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Abstract  The demographical traits and damage from two pest insects (Asbecesta cyanipennis and Lamprocopa 
occidentalis) feeding on the bottle gourd (Lagenaria siceraria) were assessed on farm in Manfla (Center Ivory 
Coast). Two accessions (tolerant and susceptible) were observed in monoculture and in intercropping, during the 
first cropping season of 2018. The insect main development stages, the extent of plant organ attacks, and yield 
components of the cucurbit were assessed. Results indicated that L. occidentalis accomplishes its life cycle on bottle 
gourd, suggesting that the insect satisfies both its reproductive and food needs on this plant. A. cyanipennis whose 
eggs and larvae have not been observed on bottle gourd, appeared as an opportunistic herbivorous on this plant. Both 
insects feed on all parts of the bottle gourd (leaf, flower, and fruit), with up to 50% damaged leaves, depending on 
accession type, plant growth stage, and cropping system. Foliar damage caused by the studied insects was greater on 
the susceptible accession, particularly at the tendril stage and in monoculture. The control of L. occidentalis is thus a 
challenge for sustainable protection of bottle gourd against pest insects. To address this challenge, intercropping 
could give satisfactory results in terms of leaf damage reduction and yield gain. 
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1. Introduction 

Food security in Sub-Saharan countries depends on the 
development and promotion of local food crops. In West 
Africa, oilseed cucurbits are among the most indigenous 
locally utilized plants, commonly called minor crops. The 
agronomical, food, pharmacological and economic 
importance of these crops demonstrate their interest for 
rural people [1-5]. However, the development of their 
cropping systems is still constrained by several production 
factors, among which phytosanitary problems are challenges 
in terms of yield losses. Pest insects are among the most 
damaging enemies of cultivated cucurbits [6-9]. They 
attack all parts of the plant [10] and can also transmit 
viruses, induce the attack of plants by other harmful 
organisms, often resulting in significant yield losses. 

From the cucurbit species occurring in Africa, 
Lagenaria siceraria (Molina) Standley, commonly called 
bottle gourd, is one of the most important in terms of food 
and pharmaceutical values. Indeed, this species has a good 

yield potential, because it produces large fruits containing 
several seeds [11], compared to the other minor cucurbit 
landraces. In addition, according to Loukou et al. [2] the 
kernels of this species have high contents of lipids  
(56.67% ± 4.90) and proteins (29.83% ± 1.74). Increasing 
number of studies highlight the effectiveness of extracts 
from L. siceraria in the treatment of several human 
diseases [3,4,12]. 

It is therefore important to develop bottle gourd pest 
insects effective control strategies at reasonable costs to 
prevent yield losses, while considering the interests of 
farmers and the environment [13,14]. To develop an 
effective pest control strategy, a comprehensible study 
aimed at their biology, ecology, damage, and various 
interactions with host plants is a prerequisite [15,16,17]. 
Studies carried out in Ivory Coast [18,19] identified two 
major pest insects of bottle gourd: Asbecesta cyanipennis 
(Weise) and Lamprocopa occidentalis (Harold). However, 
the biology, ecology, and population dynamics of  
these insects on L. siceraria in their natural area are 
insufficiently known. For example, it is not known if these 
insects are strictly dependent on the bottle gourd, or they 
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attack the plant by opportunistic herbivory. The response 
to such a question is useful to implement sustainable 
strategy to control these insects. The present study on the 
demography and feeding damages of the two insects was 
conducted as a part of a research program aimed at 
optimising a pest insects management technique to 
increase the yield of L. siceraria. 

2. Materials and Methods 

2.1. Study Site 
The experiment took place in Manfla, a village located 

between 7°00'N - 7°26' N and longitudes 6°00'W - 6°30'W, 
and 400 km North Abidjan (Ivory Coast). The rainfall 
distribution in Manfla is bimodal with a long rainy season 
from March to July and a short rainy season from September 
to November. In the ecological zone where Manfla is located, 
the rainy seasons are separated by a short dry period (July-
August) and a long dry season (December-February). 
Annual rainfall varies from 800 to 1400 mm with a long-
term mean of 1200 mm, the annual mean temperature 
arounding 27°C. The experiments were established in a 
sandy loam soil with pH= 6.45, sandy (57%), loam (36%), 
clay (7%), organic matter content (6%), N-NO3 (3.5 ppm), 
available P (24.4 ppm), 0.45 ppm of K, and 0-20 cm depth 
[20]. The vegetation is a woodland savanna. 

2.2. Biological Materials 
Two edible-seeded Lagenaria siceraria (Molina) 

Stadley accessions identified as resistant (NI42) and 
susceptible (NI76) by Anzara et al. [19] were used as 
plant materials. Genotypes analyzed in this study were 
obtained from four self-pollination cycles, resulting in 
sufficiently homogenous genetic resources. 

Two insect species, Asbecesta cyanipennis (Weise) and 
Lamprocopa occidentalis (Harold) were examined. Their 
choice was due to the level and extent of their nuisance on 
bottle gourd (L. siceraria) in the target village. The 
experiments were carried out under field conditions during 
the first cropping season of 2018, and sowings were done 
the first day of a significant fall of rain (06 June 2018). 
The two target pest insect species were examined in 
natural infestation conditions. 

2.3. Experimental Design 
Three plots of 20 m x 20 m (0.4 ha) each, distanced by 

at least 1 km were set up. A border of 50 m without any 
other cultivated crop was managed around each plot. One 
of the plots was sown with the two accessions (the tolerant 
NI42, and the susceptible NI76) in an intercropping 
system. On this plot, sowing of the two accessions was 
done in a regular lattice design, to compare variations in 
feeding damage and yield components on the rational 
basis. The second plot was sown only with the susceptible 
accession (NI76), while the third plot received only the 
tolerant accession (NI42). 

The seed samples were sown at 3 cm depth and a 
spacing of 3 m was arranged between and within rows. In 
each plot, sowing was done following 6 rows of 6 holes, 
resulting in 36 holes per plot. Four seeds per hole were 
sown directly and thinned out to one plant per hole at first 
tendril appearance stage. The plots were hoe weeded 
regularly to prevent interaction between plants, pest 
insects, and weed load. No insecticide treatment was 
applied to the plots. 

2.4. Data Collection and Statistical Analyses 
Carefully monitoring of individuals of each insect 

species was done on each plot. Each of the 36 plants on 
each plot were examined both for insect feeding damage 
and production. Eggs were searched both in the plots and 
in the surrounding area. The observations focused on the 
different stages of the development cycle, from egg to 
adult insect. The feeding and reproductive behaviors of 
the target insects were also examined. Variables 
characterizing the life cycle and the dynamics of insect 
populations were measured or observed at three 
phenological stages of the plant (seedling, tendril, fruit 
maturation). Observations and measurements made on 
insects concerned number of eggs, hatching rate, average 
duration of the different phases of life cycle, egg-laying 
niches, different activities (mating, feeding, and resting) 
and abundance of adults (number of individuals per plant). 

The type and extent of damage caused by each of the 
pest insects observed in this study are specific and can be 
easily differentiated, even in their absence. A. cyanipennis 
shreds the leaves while A. cyanipennis gnaws them 
entirely (Figure 1). 

 
Figure 1. Type of feeding damage caused by adult individuals of (A) Lamprocopa occidentalis and (B) Asbecesta cyanipennis 
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All plants in each plot were observed for feeding 
damage and the percent of leaf damaged was estimated. 
Thus, for each plant and each plot, the total number of 
leaves (nLt) and the number of leaves damaged by insects 
(nLD) were noted, allowing the calculation of the percentage 
of damaged leaves (PDL) using the following formula: 

 nLD x10
nLt

PDL =  

Five traits considered as yield components in cucurbits 
[21], and characterizing the plant, fruit, and seed were 
measured in this study. The measured traits were plant 
length (PL), number of fruits per plant (NF), seed weight 
per fruit (SW), and 100-seed weight (100-SW). The 
measurement approaches of the selected traits followed 
Koffi et al. [22]. 

Mean values and standard deviations were calculated 
for each parameter. Multivariate analysis of variance 
(MANOVA) which is appropriate for two-way mixed 
model was performed to check significant difference 
between damage level according to: i) accession, ii) 
cropping system, and iii) plant growth stage. ANOVA 
procedure of R Development Core Team [23] was used to 
identify parameters contributing to differences when 
MANOVA revealed significant difference for a factor. 
The LSD were used to identify differences among mean 
values (P < 0.05). 

3. Results 

3.1. Description of Pest Insect’s Live Cycles, 
Demography, and Feeding Damage 

3.1.1. Lamprocopa Occidentalis (Weise) 
Adult individuals of Lamprocopa occidentalis (Weise) 

mate on bottle gourd and females lay their eggs on the 
underside of leaves, usually at one end (Figure 2). The 

eggs are arranged in a grouped fashion, thus forming a 
cluster. A female can lay 30 to 60 eggs, pale yellow in 
color and ovoid or elongated in shape. After four to six 
days, their color changes to white, indicating that hatching 
is going to take place. 

The small larvae, very mobile, immediately attack the 
leaves, avoiding the primary and secondary veins. Their 
development takes about a month, during which time they 
undergo changes. The color of these larvae changes from 
bright yellow to pale yellow. Five rows of pairs of hairs 
appear along the body. Two rows of two pairs are on each 
side and one row is in the center. 

The adults reaching up to 9 mm, are grayish in color 
and shiny. They spend their entire life cycle on plants with 
feeding and reproduction as their main activities. Adults 
of this species are devastating to plants like their larvae. 
They completely or partially destroy the leaf. When they 
are in colonies, as shown in Figure 2 D, the entire leaf is 
destroyed. 

Individuals of all phases of the life cycle of  
L. occidentalis are observed on all organs of the bottle 
gourd, at all phenological stages of the plant. However, 
the seedling and fruiting stages are the most devastated by 
the pest insect. This insect pest is the most important 
destroyer of Lagenaria siceraria observed during this 
study. It damages leaves, flowers, and fruits. 

3.1.2. Asbecesta cyanipennis (Harold) 
Individuals of A. cyanipennis are small beetles usually 

measuring 3 to 6 mm length. Only adult individuals of this 
species have been observed on L. siceraria. They are often 
blue in color. The elytra are punctuated with blue or blue 
verging on green. The pronotum, head and ventral surface 
are yellowish-brown to orange in color. The eyes are black. 
The first segments of the antennae are reddish, the others 
blackish. The adults attack flowers, fruits, and leaves on 
which they make multiple small holes. This insect is more 
present on the seedlings on which the damage is the most 
important (Figure 3). 

 
Figure 2. Main stages in the live cycle of Lamprocopa occidentalis: A and B: clustered eggs; C: larvae; D: adult individuals 
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Figure 3. Adult individuals of Asbecesta cyanipennis feeding on leaves 
of the bottle gourd 

3.2. Pest Insect’s Demography Traits 
The number of adult individuals per plant of the two 

insect species studied varied significantly according to 
accession type (Table 1). The number of adult individuals 
were significantly higher on plants of the susceptible 
accession (NI76). The average number of eggs per plant 
did not vary significantly between the accessions. But 
whatever the accession, the number of eggs per plant of  
L. occidentalis was significantly higher than those of 
larvae and adults. No significant difference was observed 
between the mean numbers of larvae and adults of  
L. occidentalis, estimated on per plant basis. 

Multivariate analysis of variance (MANOVA) showed 
that accession type, cropping system, plant phenological 
stage, and their various interactions had significant effects 
on the demography traits of the two pest insect species 
studied (Table 2). Consequently, three-ways analysis  
of variance (ANOVA 3) was performed using each 
demography parameter and data from the triple interaction 
were considered for interpretations (Table 3). 

Table 1. Mean number of individuals of different live cycle stages in 
two pest insect species observed on plots sown with tolerant (NI42) 
and susceptible (NI76) accession of the bottle gourd 

Accession 
Lamprocopa occidentalis1 Asbecesta 

cyanipennis Egg Larvae Adult 
Tolerant 

NI42 13.58±14.01 4.92±6.24b 4.75±5.12b 1.5±1.74b 

Susceptible 
NI76 14.84±15.98 7.79±7.64a 6.39±6.42a 2.14±3.20a 

F 1.14 25.99 15.11 5.15 
P 0.286 <0.001 <0.001 <0.001 

1 For each species and live cycle stage, values followed by different letter 
in a colon are significantly different (P<0.05) using LSD. 

Table 2. Results of MANOVA related to demography traits of two 
pest insects analyzed according to accession type, cropping system, 
and plant phenological stages of the bottle gourd 

Factors and their interactions 
Statistical tests parameters 

Wilks's lambda F 
Accession (A) 18.17 <0.001 
Cropping system (B) 51.46 <0.001 
Plant phenological stage (C) 170.90 <0.001 
A x B 19.66 <0.001 
A x C 3.62 <0.001 
B x C 52.95 <0.001 
A x B x C 8.8 <0.001 

 
Results of the statistical tests presented in Table 3 show 

that the greatest spawning of L. occidentalis was observed 
on the susceptible accession (NI76), at the tendril stage 
and in monoculture. The larvae and adults of this species 
had significantly high numbers, regardless of the cropping 
system. However, the adults were abundant when the 
accessions were in intercropping. In the tolerant accession 
(NI42), adult individuals of A. cyanipennis (the life cycle 
stage observed in this study) were significantly higher on 
seedlings in monoculture, compared to intercropping. 
Overall, the statistical analyses showed that whatever the 
accession and the cropping system, A. cyanipennis was 
abundant at the seedling stage and L. occidentalis (larvae 
and adults) at the fruiting stage. 

Table 3. Interaction Effect of Accession, Cropping System, and Plant Growth Stage on Demography Traits of Two Pest Insects Feeding Leaves 
of the Bottle Gourd 

Accession Cropping system Growth stage 
Asbecesta cyanipennis1 

Lamprocopa occidentalis 
Egg Larvae Adult 

Tolerant NI42 

Monocrop 
Tendril 0.00±0.00d 0.00±0.00e 0.19±0.52f 3.69±1.75b 

Seedling 29.56±13.09b 3.97±4.55d 4.44±2.34f 0.69±0.98de 
Fruit maturation 20.61±7.91c 11.22±7.22b 9.44±2.26c 0.83±0.77cde 

Intercrop 
Tendril 0.00±0.00d 0.00±0.00e 0.33±0.59f 1.06±1.35cde 

Seedling 3.72±1.90d 3.44±1.98d 0.39±0.78e 0.5±1.2de 
Fruit maturation 18.17±4.15c 10.44±4.22c 13.89±2.25a 1.5±1.42cd 

Susceptible NI76 

Monocrop 
Tendril 0.00±0.00d 0.00±0.00e 0.25±0.55f 6.92±3.31a 

Seedling 36.58±11.87a 9.58±5.31c 8.06±2.77d 0.67±1.29de 
Fruit maturation 19.56±6.54c 16.28±6.31a 14.69±3.48a 0.75±1.57de 

Intercrop 
Tendril 0.00±0.00d 0.00±0.00e 0.11±0.47f 0.39±0.70e 

Seedling 0.67±1.03d 4.67±2.25d 0.39±0.85f 0.44±0.92de 
Fruit maturation 20.61±6.53c 13.72±2.87b 11.06±3.59b 1.72±1.13c 

Statistics 
 F 5.92 1.65 20.24 12.32 
 P <0.001 <0.001 <0.001 <0.001 

1 For each species and live cycle stage, values followed by different letter in a colon are significantly different (P<0.05) using LSD. 
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Table 4. Pest Insects Feeding Damage Effect on Leaves and Yield Components as Influenced by Accession, Cropping System, and Plant 
Growth Stage in the Bottle Gourd1 

Accession Cropping system Growth stage PDL (%)2 
Yield components 

PL NF SW (g) 100-SW (g) 

Tolerant NI42 

Monocrop  
Tendril  29.76±20.6de     

Seedling  18.52±16.95gh     
Fruit maturation 25.97±12.62def 11.53±2.51 4.1±1.38a 78.91±33.21a 24.54±3.93a 

Intercrop 
Tendril  13.77±3.65gh     

Seedling  20.89±5.01f     
Fruit maturation 34.06±9.75cd 10.34±1.71 2.42±0.91b 72.73±43.22b 21.19±5.42b 

Susceptible NI76 

Monocrop 
Tendril  50.40±19.46a     

Seedling  41.67±17.34bc     
Fruit maturation 38.47±13.75c 6.28±1.2 1.19±0.62c 34.61±18.24d 19.67±3.48bc 

Intercrop 
Tendril  10.39±3.54g     

Seedling  22.83±6.51ef     
Fruit maturation 48.55±11.03ab 5.90±1.32 0.89±0.57c 52.97±28.02c 18.94±3.98c 

Statistics 
 F 5.768 1.92 21.03 5.96 3.9 
 P <0.001 0.167 <0.001 <0.001 <0.001 

1 For each species and live cycle stage, values followed by different letter in a colon are significantly different (P<0.05) using LSD. 
2 PDL: percentage of damaged leaves; PL: plant length; NF: number of fruits per plant; SW: seed weight per fruit; 100-SW: 100-seed weigh. 

 
3.3. Influence of Pest Insects on Leave 

Damage and Yield Components 

3.3.1. Influence of Insect Feeding on Leaves 
The damage caused by pest insects on the leaves of 

bottle gourd, expressed in terms of percentage of damaged 
leaves (PDL), varied significantly (P < 0.001) according 
to accession, cropping system, plant growth stage, and 
their interactions. The triple interaction was therefore 
considered to interpret the results (Table 4). These results 
indicated that the leaves were more damaged in intercropping 
compared to monoculture. In this cropping system, the 
leaves of the susceptible accession NI76 suffered more 
damage. The cropping system therefore had a significant 
impact on the intensity of leave destruction. The presence 
of susceptible and tolerant accessions on the same plot 
was less beneficial for the tolerant accession in terms of 
the damage extent on leaves. Both accessions were more 
damaged by insects at the fruiting stage, but the damage 
intensity in the susceptible accession NI76 was significantly 
higher than that of the tolerant accession NI42. The results 
showed that overall, the fruiting stage was the most 
vulnerable, regardless of the cropping system applied. 

3.3.2. Influence of Pest Insects on Yield Components 
The results in Table 4 indicate that plant length did not 

vary significatively between treatments. However, the 
tolerant accession NI42 presented the greatest number of 
fruits, with heavier seeds whatever de cropping system 
implemented. Nevertheless, the highest values were observed 
in monoculture. In the susceptible accession NI76, the best 
values were rather observed in intercropping. Thus, the 
tolerant accession showed good productivity when 
produced in monoculture, unlike the sensitive accession. 

4. Discussion 

Appropriate management of crop production factors 
ensures yield sustainability [24,25]. Sustainable management 
of pest insects in oilseed cucurbits, especially by 

smallholders, is a real challenge [19,26,27,28]. Several 
investigations on innovative strategies for sustainable 
protection of cucurbits against pest insects are being 
carried out [9,29,30], but the consolidation of the results 
requires a deep knowledge of biology, demography, and 
population dynamics [31,32]. 

This study showed that L. occidentalis accomplishes the 
main stages of its live cycle on the bottle gourd and stays 
there all day. Adja et al. [18] had also observed this insect 
species on two cucurbit species including the bottle gourd 
(Lagenaria siceraria and Citrullus lanatus), during three 
consecutive cropping seasons. 

A female of this insect lays 30-60 eggs, which give 
numerous larvae. The resulting larvae and adult 
individuals colonize all plants, averaging 5-6 individuals 
per plant. Results indicated also that this insect species 
had not preference between accession types for egg laying, 
because similar numbers were observed on both tolerant 
and susceptible accessions. On the other hand, the 
numbers of larvae and adults were significantly higher on 
the susceptible accession. This behavior is a survival 
instinct because it provides better chances for the 
development of individuals. Jenkins et al. [33] observed in 
cotton that Alabama argillacea (Hübner) moths preferred 
to oviposit on glandless lines, but the resulting larval 
feeding caused considerably more damage to all glandless 
than to glanded lines. Larvae and adult individuals on L. 
occidentalis fed on leaves with similar rates. Altermatt 
and Pearse [34] showed that despite nutritional differences 
between plant tissue and nectar, there are similarities 
between adult and larval feeding in Lepidoptera. 

From the examination of 36 plants per plot i.e., a total 
of 108 plants during the entire cropping season, we did not 
observe any eggs or larvae of A. cyanipennis in the fields. 
Furthermore, we noted that the average number of adult 
individuals of L. occidentalis was twice higher than that of 
A. cyanipennis, regardless of the type of accession 
considered (tolerant or susceptible). These results 
suggested that L. occidentalis could be a cucurbit-host-
specific species, contrarily to A. cyanipennis which is 
probably an opportunistic herbivorous insect on the target 
crop. The hypothesis concerning A. cyanipennis is 
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supported by the work of Anzara et al. [19] who reported 
very low proportions (8.70-11.72%) of this species in 
gourd fields, with a total absence during certain cropping 
seasons. However, this hypothesis must be tested using 
screen house trials. 

Leave damage was greater in monoculture and on 
plants at the tendril stage, compared to seedlings. The 
extent of attacks on developed plants may be related to the 
availability of leaf biomass at this stage. 

Overall, the highest values of yield components 
analyzed were observed in monoculture particularly in the 
tolerant accession. However, for the susceptible accession, 
the yield components reduction between the two cropping 
systems tested was low for plant length and number  
of fruits per plant. The value of seed weight was about  
1.5 higher in intercropping. Several on-farm studies 
demonstrate the beneficial effects of intercropping on crop 
growth and yield through the reduction of disease and pest 
damage [35,36,37]. 

Thus, to intensify the production of L. siceraria in low 
input cropping systems, special attention must be given to 
the control of L. occidentalis. Intercropping systems 
involving the tolerant accession (NI42) examined in this 
research could be satisfactory in terms of pest insects 
feeding damage reduction and yield gain. 
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