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The purpose of this study was to evaluate the antifeedant and oviposition-deterring activity of total gin-
senosides against P. rapae. Total ginsenosides exhibited increased antifeedant effects against P. rapae. The
highest nonselective and selective antifeedant activity were observed at 2.0% concentration where gin-
senosides caused antifeedant percentages of 86.09 and 88.90, respectively. The total ginsenosides showed

significantly oviposition-deterring activity of 77.78% against oviposition of P. rapae at 1.0% concentration.
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Total ginsenosides had antifeeding activity against P. rapae and inhibitory effects on its oviposition.

Ginsenosides could be used as an agent to prepare botanical new pesticidal formulations.

© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Panax ginseng C.A. Meyer is one of the most traditional medici-
nal herb in East Asia. Triterpene glycoside saponin, named
ginsenoside, the major active component in ginseng which have
various biological and pharmacological activities (Liu etal,
2010). However, while the pharmacological properties of ginseno-
sides have been extensively studied, their ecological role has not
been systematically investigated. Secondary metabolites of some
plants were well known that may act as kairomones, allomones,
stimulants or deterrents of feeding and oviposition, antifeedants,
insecticides and insect hormones (Nawrot et al., 1986). Saponins
are generally considered to be part of defense systems to counter
pathogens and pest attacks (Francis et al., 2002; Sparg et al,,
2004; Augustin et al., 2011) and can be anticipated to influence
herbivore feeding behavior (Kubo, 2006; Gotawska et al., 2008,
2010). The bitter taste of ginsenosides makes them either insecti-
cides or antifeedants to phytophagous insects (Ikbal et al., 2007,
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Saha et al.,, 2010). Although many researches have widely studied
the effects of saponins and flavonoids on insects, little is known
about ginsenosides affecting insect behavior, especially feeding
behavior. Therefore, in this paper, the effects of ginsenosides on
feeding behavior and oviposition-deterring activity of P. rapae are
examined in detail.

2. Materials and methods

Insects—Third instar larvae of P. rapae were collected from the
cabbage experimental fields in Jilin Agricultural University,
Changchun, China. The laboratory colony of P. rapae was main-
tained as previously described (Zhang et al., 2005). Briefly, P. rapae
larvae were raised on fresh cabbage leaves in a plastic cage (55 cm
x 55cm x 55cm, 1.0mm x 1.0mm mesh) at 25+1°C and
65 *+ 5% RH under a L16:D8 photoperiod. The adults were then kept
in a cage in the greenhouse until used in the experiments.

Chemicals--The total ginsenosides (purity > 80%, UV method)
were purchased from Jilin Hongjiu Biotech Co., Ltd. These were
dissolved in distilled water.

2.1. Bioassay for feeding behavior and oviposition-deterring activity

A leaf disc bioassay was used to test insect for evaluation of
antifeedant activity (Yan, 2011; Wen, 2010). The ginsenoside con-
centrations were 2.0%, 1.0% and 0.5% (mass fraction (MF)). These
concentrations are within the range of ginsenoside levels normally
found in P. ginseng. Leaf discs(® =2.0 cm) were cut from fresh
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Table 1
Nonselective antifeedant ratio of total ginsenoside on third instar larvae of P. rapae.

Concentration of total 3h 6h
ginsenosides (%)

9h

Average feeding Nonselective

2)

Average feeding

Nonselective Average feeding Nonselective

area (cm antifeeding ratio (%) area (cm? antifeeding ratio (%) area (cm? antifeeding ratio (%)
Control 3.76 +0.37 - 3.67+0.24 - 3.73+0.31 -
0.5 1.87£0.20 50.38¢ 2.16 +0.26 41.24c 224+0.25 40.16¢
1.0 1.19+0.12 68.29b 1.79+0.35 51.14b 2.16+0.31 42.11b
2.0 0.52+0.19 86.09a 0.78 +0.12 78.75a 1.19+035 68.06a
Data are presented as the means + SE (P <.05).
Table 2
Selective antifeedant ratio of total ginsenosides on third instar larvae of P. rapae.
Concentration of total 3h 6h 9h

ginsenosides (%)

Average feeding Selective antifeeding

Average feeding

Selective antifeeding  Average feeding Selective antifeeding

area (cm? ratio (%) area (cm? ratio (%) area (cm? ratio (%)
0.5 0.83+0.29 56.22¢ 1.24+0.21 45.62¢ 1.09 £ 0.27 42.67¢
Control 2.97 £0.50 - 3.31+0.16 - 2.72+0.35 -
1.0 038 +0.13 80.64b 0.60+0.11 70.19b 0.73+0.17 64.62b
Control 3.53+0.55 - 3.41+0.16 - 3.40+0.28 -
2.0 0.20+0.02 88.90a 0.36 +0.06 81.02a 0.45+0.12 76.58a
Control 3.46 £0.83 - 3.43 £0.06 - 3.39+0.37 -

Data are presented as the means * SE.

cabbage leaves (Brassica oleracea). Six excised cabbage leaf discs
(® = 2.0 cm), soaked in solutions with different concentrations of
ginsenosides for 30 min (control discs received distilled water
only) then dried at room temperature. It was treated and control
discs were placed in each compartment of a plastic test tray. The
third instar larvae were starved for 8 h and gently introduced into
the center of each compartment. The amount of larvae was 20 per
treatment, and each experiment was repeated three times. The
area of feeding on the leaves was measured every 3 h using
squared grid paper. The selective antifeeding rate (%) formula
was [(C — T)/(C+T)] x 100, and the non-selective antifeeding rate
(%) formula was [(C — T)/C)] x 100, where C and T are the areas
consumed by the control and treated leaf disks, respectively. The
data were analyzed by variance analysis and means were com-
pared for significance by a Student-Newman-Keuls test at the 5%
level (P <.05) (Cohort Software Inc., 1985).

2.2. Repellent effect of ginsenosides on oviposition

When the seedlings reached the 6-8-leaf stage, ten potted cab-
bage plants were sprayed with the 0.5% concentration of ginseno-
sides 20 mL, while ten control pots were sprayed with 20 mL
distilled water, then they were placed in three large outdoor cages
(70 cm x 55 cm x 60 cm) made of aluminium bracket and woven
nylon mesh (1.5 mm mesh). The cages were directly placed in a
glass greenhouse and a bunch of cotton soaked in 10% honey aque-
ous solution were placed at the centre of each cage. Five gravid
cabbage moth females that had been ovipositing for 24 h and five
males were put into each cage. The males were introduced to make
the experimental environment as far as possible to natural envi-
ronment. The quantity of eggs on the cabbages was recorded after
24 h treatment. The oviposition rate was calculated by the
formula:

Oviposition deterrence rate = (C —T)/C) x 100

(C: The number of eggs on the untreated cabbage leaf, T: The num-
ber of eggs on the ginsenosides treated cabbage leaf). Each experi-
ment was repeated 3 times.

2.3. Statistical analysis

All the results from experimental replicates were expressed as
the means (+S.E.M.) and analyzed by one-way analysis of variance
(ANOVA) and t-test using SPSS 17.0 for Windows software.

3. Results

In the present study, the total ginsenosides had nonselective
antifeedant activity against P. rapae at various concentrations and
the activity was statistically significant over control. The nonselec-
tive antifeeding ratios of third instar P. rapae at 3, 6 and 9 h are
shown in Table 1. Nonselective antifeedant activity and gin-
senoside concentration had a significantly correlation. As the total
ginsenoside concentration increased, the nonselective antifeeding
activity was enhanced. Total ginsenosides showed a strong antifee-
dant activity of 86.09% against P. rapae at 0.2% concentration and
the activity was statistically significant over control (Table 1).

The selective antifeeding ratios of the third instar P. rapae larvae
are shown in Table 2. The third instar P. rapae larvae preferred to
eat the leaves of the control; however, they did consume a small
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Fig. 1. The number of eggs on plants treated with ginsenoside or control on P. rapae.
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amount of the treated leaves. The total ginsenosides had significant
inhibitory effect on third instar P. rapae larvae, and this effect
increased with an increase in total ginsenoside concentration
decreased as the time prolonged. The total ginsenosides showed
a strong antifeedant activity of 88.90%, 81.02% and 76.58% against
P. rapae larvae at 2.0% concentration at 3 h, 6 h and 9 h, respec-
tively and the activities statistically significant over control.

The amount of eggs for ginsenoside-treated plants were signif-
icantly lower than the controls (Fig. 1). The total ginsenosides had
significant inhibitory effect on oviposition deterrence of P. rapae,
and this effect decreased as the time prolonged. The total ginseno-
sides showed a strong oviposition-deterring activity of 77.78% and
46.67% against oviposition of P. rapae at 1.0% concentration at 1 d
and 4 d, respectively and the activities statistically significant over
control.

4. Discussion

Secondary metabolites of plants play an important role in insect
defense against herbivores as growth regulators or by acting as
antifeedants (Isman, 2006). Our research results have shown that
the total ginsenosides had strong feeding deterrent effects against
third instar P. rapae larvae and inhibitory effect on oviposition
deterrence of P. rapae. The activities were concentration depen-
dent. Our results are consistent with those from previous studies
that triterpenoid saponins are repellent or deterrent to some insect
herbivores (Gao et al., 2011; Geyter et al., 2007). In conclusion, the
present results indicate that total ginsenosides possess potent anti-
feedant activities against P. rapae. Due to their strong feeding
deterrent properties ginsenosides could be used to protect plants
in the greenhouse or field. The ginsenosides might be considered
as major compounds for developing safe alternative plant protec-
tion agents. Further studies on pesticidal and toxicological effects
of ginsenosides are needed.
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