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Introduction:-

The degradation of environment and deteriorating public health caused by excessive and persistent use of pesticides
has been highlighted in a number of studies. Suitable alternatives that have low environmental impact and are safe to
humans need to be found so that reliance on pesticides for pest control can be reduced. This requires a consistent
effort by entomologists to find and develop ecofriendly and biodegradable compounds for the management of insect
pests. Insects and plants have been living together for more than 350 million years (War et al., 2012). A lot of
progress has been made in understanding insect plant interactions. These studies have unravelled a wide range of
plant secondary metabolites which provide a chemical barrier to phytophagous insects and other herbivores.
Exploration of these secondary compounds with an intention to exploit them for regulating pest population has
recently become a subject of intense research. These compounds of plant origin are harmless to non target organisms
and are readily biodegradable, so can be a promising alternative to organic pesticides. Moreover, the use of natural
plant compounds as insecticides has numerous advantages compared to synthetic materials. Also, the advent of
advanced molecular techniques has made it possible to breed crop varieties with higher content which can enhance
commercial value while affording resistance.

Among the secondary metabolites, plant phenols play a pivotal role in host plant resistance against pests. They
reduce damage caused by insects through their deterrent or antifeedent effect (Simmonds et al., 1990). They
negatively influence the development of pests by curbing the products of digestive enzymes, causing potential anti-
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digestive effect, causing midgut lesions by producing oxygen free radicals and deterrence of feeding (Ghosh et al
.,2002; Mann and Kufermann, 2012).

Phloroglucinol is the simplest member of the phloroglucinol family of organic compounds consisting of more than
100 naturally occurring derivatives that exhibit a wide array of useful biological activities (Singh et al., 2009).
Phloroglucinol and its derivatives have been used in pharmaceuticals, the dyeing industry and plant tissue culture
(Singh and Bharat, 2006; Singh et al., 2010). In medicine, phloroglucinols have various useful biological properties
such as antiinflammatory, anti-cancer, anti- microbial, antioxidant and neuro regenerative activities (Pulido et al.,
2000; Jafri et al., 2006; Kang et al., 2006; Singh et al., 2009; Xu et al., 2013; Ryu et al., 2013). However it has not
been much explored for its anti insect potential. The present study therefore aimed at investigating the influence of
phloroglucinol on the development of melon fruit fly B. cucurbitae, a pest of significant agricultural importance.
Though native to India, its potential for rapid range expansion owing to its great mobility, high fecundity, fertility,
life span and a short egg eclosion period (Kumar et al., 2001) has resulted in its spread throughout the tropical and
subtropical regions. Crop losses resulting from its infestation often reach proportions greater than 60 % (Kapoor,
2000).

Materials and Methods:-

The larvae of B. cucurbitae were procured from vegetables grown in kitchen gardens of Guru Nanak Dev University
campus. The flies emerged from the larvae were identified according to the taxonomic keys given by Kapoor (1993)
and White and Elson-Harris (1992). The flies were reared in wire mesh cages (45%45x50 cm) in the insect culture
room according to the methodology given by Gupta et al. (1978). The insect culture was maintained at a
temperature of 25+2°C, relative humidity 70-80% and photoperiod of 10h light: 14 h dark. The flies were provided
food comprising of protinex mixed with a pinch of vitamin E and sugar solution. Pumpkin pieces were placed in
wire mesh cages for oviposition.

Test chemical:-
Phloroglucinol, a simple phenol was purchased from Loba Chemie Private Limited, Mumbai, India.

OH

HO OH

Bioassays:-

Experiments were conducted on the first, second and third instar larvae. The larvae of same age were obtained by
releasing around 150 pairs of gravid flies in rescholar’s wire mesh cages provided with fresh pumpkin pieces for
oviposition. After an interval of 8h, the egg laden pumpkin pieces were removed from the cages. The first instar
larvae were harvested in saline water after 48h of removal of the pumpkin pieces, the second instar larvae were
obtained after 72h and harvesting of the third instar larvae was done after 96h. The bioassays were conducted using
phloroglucinol concentrations viz. 5, 25, 125, 625, 3125 ppm and water as control. The larvae of different age
groups were released in glass vials containing various concentrations of phloroglucinol incorporated in artificial diet.
The artificial diet was prepared according to the methodology of Srivastava (1975). The experimental vials were
kept in B.O.D. under controlled conditions of temperature, humidity and photoperiod. Each treatment comprised of
six replications with 15 larvae in each replication. All experiments were repeated twice. The parameters for studying
the antibiosis influence of phloroglucinol included time taken by the larvae to form pupae, number of pupae formed
from larvae, time taken for adults to emerge from pupae and percentage emergence. Separate experiments were
conducted to study the effect of phloroglucinol on pupal weight of three larval instars. Observations to record the
data were made after every 24 h interval till the termination of experiments.

Nutritional assays:-

The nutritional assays were done using second instar larvae (64-72h old) of melon fruit fly. The larvae were weighed
and placed in glass vials having diet containing various concentrations of phloroglucinol and water as control. The
larvae were weighed again after 24h, 48h and 72h of treatment to assess change in weight of the larvae. The mean
relative growth rate (MRGR) was calculated by using the formula of Martinez and Emden (2001)
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MRGR(mg d )
mg/ ay | =

__ logN final weight (mg) — logN initial weight (mg)

time (in days)

Food assimilated (FA) was calculated by using the formula given by Khan and Saxena, (1985) after slight

modifications.

ci .
+tf—ti

C
FA (mg) = ti X —
ci

where ci = initial weight of control larvae, cf = final weight of control larvae,
ti = initial weight of treated larvae and tf = final weight of treated larvae.

Statistical analysis:-
The data obtained was analysed through one way analysis of variance (ANOVA) and the means of significant
parameters were compared by Tukey’s honestly difference test using Assistat (7.7).

Tablel:-The effect of phloroglucinol on larval period (in days) of B. cucurbitae.

Concentrations First instar Second instar Third instar
(ppm) (Mean £ S.E.) (Mean £ S.E.) (Mean £ S.E.)

0 9.13+0.19a 7.36 £0.10b 4.35+0.08

5 9.04 £0.22a 7.46 £ 0.10ab 4.27 +0.07

25 9.18 £ 0.16a 7.42 £0.08b 4,40 £0.17

125 9.11 £ 0.05a 7.77 £0.13ab 4.36 +0.16

625 9.53 + 0.25a 7.63+0.17ab 4.09+0.12
3125 9.78 +0.13a 7.94 +0.12a 4.33+0.11
F(df=5) 2.70* 3.49* 0.83 n.s.

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

* = Significant at 5% level; n.s. = Non Significant

Table2:-The effect of phloroglucinol on total developmental period (in days) of B. cucurbitae.

Concentrations First instar Second instar Third instar
(ppm) (Mean £ S.E.) (Mean £ S.E.) (Mean £ S.E.)

0 19.92 +0.23b 15.79 + 0.09a 13.38 + 0.04

5 20.11 £ 0.10b 15.85 +0.11a 13.36 + 0.06

25 19.96 + 0.10b 15.82 +0.09a 13.39 +0.09
125 20.46 + 0.11b 15.99 + 0.09a 13.42 +0.11
625 20.29 + 0.21b 16.12 + 0.04a 13.29 +0.15
3125 21.89 + 0.51a 16.14 + 0.09a 13.43 +0.10
F(df=5) 8.53** 3.17* 0.28n.s.

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

** = Significant at 1% level; * = Significant at 5% level and n.s. = Non Significant

Table3:-The effect of phloroglucinol on percent pupation of B. cucurbitae.

Concentrations First instar Second instar Third instar
(ppm) (Mean + S.E.) (Mean £ S.E)) (Mean + S.E.)

0 74.44 + 3.62a 82.22 +2.22a 90.00 + 1.49

5 74.44 + 4.69a 80.00 + 2.43a 93.33+1.72
25 70.00 + 3.33a 82.22 + 2.81a 93.33+2.43
125 67.78 + 2.05a 77.78 +3.72a 92.22 + 2.05
625 63.33 + 2.28ab 76.67 + 2.85ab 94.44 + 2.05
3125 52.22 + 2.05b 65.56 + 2.68b 92.22 +2.68
F(df=5) 7.07** 4.87** 0.52n.s.

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

** = Significant at 1% level and n.s. = Non Significant.
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Table 4:-The effect of phloroglucinol on larval weight gain (mg) when 64-72h old larvae of B. cucurbitae were fed
on phloroglucinol incorporated in artificial diet.

Concentrations After 24h After 48h After 72h
(ppm) (Mean £ S.E.) (Mean £ S.E.) (Mean = S.E.)
0 6.303 + 0.018a 9.743 + 0.039a 10.802 + 0.052a
5 6.230 + 0.022a 9.553 + 0.046a 10.297 + 0.050b
25 6.098 + 0.034b 8.855 + 0.048b 9.832 + 0.063c
125 6.060 + 0.030b 8.888 + 0.057b 9.622 + 0.072cd
625 5.992 + 0.035hc 8.728 + 0.052b 9.403 + 0.044d
3125 5.897 + 0.036¢ 8.460 + 0.079c¢ 8.928 + 0.093e
F(df=5) 24.800** 82.988 ** 106.086 **

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

** = Significant at 1% level

Table5:-The effect of phloroglucinol on pupal weight (mg) of three instars of B. cucurbitae.

Concentrations First instar Second instar Third instar

(ppm) (Mean = S.E.) (Mean + S.E.) (Mean = S.E.)
0 11.91 + 0.05ab 12.94 +0.14a 12.162 +0.17
5 12.12 £ 0.15a 12.88 £ 0.15a 12.150 + 0.16
25 12.31 £ 0.36a 13.18 £0.13a 12.058 + 0.06
125 11.39 + 0.20abc 12.50 = 0.10ab 12.478 + 0.05
625 10.96 + 0.19hc 11.96 £ 0.23b 11.862 +0.09
3125 10.50 = 0.30c 10.96 £ 0.23c 12,412 +0.31
F(df=5) 9.48** 23.01** 1.91ns.

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

** = Significant at 1% level and n.s. = Non Significant

Table 6:-The effect of phloroglucinol on Mean larval growth rate (mg/mg/day) when 64-72h old larvae of B.
cucurbitae were fed on phloroglucinol incorporated in artificial diet.

Concentrations After 24h After 48h After 72h
(ppm) (Mean £ S.E.) (Mean £ S.E.) (Mean £ S.E.)
0 0.553 +0.002 a 0.382+£0.001 a 0.273 £ 0.001a

5 0.550 + 0.004 ab 0.377 £ 0.001a 0.265 + 0.001b
25 0.542 +0.002bc 0.357 £ 0.002b 0.256 + 0.002¢
125 0.538 +0.003 cd 0.358 + 0.002b 0.253 + 0.002cd
625 0.535 + 0.003cd 0.354 + 0.002b 0.249 + 0.001d
3125 0.528 +0.003d 0.346 + 0.003c 0.240 + 0.002¢
F(df=5) 12.905 ** 54,730** 70.924**

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

** = Significant at 1% level

Table 7:- The effect of phloroglucinol on Food assimilated (mg) when 64-72h old larvae of B. cucurbitae were fed
on phloroglucinol incorporated in artificial diet.

Concentrations After 24h After 48h After 72h
(ppm) (Mean £ S.E)) (Mean £ S.E.) (Mean £ S.E))
0 12.607 + 0.036a 19.487 + 0.077a 21.604 + 0.104a
5 12.510 + 0.023ab 19.265 + 0.094a 20.008 + 0.056b
25 12.390 + 0.055bc 18.579 + 0.043b 19.555 + 0.085¢
125 12.352 + 0.047bcd 18.613 + 0.054b 19.346 + 0.078cd
625 12.263 + 0.042cd 18.424 + 0.076bc 19.099 + 0.060d
3125 12.185 + 0.040d 18.179 + 0.099¢ 18.647 + 0.069¢
F(df=5) 14.081 ** 44,120 ** 179.634 **

According to the Tukey test (p = 0.05) means having same letter within columns are not significantly different.

** = Significant at 1% level
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Figurel:-The effect of phloroglucinol on percent emergence of first instar larvae of B. cucurbitae. Bars represent
mean value and standard error. Different letters indicate mean values that are significantly different (Tukey test, p =
0.05).
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Figure2:- The effect of phloroglucinol on percent emergence of second instar larvae of B. cucurbitae. Bars
represent mean value and standard error. Different letters indicate mean values that are significantly different
(Tukey test, p = 0.05).
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Figure3:-The effect of phloroglucinol on percent emergence of third instar larvae of B. cucurbitae. Bars represent
mean value and standard error. Different letters indicate mean values that are significantly different (Tukey test, p =
0.05).

Results and discussion:-

Phloroglucinol showed an adverse effect on the development of first and second instar larvae of B. cucurbitae. The
larval period and total developmental period was delayed significantly in the treatment of first and second instar
larvae as compared to control. However no significant effect of phloroglucinol was observed on the development
duration of third instar larvae. The delay in the larval and total developmental period was comparatively greater in
first instar larvae than in the second instar larvae. In the treatment of first instar larvae the larval period was
extended by 0.65days and total developmental period was extended by 1.97 days at 3125ppm concentration as
compared to control (Tables 1 and 2). Delayed pupation of 2 to 5 days has also been perceived in Olive fruit fly,
Dacus oleae Gmel. (Diptera: Tephritidae) when the larvae were fed on phloroglucinol incorporated diet (Manoukos,
1996). Phloroglucinol also increased the larval duration and survival of cotton bollworm, Heliothis armigera Hubner
(Insecta: Noctuidae) (Ananthakrishnan et al., 1990). The delay in the larval and total development period of first and
second instar larvae of B. cucurbitae indicates an antifeedant or toxic effect of the compound. A concentration
dependent decrease in percent pupation and percent emergence was observed after incorporation of phloroglucinol
in the diet given to the first and second instar larvae. In the first instar larvae, the percentage pupation was decreased
by 29.85% while in the second instar larvae it was reduced by 20.26% at 3125ppm when compared to control (Table
3). The inhibitory effect of phloroglucinol was considerably greater on percentage emergence. The percentage of
adults emerged reduced by 85.45% in the treatment of first instar larvae (Fig.1) and by 77.41% in the second instar
larvae (Fig.2) as compared to control. The present findings are consistent with the results of Manoukas (1996) who
also observed reduced percentage pupation and percentage emergence of B. oleae with increase in concentration of
phloroglucinol. At higher concentrations of 0.4 and 0.8 %, the larvae fail to survive. Reese and Beck (1976) too
perceived an inhibitory effect of phloroglucinol on percentage pupation of black cutworm, Agrotis ipsilon
(Hufnagel) (Lepidoptera: Noctuidae). The present findings indicate toxicity of the compound induced after ingestion
by the larvae of B. cucurbitae. No significant effect of phloroglucinol was observed on pupation and emergence in
the treatment of third instar larvae of B. cucurbitae (Table 3 and Fig.3). Similar findings are reported by Aurade
(2011) in Helicoverpa armigera (Hubner) (Noctuidae: Lepidoptera) where phloroglucinol has no significant effect
on survival of third instar larvae. The tolerance of the third instar larvae of B. cucurbitae against phloroglucinol
indicates that the larvae posses an ability to alleviate the toxic effects of phloroglucinol. Phloroglucinol also caused
a significant decrease in pupal weight of melon fruit fly when first and second instar larvae were given treatment
while the pupal weight of third instar was not affected by the incorporation of compound in the diet (Table 5). The
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larval weight of second instar decreased significantly with treatment when observations were made at three different
time intervals (Table 4). The decrease in larval weight was concentration dependent. Mean relative growth rate was
decreased with increasing time interval in second instar larvae (Table 6). Food assimilated by the second instar
larvae was also affected in a negative manner in dose dependent manner. Inhibitory effects of phloroglucinol on
feeding, growth and survival of black cutworm has been reported by Reese and Beck (1976). They observed that
phloroglucinol inhibits growth of A. ipsilon (Hufnagel) (Lepidoptera: Noctuidae) by reducing the efficiency of
conversion of assimilated food. Ananthakrishnan (1990) too has reported reduction in consumption index and
mortality of the cotton bollworm, H. armigera after treatment with phloroglucinol. Pavela (2007) also has reported
that phloroglucinol was among the two most effective phenols out of the nine phenols tested on third instar larvae of
colorado beetle, Leptinotarsa decemlineata (Say) in decreasing feeding of larvae in dose dependent manner. Less
weight of the larvae and pupae on treated diet compared to control diet suggests the inability of the larvae to feed or
utilize the food for its growth. Sadek (2003) has suggested that the deterrent effect on feeding by insects may evolve
due to chemical sensilla on mouth parts or retracted pulses coming from stomodael nervous system after ingestion.
The present findings thus revealed a deterrent and toxic effect of ingestion of phloroglucinol on the early larval
instars of B. cucurbitae.

Conclusion:-
The present findings indicate considerable potential of phloroglucinol to inhibit insect growth and can be used by
plant breeders to enhance resistance in crops against insect pests.
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