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The sweet potato weevil, Cylas formicarius (Fabricius) (Coleoptera: Brentidae), is a destructive insect 
pest that damages sweet potatoes both in the field and during storage. To identify new environmentally 
friendly insecticides to control this insect pest, three assays (olfactory test, anti-feeding assay, and 
toxicity assay) were conducted to evaluate the efficacy and mode of action of 10 botanical insecticides 
against C. formicarius adults in 2015 and 2016. Of these 10 botanical insecticides, tea saponin, 
pyrethrins, and veratrine showed significant repellency in olfactory tests. Eight botanical insecticides 
showed anti-feeding effects in the feeding choice test. Five botanical insecticides had high toxicity. 
Among them, the lethal concentrations of rotenone were lowest followed by pyrethrins. The lethal time 
values of rotenone were shortest followed by nicotine. In conclusion, rotenone, pyrethrins, nicotine, 
and toosendanin have the potential to control C. formicarius adults. Of these, pyrethrins and 
toosendanin are more environmentally friendly than rotenone and nicotine and were identified as better 
insecticides to control C. formicarius. 
 
Key words: Toxicity, repellency, anti-feeding, Coleoptera, Brentidae, environmentally friendly insecticides. 

 
 

INTRODUCTION 
 

The sweet potato weevil, Cylas formicarius (Fabricius) 
(Coleoptera: Brentidae), is an important insect pest of the 
sweet potato, Ipomoea batatas (L.) Poir.. C. formicarius 
attacks sweet potatoes both in the field and during 
storage, thus causing significant damage and yield losses 
between 3 and 80% (Kandori et al., 2006). Adult C. 
formicarius  damage   the   vines,   crowns,  petioles,  and  
 

storage roots of sweet potatoes, and the females lay their 
eggs under the epidermis of older portions of vines and 
storage roots. The larvae then dug tunnels into the vines 
and storage roots, into which they excrete feces (Reddy 
et al., 2014). Feeding injuries disrupt the translocation of 
water and nutrients in plants and induce storage roots to 
produce  terpenoids   and   phenolic   compounds,  which  
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causes storage roots to develop a bitter taste, and 
unpleasant smell, ultimately making them inedible 
(Akazawa and Uritani, 1960). 

Traditionally, chemical insecticides are employed to 
control C. formicarius (Zhang et al., 2013; Wang et al., 
2018). However, the concealed feeding habits of the 
weevil decreased the effectiveness of chemical 
insecticides. The improper use of chemical pesticides 
also causes “3R” problems (Resistance, resurgence, and 
residue). Although at present, resistance to a specific 
insecticide by weevils has not been reported, many other 
pests, including Euschistus heros, Laodelphax striatellus, 
and Frankliniella occidentalis, have reportedly developed 
resistance to insecticides used to control weevils 
(Castellanos et al., 2019; Zhang et al., 2019; Wang et al., 
2012). The difficulties in controlling C. formicarius by 
chemical insecticides may be partly because insecticides 
tend to induce insect resistance. Sexual attractants, such 
as (Z)-3-dodecen-1-YL (E)-2-butenoate (Dilipkumar et al., 
2019; Reddy et al., 2012; Smit et al., 2001) and microbial 
pesticides, such as Beauveria bassiana and Metarhizium 
brunneum (Reddy et al., 2014), and nematodes (Mannion 
and Jansson, 1992), also exert a controlling effect on C. 
formicarius populations and have been evaluated as 
alternatives for chemical insecticides (Yu et al., 2010). 
However, they work slowly and cannot prevent damage 
in time (Dotaona et al., 2017). 

Botanical insecticides are typically extracted from 
poisonous plants. Their active ingredients are the 
secondary metabolites produced by the plant secondary 
metabolic pathway. These can effectively control a wide 
range of insect pests, including Spodoptera littoralis 
(Brem et al., 2002), Xanthogaleruca luteola, Ostrinia 
nubilalis (Jaoko et al., 2020), and Coptotermes 
formosanus (Mao and Henderson, 2007). Botanical 
insecticides quickly affect pests, degrade rapidly, are 
environmentally friendly and target-specific (Singh and 
Kaur, 2018; Kamaraj et al., 2018). They are considered 
as better alternatives to chemical insecticides. 

Although a number of secondary metabolites that were 
named botanical pesticides have shown a controlling 
effect on Cylas spp. (Leng and Reddy, 2012; McNeil et 
al., 2012; Junor et al., 2008; Williams et al., 2003; Nta et 
al., 2018; Pan et al., 2019), their efficacy and mode of 
action have not been compared. Therefore the botanical 
insecticide best for controlling C. formicarius cannot be 
determined. 

In this study, the efficacy and mode of action of 10 
botanical insecticides with high insecticidal effect and 
wide insecticidal range against C. formicarius adults were 
evaluated. These insecticides were 25% pyrethrins, 50% 
rotenone, 6% celangulin, 1% stemonine, 98% matrine, 
99% nicotine, 70% cnidium lactone, 1% veratrine, 98% 
tea saponin, and 2% toosendanin. The findings of this 
study provide basic data for the development of a 
powerful botanical  insecticide  to  control  C.  formicarius. 

 
 
 
 
MATERIALS AND METHODS 
 
Insects, host plant material and botanical insecticides 
 
Damaged sweet potato storage roots, containing C. formicarius 
larvae and pupae, were collected from Guangxi University Farm 
(Nanning, China) in December 2014 and were placed in netting 
bags (30 cm × 60 cm; mesh diameter 0.25 mm). Then, they were 
transferred to an insect rearing room at the College of Agriculture 
and were raised at 24 ± 2°C, 70-80% relative humidity, and a 
photoperiod of 14:10 h (L:D). When adult weevils appeared, 
additional sweet potatoes were added to the netting bags to enable 
reproduction and subsequent larval development. The second-
generation adult weevils (5-8 days after emergence) were collected 
for experiments. The sweet potato variety „Jidanhuang‟ was used in 
the experiment. The storage roots of sweet potatoes were washed 
with tap water to feed weevils. The washed storage roots were cut 
into strips (2 cm × 3 cm × 7 cm) for bioassay. 

The following ten botanical insecticides were purchased from 
Shaanxi Angsheng Biomedical Technology Co. (Xi‟an, China): 
pyrethrins (25%, from Tanacetum cinerariifolium), rotenone (50%, 
from Derris trifoliata), celangulin (6%, from Celastrus angulatus), 
stemonine (1%, from Stemona japonica), matrine (98%, from 
Sophora flavescens), nicotine (99%, from Nicotiana tabacum), 
cnidium lactone (70%, from Cnidium monnier), veratrine (1%, from 
Veratrum nigrum), toosendanin (2%, from Melia azedarach), and 
tea saponin (98%, from Camellia sinensis). High-performance liquid 
chromatography was used to determine the content of active 
ingredients of these botanical insecticides. 
 
 
Olfactory test 
 
A Y-tube olfactometer was used for olfactory tests to determine the 
repellency effect of different botanical insecticides on C. formicarius 
adults. The two arms of the Y-tube olfactometer (two arms and one 
stem, 15 cm in length, each at a 120° angle, and with an inner 
diameter of 2.0 cm) were connected to odor bottles. One of the 
odor bottles contained the botanical insecticide. An air pump 
(VLC6503-24V with a speed governor TAA02-24V, Chengdu Qihai 
Electromechanical Manufacturing Co. LTD, Chengdu, China) was 
connected to the stem of the Y-tube, and was used to draw 
charcoal-purified clean air from the odor bottle to the Y-tube. Airflow 
through each of the Y-tube arms was set to 200 ml·min

-1
 (combined 

flow 400 ml·min
-1

) (Yan and Wang, 2006). All olfactory tests were 
undertaken in complete darkness (the olfactometer was covered 
with a black cloth). 

One of the botanical insecticides (0.1 g) was added into one of 
the odor bottles. The other odor bottle was left empty and was used 
as control. Groups of 10 adult weevils that were starved for 3-4 h 
were introduced into the Y-tube via the entrance of the stem. The 
air pump was activated and continued to pump for 5 min. After 5 
min, the number of adult weevils in each arm was recorded. 
Weevils that did not enter any arm were not included in the 
analysis. Each weevil was tested only once and then discarded. 
When each botanical insecticide had been tested, the olfactometer 
was cleaned with neutral soap and 99% acetone and dried in an 
oven (60°C) for at least 2 h. Six replicates were applied for each 
insecticide. 
 
 

Antifeedant assay 
 
The two-choice test was used to determine the antifeedant activity 
of each botanical insecticide. The active ingredients of the botanical 
insecticides were  prepared  into  four  concentrations  (0.25, 0.5, 1,  

http://apps.webofknowledge.com/OutboundService.do?SID=6AuErY8PbAZOaFnzDvR&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=6870998


 

 

Ren et al.             1533 
 
 
 
and 2 g·L

-1
) with deionized water + Tween 80 (0.5%). Sweet potato 

strips that had been used for the bioassay were completely 
immersed in one of the prepared dilutions of the botanical 
insecticides for 5 to 8 s as treatments or were immersed in 
deionized water + Tween 80 (0.5%) for 5-8 s as control. All 
treatments and control strips were removed and air-dried for 30 min 
with a fan at 24 ± 2°C. Then, one treatment strip and one control 
strip were transferred into both ends of a horizontal transparent 
plastic cylinder (60 cm in length and 18 cm in diameter). Ten adult 
weevils, starved for 3-4 h, were introduced into the middle of the 
cylinder, and the number of feeding holes on both treatment and 
control sweet potato strips were recorded after 24 h. Five replicates 
were applied for each treatment. 
 
 
Toxicity assay 
 
The no-choice test was used to determine the toxicity of each 
botanical insecticide. During the first round of tests, the active 
ingredient of the botanical insecticides was prepared into four 
concentrations (0.25, 0.5, 1, and 2 g·L

-1
) with deionized water + 

Tween 80 (0.5%). Sweet potato strips were treated with the same 
method as for the antifeedant assays. The treated sweet potato 
strips were transferred into treated glass bottles (12 cm in height 
and 12 cm in diameter). The inner wall of these glass bottles was 
treated with the same diluted botanical insecticides and then air-
dried. Each bottle contained one sweet potato strip, and the bottles 
were covered with a piece of netting cloth (16 cm × 16 cm). Control 
sweet potato strips were transferred into control glass bottles (the 
inner walls of which were treated with deionized water + Tween 80 
(0.5%) and air-dried). Twenty adult weevils, which were starved for 
3-4 h, were introduced into each bottle. The number of dead 
weevils in each bottle was recorded after 24 and 72 h. Three 
replicates were applied for each concentration of each botanical 
insecticide. 

According to the results of the first round of tests, insecticides with 
high toxicity were chosen. Different concentrations of active 
ingredients were prepared to identify the concentration range that 
induced a mortality rate between zero and 100%. These included 
25% pyrethrins, 50% rotenone, 2% toosendanin, 99% nicotine, and 
6% celangulin. The used experimental method was the same as 
that of the first round of tests. After 24 and 72 h of treatment, the 
number of surviving weevils in each bottle was recorded. Three 
replicates were applied for each concentration of each botanical 
insecticide. Then, five insecticides were prepared at a single 
concentration, and the number of surviving weevils was recorded 
every 2 days after treatment. This identified the time range that 
induced a mortality rate between zero and 100%. The method was 
the same as the first round of tests. Three replicates were applied 
for each botanical insecticide. All bioassays were performed in a 
bioassay laboratory at 24 ± 2°C, 70-80% relative humidity, and a 
photoperiod of 14:10 h (L:D). 

 
 
Statistical analysis 

 
The repellency rate was calculated using the following equation: 
 

100
TC

TC
=）%（Repellency 




rate  

 
where T represents the number of C. formicarius adults in the Y-
tube treatment arm, and C represents the number of C. formicarius 
adults in the control arm. Independent  sample  t-test  was  used  to 

analyze the significance between the number of C. formicarius 
adults in the treatment arm and that in the control arm. 

The antifeedant rate was calculated in the same way as the 
repellency rate. However, here, T represents the number of feeding 
holes of C. formicarius adults on the treated sweet potato strip, and 
C represents the number of feeding holes on the control sweet 
potato strip. Independent sample t-test was used to analyze the 
differences between the feeding holes of C. formicarius adults on 
the treatment strip and the feeding holes on the control strip. 
Tukey‟s multiple comparison test was used to assess the 
differences in antifeedant rates of different botanical insecticides 
and different concentrations. Results with p < 0.05 were considered 
significant. The adjusted mortality for the toxicity assay was 
calculated using Abbott's formula (Fleming and Retnakaran, 1985) 
as follows: 
 

100
C

T-C
）%（ mortality Adjusted   

 
where T represents the number of surviving adults in treatment 
bottles and C represents the number of surviving adults in control 
bottles. Tukey‟s multiple comparison test was used to evaluate 
differences in the adjusted mortality rate between different botanical 
insecticides. The adjusted mortalities were arcsine-transformed 
prior to ANOVA. 

Concentration–mortality data and time–mortality data were 
subjected to probit analysis to identify the lethal concentrations that 
cause 50 and 90% mortality (LC50 and LC90), the time required to 
cause 50 and 90% mortality (LT50 and LT90), their 95% fiducial 
limits, and chi-square values. The data were analyzed using SPSS 
version 22.0 (IBM Corp., Armonk, NY, USA) for Windows 10. 

 
 

RESULTS AND DISCUSSION 
 
According to the olfactory test, tea saponin (T = 5.477, df 
= 10, p < 0.0001), pyrethrins (T = 4.635, df = 10, p = 
0.001), and veratrine (T = 2.997, df = 10, p = 0.013) 
exhibited a significant repellency effect against weevils. 
Cnidium lactone (T = 2.236, df = 10, p = 0.089) and 
celangulin (T = 0.649, df = 10, p = 0.552) had a 
repellency effect, but they did not exhibit a significant 
difference compared with control. Toosendanin, matrine, 
stemonine, nicotine, and rotenone had no repellency 
effect. The repellence effects of different botanical 
insecticides were significantly different (F = 3.153, df = 9, 
50, p = 0.004) (Figure 1). The results of the olfactory test 
showed that the olfactory organ of the weevil plays a role 
in insecticide recognition. Moreover, the protective effect 
of several botanical insecticides on plants may be partly 
associated with the odor of the insecticides. 

In the antifeedant assay of the 10 tested botanical 
insecticides, pyrethrins exhibited the strongest 
antifeedant activity, which was followed by toosendanin. 
Veratrine, stemonine, matrine, rotenone, tea saponin, 
and nicotine also exhibited antifeedant activity, but only at 
high concentrations. Cnidium lactone and celangulin had 
no antifeedant activity (Table 1). These results showed 
that antifeedant activity was very common in the tested 
botanical insecticides. 
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Figure 1. Repellence effect of the botanical insecticides on C. formicarius adults in two-choice tests. * represents 
significant difference between the number of C. formicarius adults in the treatment arm and the control arm at the 
5% level according to t-test; ** represents the 1% level. Error bars indicate SE. The right bar plots indicate the 
percentage of no choice in each test and the total number of tested C. formicarius adults is shown on these bars. 
The repellence rate (between the two bars), followed by the different lowercased letters, indicate significant 
differences among different botanical insecticides at the 5% level, according to Tukey‟s multiple comparison test. 

 
 
 
In the toxicity assay of these 10 botanical insecticides, 
five botanical insecticides showed high toxicity and 
rotenone exhibited the highest toxicity. At 72 h after 
treatment, the adjusted mortality of rotenone at 
concentrations of 1 and 2 g·L

-1
 reached 100%. Pyrethrins 

showed the second-highest toxicity with an adjusted 
mortality of 78.33% at a concentration of 2 g·L

-1
. 

Toosendanin and celangulin showed moderate toxicity. 
Cnidium lactone, matrine, tea saponin, and stemonine 
showed weak toxicity. The adjusted mortality was only 
3.33-8.33% at 2 g·L

-1
 after 72 h (Figure 2). Different 

lowercased letters above the bar indicate significant 
differences in different botanical insecticides according to 
one-way ANOVA (p < 0.05). 

Concentration–mortality probit analysis was performed 
on five botanical insecticides with high mortality. The 
results showed that rotenone had the highest toxicity. 
The LC50 values of rotenone were 0.016 and <0.001 g·L

-1
 

at 24 and 72 h after treatment, respectively, which was 
followed by pyrethrins  and toosendanin. The  LC50  value 

of celangulin exceeded the concentration of the raw 
insecticide 24 h after treatment. The LC90 values of 
rotenone were 0.068 and 0.006 g·L

-1
 after 24 and 72 h, 

respectively, which was followed by pyrethrins and 
nicotine. The LC90 values of azadirachtin and celangulin 
exceeded the concentration of their raw pesticides (Table 
2). Time-mortality probit analyses showed that the LT50 
value of rotenone was shortest, followed by that of 
nicotine, while that of celangulin was the longest. The 
LT90 value of rotenone was the shortest, followed by 
nicotine. The LT90 value of celangulin exceeded 50 days 
(Table 3). 

According to the results, rotenone showed no repelling 
activity, a certain degree of antifeedant activity, but the 
strongest toxicity. At the same time, a preliminary 
experiment showed its moderate fumigation activity (the 
fumigation mortality rate of 0.1 g of raw insecticide after 
24 h of treatment was 66.67%, unpublished data). 
Several studies demonstrated the high toxicity of 
rotenone for pests, mites, and nematodes (Li et al., 2017;  
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Table 1. Antifeedant activity of the botanical insecticides against C. formicarius adults in two-choice tests at different concentrations after 24 
h of treatment. 
 

Botanical insecticide 
Anti-feeding rate at different concentrations (%) 

0.25 (g·L
-1

) 0.50 (g·L
-1

) 1.00 (g·L
-1

) 2.00 (g·L
-1

) 

Veratrine 23.77 ± 5.52
aB

 38.41 ± 0.75
aAB

 49.40 ± 3.50
aAB

* 59.43 ± 6.50
aAB

* 

Pyrethrins 86.47 ± 6.85
aA

* 90.38 ± 8.00
aA

* 95.78 ± 2.52
aA

* 97.92 ± 2.08
aA

* 

Toosendanin 19.33 ± 0.92
aB

 46.94 ± 9.31
abAB

 64.92 ± 10.87
abAB

* 97.87 ± 2.13
bA

* 

Cnidium lactone 27.84 ± 2.55
aB

 12.15 ± 1.21
aABC

 -5.61 ± 3.24
aB

 -0.51 ± 2.05
aB

 

Matrine 3.03 ± 0.50
aBC

 3.39 ± 0.66
aBC

 27.31 ± 14.53
aAB

* 33.90 ± 6.61
aAB

* 

Stemonine -15.06 ± 5.88
aBC

 15.70 ± 6.15
abABC

 46.48 ± 2.74
abAB

* 69.23 ± 1.58
bAB

* 

Rotenone 3.21 ± 4.83
aBC

 8.38 ± 7.10
aBC

 9.57 ± 1.03
aAB

 35.37 ± 3.35
aAB

* 

Nicotine -54.02 ± 8.29
aC

 -51.65 ± 23.33
abC

 9.40 ± 1.90
bAB

 39.93 ± 7.31
bAB

* 

Celangulin -25.06 ± 3.41
aBC

 -13.00 ± 3.11
aBC

 12.31 ± 3.59
aAB

 -14.49 ± 4.63
aB

 

Tea saponin 4.18 ± 0.73
aBC

 10.10 ±1.48
abBC

 19.35 ± 2.23
bAB

* 35.76 ± 3.65
cAB

* 
 

Means within a row, followed by the same lowercase letter(s), do not differ significantly at the 5% level according to Tukey‟s multiple comparison test. 
Means within a column, followed by the same uppercase letter(s), do not differ significantly at the level of 5% according to Tukey‟s multiple 
comparison test. * represents significant differences between the number of feeding holes of C. formicarius adults on treatment sweet potato strips 
and the number of feeding holes on control strips at the 5% level (according to t-test). 

 
 
 
Wen et al., 2016) as well as moderate antifeedant activity 
(Hu et al., 2005). However, the results of others suggest 
that rotenone can induce Parkinson‟s disease in humans 
(Bu et al., 2019; Bandookwala et al., 2019). Nicotine also 
had no repellence activity, but exhibited moderate 
antifeedant activity (Rimal and Lee, 2019), high 
insecticidal activity (Wang et al., 2016), and moderate 
fumigation activity (the fumigation mortality rate of 0.1 g 
of raw insecticide after 24 h was 63.89%, unpublished 
data). However, this botanical insecticide is quickly 
absorbed into the mammalian bloodstream. From the 
bloodstream, it is easily transferred to breast milk, 
causing emphysema, heart rate variability, and 
histopathological changes in the lung and liver of suckling 
infants (Kobayashi et al., 2020). Consequently, the 
application of rotenone and nicotine as insecticides for 
the control of C. formicarius has potential ecological risks 
(Walia et al., 2017). 

Pyrethrins showed a moderate repellence activity 
(repellence rate 44.83%), the strongest antifeedant 
activity (antifeedant rate 97.92% at a concentration of 2 
g·L

-1
), and high toxicity (adjusted mortality rate 78.33% 

after 72 h of treatment at a concentration of 2 g·L
-1

). 
Furthermore, pyrethrins had a high fumigation activity 
(the mortality rate in response to 0.1 g of raw insecticide 
was 91.67% after 24 h of treatment, unpublished data). 
The strong antifeedant activity and high toxicity of 
pyrethrins have been confirmed before (Prota et al., 
2014; Paramesha et al., 2018). Moreover, it has been 
shown that pyrethrin has no significant negative impact 
on non-target organisms (Papanikolaou et al., 2018). 
Toosendanin had no repellence activity, but strong 
antifeedant activity with an anti-feeding rate of  97.87% at 

a concentration of 2 g·L
-1

 (Jaoko et al., 2020) and 
moderate toxicity (with an adjusted mortality rate of 
56.67% after 72 h of treatment at a concentration of 2 
g·L

-1
) (Ma et al., 2013). The preliminary experiment also 

identified its high fumigation activity (the mortality rate of 
0.1 g of raw insecticide was 92.0% after 24 h of 
treatment, unpublished data). Toosendanin is an 
environmentally safe insecticide (Zhang et al., 2007). 
Therefore, pyrethrins and toosendanin were considered 
the best environmentally friendly bioinsecticides of all 
tested insecticides for the control of C. formicarius. 

Veratrine is an activator of sodium channels in saliva, 
and induces vomiting (Andrews et al., 1998). The 
antifeedant activity of veratrine against weevils as 
identified by this study (antifeedant rate 59.43% at 2 g·L

-

1
) and against Helicoverpa armigera as reported by Tian 

et al. (2018) may be related to its emesis-inducing 
property. Veratrine also showed moderate repellence 
activity (repellence rate of 30.43%) and weak toxicity 
(adjusted mortality rate of 20% at 2 g·L

-1
). Moreover, 

veratrine exhibited strong fumigation activity (the 
fumigation mortality of 0.1 g of the raw insecticide was 
96.77% at 24 h after treatment, unpublished data), 
indicating good application prospect for the protection of 
stored roots indoors. 

Stemonine (Brem et al., 2002) and matrine (Mao and 
Henderson, 2007) exert an antifeedant effect and have 
weak toxicity for weevils, but showed no repellence and 
fumigation effect. Celangulin did not show repellence and 
antifeedant effects at all. However, it exhibited a weak 
fumigation effect and had moderate toxicity, which is 
lower than that of pyrethrin and azadirachtin, and its 
control speed is also relatively slow  (Zhang  et al., 2011).  

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=6Buezu61yEjcBqLkqsg&field=AU&value=Kobayashi,%20Ken
https://www.sciencedirect.com/science/article/pii/S0887233319307878?via%3Dihub#bb0165
https://www.sciencedirect.com/science/article/pii/S0887233319307878?via%3Dihub#bb0165
https://link.springer.com/article/10.1007%2Fs11101-017-9512-6#auth-1
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Figure 2. Toxicity effect of botanical insecticides against C. formicarius adults in no-choice tests. 
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8.33% at 2 g·L-1 after 72 h (Fig. 2). 
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8.33% at 2 g·L-1 after 72 h (Fig. 2). 
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Table 2. Concentration–mortality probit analysis of five botanical insecticides against C. formicarius adults, at 24 and 72 h after treatment in no-choice tests. 
 

Botanical insecticide Hours after treatment N Slope ± SE LC50 (g·L
-1

) (95% CI) LC90 (g·L
-1

) (95% CI) X
2
 Df P 

Pyrethrins 
24 240 1.220 ± 0.332 1.646 (0.775-16.659) 18.469 (3.896–+∞) 0.525 2 0.769 

72 240 1.635 ± 0.336 0.648 (0.435–1.481) 3.938 (1.653–28.934) 0.020 2 0.990 

         

Toosendanin 
24 240 0.568 ± 0.275 2.874 (0.324–+∞) - 0.375 2 0.829 

72 300 0.526 ± 0.191 0.950 (0.240–+∞) - 0.217 3 0.975 

         

Nicotine 
24 300 0.834 ± 0.191 11.952 (6.395–50.915) 411.210 (79.625–+∞) 2.341 3 0.505 

72 300 1.522 ± 0.227 3.887 (2.947–5.485) 27.032 (15.214–73.780) 3.781 3 0.286 

         

Celangulin 
24 300 0.458 ± 0.276 - - 0.160 3 0.984 

72 240 0.686 ± 0.220 3.166 (0.832–+∞) - 0.868 2 0.648 

         

Rotenone 
24 300 2.007 ± 0.228 0.016 (0.013–0.019) 0.068 (0.052-0.100) 1.612 3 0.657 

72 300 0.869 ± 0.395 <0.001 (0-0.002) 0.006 (0-0.012) 0.715 3 0.870 
 

LC50 = concentration that was lethal for 50% of the weevil population; LC90 = concentration that was lethal for 90% of the weevil population. The Em dash (-) indicates that LC50 or LC90 values 
were beyond the maximum concentration range for botanical insecticides. X

2
 = Pearson‟s chi-square goodness-of-fit test. 

 
 
 

Table 3. Time–mortality probit analysis of the botanical insecticides against C. formicarius adults in no-choice tests. 
 

Botanical 
insecticide 

Concentration of active 
ingredient (g·L

-1
) 

N Slope ± SE LT50 (day) LT90 (day) X
2
 df P 

Pyrethrins 0.5 60 1.656 ± 0.301 5.810 (4.541–8.480) 34.509 (18.547–122.877) 2.715 2 0.257 

Toosendanin 1 60 1.449 ± 0.278 4.192 (3.220–5.836) 32.103 (16.719–128.916) 3.391 2 0.184 

Nicotine 4 60 1.125 ± 0.263 1.614 (0.799–2.319) 22.233 (11.228–125.668) 0.139 2 0.933 

Celangulin 4 60 1.523 ± 0.311 7.261 (5.391–12.570) 50.426 (23.246–294.920) 0.091 2 0.956 

Rotenone 0.004 60 4.564 ± 0.564 1.344 (1.155–1.544) 2.566 (2.175–3.241) 0.451 2 0.798 
 

LT50 = time that was lethal for 50% of the weevil population; LT90 = time that was lethal for 90% of the weevil population. 
X

2
 = Pearson‟s chi-square goodness-of-fit test. 

 

 
 

Several studies have investigated the insecticidal 
activity of tea saponin (Lin et al., 2018; Rizwan-Ul-
Hao et al., 2009; Zhu et al., 2019). In  the  present 

study, tea saponin had the strongest repellence 
and moderate antifeedant activity, but its acute 
toxicity is insufficient to control weevil in   time.  At 

the same time, tea saponin is also an exploitable 
surfactant (Zhu et al., 2019), which can be added 
to   an   insecticide   formulation   to   work   as   a 
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surfactant, repellent, and antifeedant. 
 
 
Conclusions 
 
The results of olfactory tests showed that tea saponin, 
pyrethrins, and veratrine had significant repellence 
effects against weevils. Antifeedant assay showed that 
pyrethrins and toosendanin had strong antifeedant 
activity. Toxicity assay showed that five botanical 
insecticides had high toxicity. Rotenone had the highest 
toxicity with the lowest LC50 values and LC90 values, 
followed by pyrethrins, toosendanin and nicotine. Time–
mortality probit analysis showed that the LT50 value and 
the LT90 value of rotenone were shortest followed by 
nicotine. 

Rotenone showed no repellence activity, a certain 
degree of antifeedant activity, and the strongest toxicity 
activity. Preliminary experiments indicated its moderate 
fumigation activity. Nicotine showed no repellence 
activity, but exhibited a moderate antifeedant activity, 
toxicity activity, and fumigation activity. However, 
application of rotenone and nicotine as insecticides for 
the control of C. formicarius induces potential ecological 
risks. Pyrethrins showed a moderate repellence activity, 
the strongest antifeedant activity, and high toxicity. 
Furthermore, its high fumigation activity was high. 
Toosendanin showed no repellence activity, but strong 
antifeedant activity and moderate toxicity. A preliminary 
experiment also identified its high fumigation activity. 
Neither of the two botanical insecticides had significant 
negative impact on non-target organisms. Therefore, 
pyrethrins and toosendanin can be considered the best 
environmentally friendly bioinsecticides for the control of 
C. formicarius. Veratrine showed strong fumigation 
activity and moderate anti-feeding activity, indicating its 
application prospect for the protection of roots stored 
indoors. Although tea saponin is less toxic to weevils, it 
had the strongest repellent ability, moderate anti-feeding 
activity and good surfactant activity, suggesting its merit 
as surfactant that can be added to insecticide 
preparations. 
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