number of eggs laid (Table 4).

TABLE 1. Reproductive potential of adult female Bactrocera cucurbitae when treated with kinetin
(values are means+SE)

Kinetin concentration Total no. of % Fecundity % Fertility Corrected %
(ppm) eggs/ female sterility
Control 412.50+6.14 100 88.05+2.20 -

25 99.00+36.72  23.38+8.56 12.72+2.81 85.55+9.13
125 69.33+2.96 16.80+0.75 14.93+3.11 83.04+10.52
625 47.004+12.45 11.66+3.20 17.75+1.59 79.84+6.65
3125 22.00+8.96 5.514+2.26 9.45+3.45 89.26+9.76
F 67.59** - 19.08** -

LSD (P=0.01) 78.52 - 10.41 -

r -0.8794 - -0.4045 -

** significant at 1% level.

TABLE 2. Reproductive potential of adult female Bactrocera cucurbitae when treated with coumarin
(values are means+-SE)

Coumarin concentration Total no. of % Fecundity % Fertility Corrected %
(ppm) eggs/female sterility
Control 412.50+06.14 100 88.05+2.20 -

25 142.50421.74  35.02+5.78 23.8718.72 72.89414.70
625 92.33429.03 22.88+£7.35 23.07+£2.35 39.8643.61
3125 127.83+56.89  30.04+13.29  09.34+3.41 76.38+8.52
F 19.53** - 5.09** -

LSD (P=0.01) 135.37 - 18.32 -

r -0.5595 - -0.3350 -

** significant at 1% level.

Analysis of the data for longevity of both males and females revealed that treatment
with any of the four PGRs led to reduced longevity, with coumarin and kinetin being the
most potential chemicals followed by GA3 and IAA (Tables 5 and 6). With coumarin, the
longevity of both males and females was reduced to ~ one-third compared with the control,
even in the 25 ppm concentration treatment, whereas in the kinetin treatment the longevity
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of males only was reduced to ~ one-third and that of females was reduced to ~ half the
value in the control. Longevity was further reduced when the concentration was increased
in the coumarin and kinetin treatments, but correlation was not very strong: r-values for
coumarin were —0.4676 (males) and —0.5274 (females), and those for kinetin were —0.4222
(males) and —0.4040 (females). These two chemicals were followed by GA3 and then IAA
in their influence.

TABLE 3. Reproductive potential of adult female Bactrocera cucurbitae when treated with GA3
(values are means+SE)

GA3 concentration Total no. of % Fecundity % Fertility Corrected %
(ppm) eggs/female sterility
Control 412.50+6.14 100 88.05+2.20 -

25 279.50+39.14 68.53+10.49  33.05+1.15 62.4645.32
125 170.00+£57.27 40.24+13.29  30.994+2.90 64.80+4.88
625 60.1745.99 14.48+1.23 17.11+1.46 80.56+4.93
3125 79.17+4.56 19.13+0.81 17.56+3.87 80.05+8.16
F 18.56** - 14.24** -

LSD (P=0.01) 137.36 - 10.13 -

r -0.5611 - -0.2570 -

** significant at 1% level.

TABLE 4. Reproductive potential of adult female Bactrocera cucurbitae when treated with I1AA
(values are means+SE)

IAA concentration Total no. of % Fecundity % Fertility Corrected %
(ppm) eggs/female sterility
Control 412.50+6.14 100 88.05+2.20 -

25 237.50+£70.45 59.05+18.01 23.82+0.75 72.94+4.94
125 199.004+59.94 47.19+13.82 20.58+8.07 76.62+18.06
625 180.504-48.53 44.724+12.42 21.14+7.72 75.994+15.81
3125 220.50+74.91 54.844+19.00 15.9745.83 81.86+15.43
F 2.62 (n.s.) - 2.19 (n.s.) -

r -0.2469 - -0.2659 -

TABLE 5. Longevity of adult male Bactrocera cucurbitae when treated with four plant growth
regulators (values are means+SE)

Concentrations tested Longevity of males (days)
(ppm)

GA3 I1AA Kinetin Coumarin
Control 91.50+2.95 91.50+2.95 91.50+2.95 91.50+2.36
25 57.174+16.56 69.17426.34  28.504-6.49 29.17+7.80
125 46.33+£19.64 56.50417.16  39.0049.99 -
625 21.33+8.46 34.67+15.52  46.50+11.67 22.50+6.30
3125 30.504+10.68  21.83£9.25 15.67+4.49 33.174+7.36
F 8.68** 4.47** 19.88** 37.16**
LSD (P=0.01) 37.33 52.52 26.03 19.77
r -0.4177 -0.3963 -0.4222 -0.4676

**_significant at 1% level.
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TABLE 6. Longevity of adult female Bactrocera cucurbitae when treated with four plant growth
regulators (values are means%SE)

Concentrations tested Longevity of females (days)
(ppm)

GA3 1AA Kinetin Coumarin
Control 87.67+2.36 87.67+2.36 87.67+2.36 87.67+2.36
25 72.67+1250 67.50£27.03 44.00+10.71 29.50+8.52
125 60.33£19.51 51.174+24.18 33.67+11.21 -
625 33.00+10.69 54.00£17.80 31.00+10.34 24.67+6.57
3125 26.67+£13.31 56.67+13.92 27.83+13.29 24.00+£7.54
F 7.01%* 0.72 (n.s.) 10.63** 41.69**
LSD (P=0.01) 39.40 - 30.47 18.29
r -0.3549 -0.1619 -0.4040 -0.5274

**_significant at 1% level.

DISCUSSION

The critical analysis of the results revealed that all four chemicals investigated signifi-
cantly reduced both fecundity and fertility, thereby inducing partial sterility in females. In
addition, the treatments also shortened the longevity of melon fruit flies drastically and thus
reduced the oviposition period. All the factors collectively and significantly affected the
reproductive potential of this fruit fly. In the severity of effect on the reproductive potential,
the influence was found to be in the following sequence: kinetin > coumarin>GA3>1AA.

Similarly, a reduction in the reproductive potential following the application of kinetin
(a kinin) has been reported in Aphis fabae (Scopoli), Aulocara €liotti (Thomas) and
Zaprionus paravittiger (Godbole & Vaidya) (20,21,23,27). The prolongation in the
developmental period and reduction in the reproductive potential with a low concentration
(25 ppm) of kinetin in Z. paravittiger has been correlated to the anti-ageing activity of
kinetin (23). The researchers hypothesized that this could be due to the fact that energy
required for the production of eggs was channeled into the prolongation of younger stages,
i.e., developmental period.

Studies with Drosophila melanogastor (Meigen) (11), Stotroga cerealella (Oliv.) (12),
Aphis craccivora Koch. (9) and Lipaphis erysimi (Kaltenbach) (17) also demonstrated
a significant reduction in the reproductive capacity following coumarin (an abscissin)
treatment. In addition to these, adverse effects on the reproductive potential with
another abscissin, viz, ABA, have been reported in A. dliotti and D. melanogaster
(26,28,29). This has been attributed to the chemical configuration of ABA, which is a
sesquiterpenoid compound, derived similarly from farnesol as a juvenile hormone (JH)
(26). The researchers presumed that ABA might have interfered in the metabolic pathways
regulated by endogenous JH and affected the vitellogenesis. A similar effect of ABA
on vitellogenesis has been reported in Sarcophaga bullata (2). Kinetin and coumarin —
although having different chemical configurations and demonstrating a different influence
in plants and perhaps a different mode of action — induce similar end results on the
reproductive potential of B. cucurbitae.

The influence of GAj3 treatment on reproductive potential, including shortening of
longevity, is also highly significant in the present study. Corroboratory influence of GA3
on reproductive potential and longevity has been observed in Spodopteralittoralis (Boisd.)
(19), A. dliotti (26) and Z. paravittiger (16). The chemical configuration of GA3, a
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terpenoid compound, is also similar to a JH and it was hypothesized that GA3 interfered
in the endocrinal metabolic processes involved in reproduction (1,26). However, contrary
to the present findings, an improvement in the reproductive potential was reported when
the nymphs of Schistocerca gregaria (Forskal) and larvae of Bombyx mori L. were fed on
medium into which low concentrations of GA3 had been incorporated (3, 22).

In the present study 1AA had a relatively low level of adverse activity on the longevity
and reproductive potential of B. cucurbitae. Adverse activity of IAA on the reproductive
potential has also been observed in L. erysimi, Z. paravittiger and D. dorsalis (15,18,24).
This influence of IAA has been correlated to its interference with the neurosecretory
system, which might affect the reproductive potential (24).

It may be concluded that different PGRs influence the well-being of various insects
differently, depending on a number of factors. In the present case, of four PGRs
investigated, both kinetin and coumarin — which had severe adverse effects on reproductive
potential of B. cucurbitae at very low concentrations — should be explored further for their
overall influence on the population build-up and pest status in the field. They could prove
to be environmentally safe compounds for use in the management of this fly.
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