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ABSTRACT 
 

Lagenaria siceraria (Molina) Standley is a plant with high nutritional potential and high market 
value. However, production is relatively low due to foliar damage caused by insect pests. Two 
experimental were put in place during 2019 and 2020 in the village of Manfla approximately 400 km 
from of Abidjan in order to identify and select the most productive genotypes of L. siceraria. Thus, a 
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comparative study of parental individuals P1 and P2, F1d hybrids, resulting from a direct crosses, 
hybrids F1ind, from an indirect crosses and the segregating F2 population F2d and F2ind were carried 
out. Phenological and agronomic parameters of all plants were measured in the presence of insect 
pests. The results obtained showed that P2 individuals caused more than 90% of foliar damage 
compared to less than 25% for P1. The level of foliar damage of individuals resulting from the cross 
is closer to the parent that served as a female plant. Two groups were identified. The first group 
consisting of P1 and F1ind were distinguished by a low rate of foliar damage and by a high seeds 
number and fruits and seeds weight. 
The second group composed of P2, F1d, F2ind and F2d were characterized by a short reproductive 
cycle. However, a series of backcrossing, involving the F1 hybrid and the P2 parent, must be 
carried out in order to obtain early and productive individuals. 
 

 
Keywords: Lagenaria siceraria; foliar damage; agronomic evaluation; F1 hybrid; F2 segregating 

population. 

 

1. INTRODUCTION 
 
Lagenaria sicerariais one of the most cultived 
cucurbitaceous vegetables around the world 
(Agata & Beata, 2020). It has two types of fruits. 
The calabash type is used as musical 
instruments, decorative objects or kitchen 
utensils (Fajinmi et al. 2022) and the oleaginous 
type, commonly known as "pistache" is 
consumed in sauce during traditional ceremonies 
(Zoro Bi et al. 2003). L. siceraria is used also in 
medicinal treatment (Zatout et al. 2023), in 
agronomy (Touré et al. 2021) and is a good 
source of protein and lipid (Syed et al. 2019; 
Mehboob et al. 2022). 
 
Despite its importance, the production is low in 
Côte d'Ivoire (Dje Bi et al. 2017). This 
observation has been verified in Benin where the 
fruit number per plant does not exceed three 
(Achigan-Dako et al. 2006; Achigan-Dako et al. 
2008). The relative weakness of L. siceraria 
production is caused by insect pests (Anzara et 
al. 2015). 
 
The search for improved varieties capable of 
obtaining similar production in the presence and 
absence of pests is a considerable asset for 
farmers. Several improved varieties have been 
obtained through inter-varietal crosses of 
cultivated species, particularly in cowpea (Owusu 
et al. 2018; Oluwafemi et al. 2019), in melon 
(Adjoumani et al. 2016; Amanullah et al. 2021) 
and in tomato (Lokonga et al. 2020).  

 
In L. siceraria, hybrids and segregating 
populations have also been obtained from 
crosses between oilseed and calabash types. 
These data made it possible to determine the 
heritability of qualitative parameters (Amangoua 
et al. 2018; Gaonkar et al., 2025) and the genetic 

determinism of tolerance to insect pests (Pitan et 
al. 2011; Anzara et al. 2015). However, the 
agronomic evaluation of such populations has 
not yet been addressed. Many studies have 
shown that hybrid varieties have recorded yields 
than local landraces (Chimonyo & Modi, 2013; 
Shivapriya et al. 2021; Saleem et al. 2024; 
Mashilo et al., 2017). Indeed, production of 
hybrids showed greater improvement for 
economic traits (Bekzod et al. 2024). Thus, the 
objective of this study was to identify genotypes 
(F1 or F2) with high agronomic potential to 
entomological pressure in order to optimize 
production. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 

2.1.1 Study site 
 

Experiments were conducted under field 
conditions during april to august respectively in 
2019 and 2020 in the village of Manfla 
(6°49’34.38’’N, 5°43’47.68’’W), located in the 
department of Zuenoula, characterized by high 
production of cucurbits. This department is 
located in the Center-West of Côte d’Ivoire, 
approximately 400 km from of Abidjan (Fig. 1). 
The vegetation is of the wooded savannah type. 
The soil characteristics, at 20 cm depth, are as 
follows: pH = 6.45, with 57% sand, 36% silt, 7% 
clay, 6% organic matter, 3.5g/Kg of total N, 
24.4g/Kg of available P and 0.45g/Kg of K 
(Kouassi &  Zoro Bi, 2009). 
 

2.1.2 Plant material 
 

Two cultivated varieties calabash P1 (NI431) and 
oilseed P2 (NI227) were provided from four 
successive self-pollination. They were repectively 
characterized by a higher weight fruit and a short 
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reproductive cycle. P1 and P2 were hybridized to 
generate the segregating populations. Both direct 
cross (F1d) and reciprocal crosses (F1ind) (Fig. 2) 
were made. These plants (F1d and F1ind) were 
self-pollinated to generate respectively F2d and 

F2ind. Experiment materials were composed of 
parental seeds P1 and P2, hybrids seeds F1d, 
F1ind and segregating populations F2d and F2ind. 
 

2.2 Methods 
 

2.2.1 Experimental design 
 

Experiments were conducted in the first cropping 
season (March–july) respectively at 2019 and 
2020 on an area measured 50 m x 30 m (1500 

m2). A total, 120 plants including 40 for parental 
genotypes (20 for P1 and 20 for P2), 40 hybrids 
F1 (20 F1d and 20 F1ind) and 40 components of 
the F2 (20 F2d and 20 F2ind) were used. Three 
seeds are sown per pocket on the same day on 
the entire plot. The seedlings were thinned after 
emergence in order to keep a single plant (the 
most vigorous). The planting distance was 3 m 
between and within rows with 1.5 m of edges. 
This distance makes it possible to take into 
account the creeping nature of the species which 
covers the ground very quickly. Manual weeding 
was carried out during plant development and no 
chemical product is applied during this 
experiment. 

 

 

 

Fig. 1. Geographical location of the Manfla site (Monnier, 1983) 
 

 

 

NI431 (male parent)                  F1d            NI227 (female parent) 
A 
 

 

 

NI227 (male parent)       F1ind    NI431 (female parent) 
B 
 

Fig. 2. F1 hybrid obtained from an direct (A) and indirect cross (B) between NI227 and NI431 
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Table 1. Methods of measuring different parameters 
 

Characters Type and period of observation 
Germination time (TG) Number of days from sowing to cotyledonary leaf opening 
Male flowering time (FM) Number of days from sowing to first male flower opening per 

plant. 
Female flowering time (FF), Number of days from sowing to first female flower opening per 

plant. 
Fruit Maturity Time (MF) Number of days from sowing to first mature fruit per plant 
Number of fruits per plant (FN) Total number of fruits at plant maturity 
Fruit weight (WF) Weight of the mature fruits in gram 
Seed Number (SN) Total number of seeds per fruit 
Seed Weight (WS) Weight of seeds after drying in gram 

 
 

 
Fig. 3. Proportions of leaf damage according to populations

 
2.2.2 Morphological data 

 
From sowing to harvest eight parameters have 
been collected on the 120 plants. It’s about 
Germination Time (GT), Male flowering time 
(MF), Female flowering time (FF), Maturity Fruit 
time (MF), Fruit Number (NF), Fruit weight (FW), 
Seed Number (SN) and Seed Weight (SW) 
(Table 1) and Foliar Damage (FD). It was 
evaluated during the vegetative stage of the plant 
and calculated using the following formula: FD = 
nFa/nFt x 100 With nFa: number of leaves 
destroyed by insects; nFt: number of total leaves 
of a plant. 

 
2.2.3 Statistical analysis 

 
Comparison of the averages of the agronomic 
parameters was achieved between the different 
generations by variance analysis (ANOVA) at the 
5% probability threshold. When a significant 
difference is noted between the factors 

considered for a given trait, the test of the 
smallest significant difference (ppds) HSD of 
TUKEY was performed. In order to determine the 
degree of divergence between the different 
populations a hierarchical classification on the 
collected data were carried out. All these 
analyses were carried out with the software 
Stastistica version 7.1. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Foliar Damage of Different 
Populations  

 
Several plant reactions were observed following 
insect damage. Some populations were less 
attacked than others (Fig. 3). Parental individual 
P2 recorded the most destroyed leaves (97.24%) 
followed respectively by F1d (70.07%), F2d 
(61.05%); F2ind (35,7 %) and F1ind (30.1%). 
Another parental individual P1 caused the least 
foliar damage (22.64%). 

22.64

97.24

70.07

30.1

61.05

35.37

0

20

40

60

80

100

120

P
ro

p
o

p
rt

io
n

s 
o

f 
le

af
 d

am
ag

e
 (
%

))

Population

P1 P2 F1d F1ind F2d F2ind



 
 
 
 

Roland et al.; Int. J. Plant Soil Sci., vol. 37, no. 3, pp. 302-312, 2025; Article no.IJPSS133059 
 
 

 
306 

 

The response of parental individuals P1 and P2 
as being respectively tolerant and sensitive to 
insects carried out by Anzara et al. 2020 were 
confirmed in this study. This study showed that 
populations react differently to insect attacks. 
The herbivorous insects preferred some 
populatin than others. Similar observations were 
reported by Adja et al. (2015) who showed that 
the level of insect damage varied from plants 
within species and from one species to another. 
When the female parent was P1 (NI431), foliar 
damage of F1ind and F2ind was also lower and 
less than 40%. When the female parent was P2 
(NI227), foliar damage of F1d and F2d were 
above 60%. Intensities of hybrids and 
segregating populations damage foliar were 
closer to that of the parents that served as 
female plants. This indicates the presence of 
maternal or cytoplasmic factors in the control of 
tolerance against foliar damage. Several studies 
have also shown the maternal effect in the 
transmission of certain traits in cultivated species 
(De Castro et al., 2013; Oluwafemi et al., 2019).  
 

3.2 Comparison of Agronomic 
Parameters of Different Generations  

 

Analysis of Variance carried out between the six 
generations revealed a significant difference 
existed for all phenological parameters excepted 
Germination Time (GT) (Table 2). Seeds of all 
the generations germinated in five days. Analysis 
test indicated that Male and Femelle Flowering 
time (FF) and Mature Fruit Time (MFT) were 
longger for the P1 than the other generations. 
The parental individuals P1 therefore had a long 
reproductive cycle (122 days). It was followed by 
F1ind which reached maturity 15 days earlier and 
then respectively by F2ind, F2d and F2ind. The 
parental individuals P2 quickly reached fruit 
maturity at 63 days and only 32 days for Male 
Flowering (MF). It therefore had a short 
reproductive cycle. No individual resulting from 
the cross between these two individuals 
produced a shorter reproductive cycle than P2. 
However, varieties cultivated with a short 
reproduction cycle are recommended in 
agriculture in order to allow producers to quickly 
obtain profits to meet their financial needs 
(Doumbia et al. 2013). 
 

Statistical tests showed also a significant 
difference of agronomic parameters between the 
different populations (Table 2). The parental 
individual P1 recorded a lower Fruit Number 
harvested with two fruits per plant. Those of P2 
obtained the lightest fruits (six fruits). Fruit 

Number of others popultations (F1ind, F2ind, F1d 
and F2d) varied between two to three. On the 
other hand, the fruit number and the fruit weight 
per plant were above in P1 and F1ind than the 
other populations.This showed that the weight of 
a plant's fruit is not related to the number of 
fruits. A positive correlation was also observed 
between the number of seeds per fruit with total 
fruit mass (Koffi et al. 2009; Majid et al. 2020; 
Ezin et al. 2022). 

 
Seeds Weight were higher for P1 followed by 
F1ind, F2ind, F1d, F2d and P2. The significant drop 
in seed production of populations P2, F1d and 
F2d would be due to the increased damage 
caused to these populations by insects. The 
degree of association estimated by the Pearson r 
correlation coefficient between foliar damage and 
and Seed Weight was 0,711. Thus, plants with 
the most leaf damage recorded a low Seed 
Weight. Correlation between insect damage and 
Seed Weight observed in this study has been 
verified in several studies, including melon 
(Edelson et al. 2003), cowpea (L.) Walp 
(Rahman et al. 2008) and corn (Barimavandi et 
al. 2010). Indeed, leaves are important for 
photosynthesis, which is the major process 
regulating plant growth. The productivity of a 
plant depends on the efficiency of its 
photosynthetic processes and therefore on the 
size of its photosynthetic surface (Karadogan & 
Akgün, 2009). 

 

3.3 Structuring of Agronomic Parameters 
and Generations 

 
Examination of the factor weight matrix made it 
possible to retain the first two axes which 
expressed 74.28% (Table 3). These first two axis 
can therefore be retained for the interpretation of 
our results since they bring together the greatest 
variability. Eight descriptors contributed 
significantly to the formation of the two axis. The 
first axis (62.20%) is defined by percentage of 
Foliar Damage which is positively correlated with 
this axis. It was also defined by the Seeds 
Number, Fruits Weight, Seeds Weight, Male and 
Female Flowering time and Fruit Maturity time. 
These parameters were however negatively 
correlated to this axis. These different 
parameters represented the phenological and 
agronomic parameters of plants. Fruit Number 
was the variable that contributed mainly to the 
formation of the second axis which explains 
12.087% of the total variability. This variable is 
positively correlated with axis 2. 
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Table 2. Comparison of populations according to phenological and agronomic parameters 
 

Population Germination  
Time (j) 

Male  
Flowering (j) 

Female  
Flowering (j) 

Fruit  
Maturity (j) 

Fruit  
Number 

Fruit  
Weight (g) 

Seed 
Weight (g) 

Seed  
Number 

P1 5,65 ± 0,68a 74,48 ± 6,90d 98,05 ± 9,19f 122,55 ± 5,14f 2,15 ± 1,13a 1536,25 ± 380,5d 65,00 ± 14,18d 307,55 ± 74,83c 

P2 5,60 ± 0,50a 32,05 ± 1,19a 41,25 ± 1,90a 63,15 ± 3,85a 6,05 ± 0,88c 641,25 ± 193,0a 31,67 ± 5,52a 122,8± 29,91a 

F1d 5,60 ± 0,68a 35,50 ± 3,79a 51,25 ± 4,84b 74,85 ± 5,14b 2,20 ± 0,41a 703,75 ± 244,58b 40,32 ± 5,28b 229,9± 38,10b 

F1ind 5,45 ± 0,60a 65,85 ± 9,51c 90,35 ± 9,57e 107,70 ± 13,20e 3,05 ± 0,68b 1510,00 ± 63,03d 68,72 ± 12,51d 313,05 ± 79,61c 

F2d 5,95 ± 0,82a 33,70 ± 4,18a 57,30 ± 7,73c 81,70 ± 12,32c 2,35 ± 0,58a 725,00 ± 187,60b 43,29 ± 6,88b 208,00 ± 30,41b 

F2ind 5,80 ± 0,69a 38,90 ± 5,86b 65,80 ± 7,03d 97,75 ± 9,48d 2,25 ± 0,55a 1045,00±354,35c 54,68 ± 13,45c 268,7± 59,28b 

F 1,36 198,65 191,91 117,35 83,08 49,42 39,83 32,76 

p 0,24 < 0,001 < 0,001 < 0,001 < 0,001 < 0,001 < 0,001 < 0,001 
Mean values followed by the same superscript were not significantly different (p≥ 0.05)
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Table 3. Eigenvalue matrix and percentage variation expressed by the principal axes of the 
PCA 

 

Principal component Axis 1 Axis 2 

Eigenvalue 5,598 1,087 

Total variance (%) 62,201 12,087 

Total cumulative variance (%) 62,201 74,289 

Foliar Damage 0,908 0,191 
Fruit Number 0,537 0,795 
Seed Number -0,765 -0,217 
Fruit weight -0,837 0,256 
Seed Weight -0,816 0,077 
Fruit Maturity Time -0,923 0,074 
Male flowering time -0,883 0,320 
Female flowering time -0,946 0,147 

 

 

 
Fig. 4. Distribution of individuals in plane 1-2 revealed from PCA in the six populations of 

Lagenaria siceraria 
 

Principal Component Analysis allowed to 
establish the existing relationship between the 
tested parameters and the different populations 
of the six populations allowed to establish the 
existing relationship between the                          
different populations (Fig. 4). This analysis 
allowed to structure the populations into three 
groups. Group I composed of P1 and F1ind 
populations and was characterized by high 
agronomic parameters. Group II composed of P2       
individuals was characterized by precocity with a 
high number of fruits. And group III composed of 
F1d, F2ind and F2d had intermediate values. 
 

In order to group the different populations into 
relatively homogeneous groups based on the 
similarities between them, the Hierarchical 
Ascending Classification (HAC) was used. The 

dendrogram produced highlighted two main 
groups). The two groups GI were composed of 
P1 and F1ind. Group II is divided into two 
subgroups, the first subgroup consists of the P2 
and the second, of the F1d, F2ind and F2d 
populations (Fig. 5). The hierarchical 
classification analysis nevertheless associated 
the last two groups into one. Indeed, the 
phenological and agronomic parameters of group 
II (F2 population) are close to group III (F1d, F2ind 
and F2d).  
 

F1ind hybrids with a low rate of foliar damage and 
high fruit and seed weights are                   
recommended. However, back-crosses must be 
carried out in order to obtain individuals with 
these characteristics with a short reproduction 
cycle.

GI 

GII 

GIII 
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Fig. 5. Dendrogram (UPGMA) of the six populations of Lagenaria siceraria 

 

4. CONCLUSION 
 
In conclusion, comparative study of the 
agronomic performance of parental individuals 
(P1 and P2), hybrids (F1d and F1ind) and 
segregating populations (F2d and F2ind) in the 
presence of insect pests was carried out to 
identify and select the most productive 
genotypes. It emerges from this work that 
parental individuals P1 and P2 were identified as 
late and early respectively. Two groups of these 
evaluated populations were identified. The first 
group consisting of P1 and F1ind were 
distinguished by a low rate of foliar damage and 
by a high seeds number and fruits and seeds 
weight and the second group consisting of P2, 
F1d, F2ind and F2d were characterized by a short 
reproductive cycle. 
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