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The scarlet eggplant (Solanum aethiopicum L.) is an African traditional vegetable grown for its edibles 
leaves and fruits, which can contribute to food security in Republic of Benin. However, very little 
information is available on the genetic variability of this vegetable for varietal improvement purposes. 
Sixty accessions of scarlet eggplants collected throughout 52 villages in Benin republic were 
characterized using 34 (10 qualitative and 24 quantitative) variables. The experiment was laid out using 
complete randomized block design with three replications on the experimental site of Massi. The 
Principal Component Analysis (PCA) analysis revealed 18 discriminating quantitative variables. A 
strong correlation was observed between plant height, number of fruits per plant, fruit diameter, fruit 
weight and number of seeds per fruit. A cluster phenogram divided the 60 accessions into three groups 
corresponding to Kumba (Cluster 1), Gilo (Cluster 2), and Shum groups (Cluster 3). These groups 
differed by the number of seeds per fruit, weight of fruits, diameter of fruits, number of fruits per plant, 
plants height at flowering stage, plants length, and plant width. Accessions Samibi, Ikangougou, 
Kannan and Yètchanmiyé with the highest fruit weight per plant can be used as parents in the 
framework of a scarlet eggplant breeding program in Republic of Benin. 
 
Key words: Benin, accessions, traits diversity, breeding program. 

 
 
INTRODUCTION 
 
The scarlet eggplant or garden eggplant (Solanum 
aethiopicum  L.)   is   one   of   the   most   cultivated  and 

consumed fruit vegetables in tropical Africa for its very 
diverse nutritional and  medicinal  values (Kouassi  et  al.,  
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2014; Sabatino et al., 2019). Indeed, the various 
phytochemical compounds (alkaloids, saponins, 
flavonoids, tannins, ascorbic acid, and steroids) in the 
fruit and leaves of this traditional vegetable suggest its 
nutritionally and therapeutically value (Chinedu et al., 
2011; Tunwagun et al., 2020). In Republic of Benin, 
scarlet eggplant is cultivated in all agro‐ecological zones 
and its fruits and leaves are consumed as vegetable, raw 
or cooked in sauce (Achigan‐Dako et al., 2010). Scarlet 
eggplant is known for its great morphological variability. 
Three cultivated groups (Gilo, Shum, and Kumba) having 
distinct morphological traits were found in some West-
African countries such as Nigeria (Adeniji et al., 2019), 
Burkina Faso (Bationo-Kando et al., 2015; Sawadogo et 
al., 2016), Côte d'Ivoire (Kouassi et al., 2014), and Ghana 
(Osei et al., 2010). However, except for some studies 
mentioning the presence of Gilo and Shum groups in the 
Beninese agriculture (Achigan‐Dako et al., 2010), very 
little information exist on the diversity of scarlet eggplant 
throughout the country.  

In Republic of Benin, scarlet eggplant production is 
based on local varieties subjected to various biotic and 
abiotic constraints, which lead to their low yield. This 
situation is exacerbated by the fact that research and 
breeding programs are focused on other Solanaceae 
economically important. Furthermore, few studies have 
been done to improve the productivity of this traditional 
vegetable. A significant risk of extinction of scarlet 
eggplant local varieties exists in rural areas due to the 
introduction of exotic commercial eggplant such as brinjal 
eggplant (S. elongena L.). It is known that scarlet 
eggplant is an important source of traits of interest 
(resistance to nematodes, bacterial wilt, and fungi) to 
improve brinjal eggplant (Hébert, 1985; Rizza et al., 
2002). Therefore, it is particularly important to 
characterize the accessions available and highlight the 
presence or expression of the criteria of interest before 
any selection or improvement program. Moreover, the 
analysis of agromorphological diversity within a species 
or between several species constitutes a very important 
asset in the identification of efficient varieties capable of 
alleviating the problems of producers and consumers 
(Rodriguez et al., 2008; Orobiyi et al., 2013, Kyriacou et 
al., 2017). For  an  effective  breeding  program, 
information concerning the extent and nature of genetic 
diversity within  a  crop  species  is  essential. In fact, 
assessing the diversity and relationships of the cultivated 
species facilitates the establishment of conservation 
strategies, the use of genetic resources in breeding 
programmes, and the study of the crop evolution 
(Hurtado et al., 2012). Controlling agronomic diversity 
also involves eliminating duplicates, thereby facilitating 
precise individual knowledge of cultivars and their 
registration in the national catalogue, making them formal 
(Chapman, 2020). 

This study aims at contributing to a better understanding 
of the agromorphological diversity of  scarlet  eggplant  in  

 
 
 
 
the Republic of Benin. Specifically, it involves: (i) 
describing the qualitative diversity of the accessions 
collected using the parameters discriminating the African 
eggplant for the prospects of varietal improvement; (ii) 
establishing the level of quantitative structuring of the 
agronomic diversity of scarlet eggplant from Benin. 
 
 
MATERIALS AND METHODS 
 
Plant material 
 
This study's plant material consisted of seeds obtained from 60 
accessions of scarlet eggplants knowing under 22 different local 
names (Table 1). These accessions were collected in farmers’ fields 
throughout 52 villages (Figure 1). 
 
 
Study site 
 
Experiments were carried out on the experimental site of the 
BIORAVE Laboratory located in Massi (6° 56' and 7° 08' north 
latitude, 1° 58' and 2° 24' east longitude) in southern Benin. The 
cimate in this region is subequatorial with two rainy and two dry 
seasons.Rainfall varied between 1000 and 1400 mm. The relief is 
characterized by vast valleys of the Zou and Ouémé rivers, areas of 
low altitude plateau and the Lama depression area. Several types 
of soil were found in southern Benin whose vertisols at the 
experimental site. The vegetation consists of savannahs composed 
of several strata dominated by Daniella laxiflora and Parkia 
biglobosa (Adomou et al., 2007). 
 
 
Growing conditions 
 
The seeds were extracted from fruits, dried for 7 days and sowed in 
nursery for 45 days using the protocol described by Sawadogo et 
al. (2016). Hundred normal seeds of each accession were sowed in 
separated nursery bags loaded with ordinary sand and labelled. 
Transplanting of the seedlings was carried out at the 5 to 6 leaf 
stage following the recommendations of Segnou et al. (2012) 
adopted by Sawadogo et al. (2016). The randomized complete 
block design with 3 replications was used with regard to the high 
number of accessions and to control the high level of land 
heterogeneity conditions in Massi. In each repetition, each 
accession was planted in a row (elementary plot) of 7 plants. A 
distance of 0.8 m was respected between elementary plots while 
0.4 m was applied between consecutive plants of the same row. To 
ensure good emergence of the transferred seedlings, regular and 
daily watering was done for 10 days after transplanting. No organic 
manure was added. Weeding was done manually without the use of 
chemicals. In addition, the treatments applied against scarlet 
eggplant diseases were made with the pesticide namely Dominator 
Plus at a dose of 15 ml / 10 m2 (15 L / ha) and this every two weeks 
as recommended by Simeni et al. (2009).  
 
 
Characterization 
 
Thirty-four morpho-agronomic traits (10 qualitative and 24 
quantitative) from eggplant descriptors developed by the 
International Board for Plant Genetic Resources (IBPGR, 1990) and 
revealed by Simeni et al. (2009), Danquah and Ofori (2012) as 
more discriminating were used. These data were collected on five 
marked plants in each elementary plot and in the three blocks. The 
sowing-to-flowering  cycle   and   the   color   of   the    seedlings   at
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Table 1. Local name and provenance of scarlet eggplant accessions. 
 

Local name (ethnic groups) Number of accessions Region Villages 
Gboyi (Adja) 2 (G,S) South Azovè, Yovogahoué 
Gbitchan (Kotafon, Tala) 2 (G,S) South Dékpo, Atchannou 
Agbissan (Kotafon, Fon, Mahi, Goun) 5 (3G,2S) South Doukonta, Ahondomey, Agohohoun, Akpadanou, Hozin 
Egboyi (Adja) 1 (G) South Yovogahoué, 
Gbitchan lobo (Tala) 1 (G) South Atchannou 
Gbitchangodo (Tala) 1 (G) South Atchannou 
Koklozingbo (Kotafon) 2 (G,S) South Dékpo, Doukonta 
Gboyigouroto (Adja) 2 (G) South Azovè, Yovogahoué 
Gboyilogboto (Adja) 2 (G,S) South Tchikpé, Doutou 
Agbitchan (Adja,Watchi) 1 (G) South Tchikpé 
Ikan (Yorouba, Nagot, Holli, Idaatcha, Ifè, Tchabè) 5 (2G, 2K, 1S) Center Banigbé, Idigny, Magoumi, Odo-ôtchèrè, Gouka 
Ikanrodo (Idaatcha, Yorouba, Nagot, Holli) 4 (3G,1S) Center Adja-ouèrè, Iwoyé, Paouigna, Alaafia, 
Ikangougou(Nagot, Holi,Yorouba) 4 (G) Center Odomèta, Djaloukou, Kilibo, Ikpédjilé 
Kélé (Lokpa) 2 (K) North Pénélan, Gouroubéri, 
Kpaanoulaka (Lokpa) 2 (K) North N’dahonta, Soubakparou 

Sambini (Bariba) 8 (6K, 2G) North Pabégou, Tomboutou, Yanro-Bariba, Kouandé, Alafiarou, 
Kolokondé, Gogounou,Papanè 

Yètchanmiyé (Ditamari) 2 (K) North Sirarou, Pérégourou 
Yèkan (Lokpa, Ditamari) 3 (2K, 1S) North Tchankossi, Prèkètè, Kondé 
Yèkan'tchantchayè (Ditamari) 3 (2K, 1G) North Tokotoko, Somounon, Tétibeyao 
Gabta (Dendi) 4 (3K, 1G) North Sékokparou, Kotopounga, Kassa, Fo-bourré, 
Kaanan (Gourmanché) 4 (3K, 1S) North Datori, Kouandata, Kpakpavissa, Gambané 

 

G Gilo; K Kumba; S Shum. 
 
 
 
emergence were noted across the row. The qualitative parameters 
were evaluated during direct observation sessions on the 
experimental plots and tasting tests carried out by a team of 
experienced consumers. The observations were noted as detailed 
scores in Table 2. 
 
 
Data analysis 
 
Two databases (categorical and quantitative) were developed 
through observations and measurements made during the plant 
development cycle. The frequencies of appearance of the 
modalities of each qualitative trait were estimated using the formula 
described by Sawadogo et al. (2016) as followed: 
 

 
 
With F the frequency (%), mi indicates number of accessions with 
the same modalities and N indicates the total number of accessions 
evaluated. The results were summarized in descriptive table and 
graphics. As for the quantitative variables, a Principal Component 
Analysis (PCA) was firstly done to identify the most discriminating 
traits according to Peres-Neto et al. (2003). The correlation analysis 
was after that performed as heatmap considering the most 
discriminant variables using packages ggplot2 (Wickham et al., 
2016). The PCA was summarized into a biplot showing accessions 
with corresponding discriminant variables using FactoMineR 
(Husson et al., 2016) and factoextra (Kassambara and Mundt, 
2017a, b) packages. To classify the studied accessions according 
to those quantitative variables, a Multiple Correspondence Analysis 
(MCA) was then carried out and the representative factors was 
used  to   perform  the  Hierarchical  Cluster  Analysis  (HCA)  using 

factoextra (Kassambara, 2017a, b; Coghlan, 2017) and cluster 
packages (Bates et al., 2018) with R software version 4.0.2 (R Core 
Team, 2018). Pheatmap (Kolde and Kolde, 2015) and ggplot2 
(Wickham et al., 2016) packages were used to plot dendrogram. 
 
 
RESULTS 
 
Morphological diversity of scarlet eggplants  
 
Two main stem colours (green and purple) were 
observed during the plants sprouting with an absolute 
predominance of the green colour (86.43 % of 
accessions). However, 3.24% of the accessions displayed 
a mixture of green and purple colour (Figure 2). The great 
majority of accessions (71.66%) were characterized by 
leaves with green veins against 28.33% purple both at 
the seedling stage and at physiological maturity.The floral 
pieces, in particular the petals, presented three distinctive 
colour (white, purplish white, purple) with a predominance 
of flowers with purplish white petals (58.33%), 26.67% of 
the accessions presented inflorescences with purple 
petals, while only 15% presented white petals (Figure 2). 
The sepals have a more or less uniform light green 
coloration (80%). Only 20% of the accessions are 
distinguished from the others by the sepals purplish 
green colouring. At fruiting stage (at least 2 month after 
planting), accessions were mainly identified by the colour 
and shape of the fruits.  
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Figure 1. Map of the Republic of Benin showing the collection sites of scarlet eggplants.  

 
 
 
In terms of fruits colour, four different modalities were 
observed (Table 3). The studied germplasm was 
dominated by accessions with pale green fruits (36.67%), 

followed respectively by those with dark green (26.67%), 
shiny green (20%), and white cream fruits (16.67%). Four 
types of accessions were identified concerning fruits taste 
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Table 2. Variables and methods of measurement (IBPGR, 1988). 
 
Code Variable Methods measurement Collection period 
Cpl* Sprout color 1= Green-purple, 2= Green, 3= Purple 15 Days after sowing 
Cls* Sepals color 1= Green, 2=Purplish green 

At flowering stage 
Clp* Petals color 1= White, 2=Purplish white, 3=Purple 
Cnp* Main rib color 1=  Green, 2=Violet 

At flowering initiation 
Clt* Stem color 1= Purplish green, 2=Violet, 3=Green 

Bot1 Time between flower 1 and 2 Days counted between flower 1 and 2 From the first flower 
opening 

Bot2 Time between flower 2 and 3 Days counted between flower 2 and 3 From the second 
flower opening 

Bot3 Time between flower 3 and 4 Days counted between flower 3 and 4 From the third flower 
opening 

Bot4 Time between flower 4 and 5 Days counted between flower 4 and 5 From the fourth flower 
opening 

Clf* Fruit color 1= White cream, 2= Pale green, 3= Dark green, 4= Shiny 
green 

At fruits commercial 
maturity stage 

Ctf* Color of fruit stripes 0= Absent, 1=Dark green, 2=Light green 
Ffr* Fruit shape 1=Rounded, 2=Oval, 3=Lying down, 4=Lobed dough 
Pff* Depth of fruit slits 1= Smooth, 2=A little deep, 3=Medium, 4=Very deep 
Gfr* Fruit taste 0= Bitter, 1=Sweet, 2=Little bitter, 3=Very bitter 
Ccl Date to 50 %  of flowering  Number of days from sowing to 50 % of flowering 

At 50 % of flowering 

Cfc Cycle to 50 % of fruit setting Number of days from semi to first fruit formed 

Hpf Plant height at flowering stage Measured from pasted to the top last mature leaf using 
adapted ruler 

Htp Plant height at  fruiting stage Measured from stuck to the last mature top leaf using 
adapted ruler 

Nlb Number of fruiting stem  Enumeration of branches bearing fruit 

Loe Internode length  Average of the three central internodes length measured 
using adapted ruler 

Lpe Petiole  length  Measured from the ligule to the insertion point of the leaves 
using adapted ruler 

Llb Leaf length Longitudinal measurement from the point of insertion of the 
limbs to its apex using adapted ruler 

Lab Leaf width Transversal measurement of the extent of the limbs using 
adapted ruler 

Nfi Number of flowers per inflorescence Enumeration of flowers by floral axis (average of 5 per plant) 

Nsp Number of sepals   
Enumeration of sepals 
(average of 10 flowers per plant) 

At flowering stage Npe Number of petals  Enumeration of petals (average of 10 flowers per plant) 

Net Number of stamens per flower 
Enumeration of stamens 
(average of 10 flowers per plant) 

Lpd Fruit peduncle length  Average of 10 peduncles length per plant using adapted 
ruler 

At 50 % of fruit setting 
 

Dif Fruit diameter Average of 10 fruits per plant 
Efr Fruit thickness  Average of 10  fruits per plant 
Pfr Fruit weigh in Kg  Accurately weighed fruit at maturity 
Nbl Number of lobe per fruit  Enumeration of lobes of 10 fruits per plant if applicable 

Ngr Number of seeds per fruit  Seeds counting of mature fruits per accession after shelling 
(average of 5 fruits) 

At fruits physiological 
maturity stage 

Nfr Number of fruit per plant  Fruit count per plant (average of 5 plants per accession) At 100 % of fruit setting 
 

*Qualitative variables. 
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Figure 2. Variation of stem, leaves, and sepal colour in evaluated scarlet eggplants: Green (i), Purple 
stem (ii), Green purplish stem (iii), Light green (iv: shum), Purple stripe (v: gilo and Kumba), White (vi),  
Purple (vii), and  Purplish white (viii). 

 
 
 
(Table 3). The germplasm was dominated by accessions 
with bitter fruits (51.67%), while those with sweet 
(26.67%), slightly bitter (16.67%), and very bitter (5%) 
fruits were little represented.  

Stripes of different colours on the fruit are also part of 
the eggplant's distinctive quality traits (Table 3). Thus, the 
collection studied in Benin presents for most of the 
accessions an overlap of dark green stripes with a 
dominant proportion (80%) on the fruits. Fruit accessions 
with light green stripes are around 6% of the current 
Beninese collection. However, 14% of this collection were 

without remarkable stripes and are either entirely white or 
pale green. The description of fruits shape revealed three 
different modalities clearly dominated by the oval fruits 
(46.67%). Accessions with lobed and non-lobed flat fruits 
represent 20 and 13.33% while rounded fruit accessions  
are 18.33%. Within the lobed fruit accessions, there is 
also a variability in the depth of the side slits of the fruit 
delimiting the lobes. A significant proportion (36.67%) of 
the accessions have fruits without slits (smooth fruits). 
Accessions with shallow and moderately deep lobed 
fruits represent  respectively  21.67 and 38.33%. Only 5%  
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Table 3. Variation in the qualitative characteristics of scarlet eggplants from Benin. 
 
Variable Modality Number Frequency (%) 

Seedling color (Cpl) 
Green-purple 2 3.33 
Green 49 81.67 
Purple 9 15 

    

Main rib color (Cnp) 
Green 43 71.67 
Violet 17 28.33 

    

Stem color (Clt) 
Purplish green 9 15 
Violet 14 23.33 
Green 46 76.67 

    

Color of sepals (Cls) 
Green 48 80 
Purplish green 12 12 

    

Color of petals (Clp) 
White 9 15 
Purplish white 35 58.33 
Purple 16 26.67 

Fruit color (Clf) 
 

White cream 10 16.67 
pale green 22 36.67 
dark green 16 26.67 
Shiny green 12 20 

    

Fruit form (Ffr) 

Rounded 11 18.33 
Oval 28 46.67 
Lying down 8 13.33 
Lobed dough 12 20 

    

Color of fruit stripes (Ctf) 
Absent 8 14 
Dark green 48 80 
Light green 4 6 

Slot depth (Pff) 

Smooth 22 36.67 
A little deep 13 21.67 
Moderate 23 38.33 
Very deep 3 5 

    

Taste of the fruit (Gfr) 

Bitter 31 51.67 
Soft 16 26.67 
Little bitter 10 16.67 
Very bitter 3 5 

 
 
 
of accessions have fruits with very deep lobes. 

In summary three morphological groups are observed 
(Gilo, Kumba and Shum) (Figure 3). The Gilo groups are 
characterized by smooth to slightly lobed oval fruits of 
shiny green, white and striped green (dark green 
longitudinal stripes; Figure 3a). However, the Kumba 
group's accessions have strongly lobed and flat fruits with 
dark green, white to glossy green colourings, devoid of 
stripes (Figure 3b). As for Shum, the  fruits  are  generally 

small, rounded and green with dark stripes. The latter are 
the most bitter (Figure 3c). 
 
 
Phenotypic scarlet eggplant diversity using 
quantitative variables 
 
Eighteen discriminant variables were correlated to the 
first   five    principal    components    identified    as  most  
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Figure 3. Photograph showing the variability of fruits shapes and colors of: (a) Gilo group, (b) Kumba group, and (c) Shum group. 

 
 
 
discriminating the germplasm collection (Table 4). Those 
components explained 76.86% of the total quantitative 
variation   in   the  studied  collection.  Thirteen   variables 

(flowering cycle (Ccl), fruiting cycle (Cfc); internodes 
length (LoE); leaf length (Llb); width of leaf (Lab); number 
of  sepals   (Nsp);  number  of  petals  ([Npe);  number  of 
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Table 4. Phenotypic traits profiling showing the most discriminant quantitative variables. 
 

N° Variable PC1 PC2 PC3 PC4 PC5 
1 Ccl -0.83 -0.33 0.21 -0.02 -0.09 
2 Hpf -0.17 0.46 0.33 0.66 0.22 
3 Cfc -0.71 -0.46 0.16 -0.03 0.01 
4 Htp -0.53 0.32 0.29 0.38 -0.39 
5 Nbf 0.27 0.58 -0.46 0.05 0.02 
6 LoE 0.50 0.47 -0.03 -0.30 -0.17 
7 Llb -0.69 0.22 0.45 -0.27 0.13 
8 Lab -0.63 0.63 0.14 0.03 -0.10 
9 Nfi 0.75 -0.22 0.14 0.26 0.08 

10 Net -0.59 0.22 -0.52 0.27 0.31 
11 Nsp -0.59 0.22 -0.52 0.27 0.31 
12 Npe -0.59 0.22 -0.52 0.27 0.31 
13 Nfr 0.79 -0.29 0.04 0.18 0.00 
14 Dif -0.64 -0.06 -0.12 -0.41 -0.16 
15 Efr 0.03 0.76 0.02 -0.32 0.34 
16 Pfr -0.41 -0.34 -0.41 0.01 0.56 
17 Nbl -0.89 -0.15 -0.14 0.15 0.08 
18 Ngr -0.33 0.05 -0.69 0.17 -0.55 
 Eigen value 5.72 2.53 1.66 1.25 1.13 
 PV 35.76 15.81 10.38 7.83 7.08 
 CPV 35.76 51.57 61.95 69.78 76.86 

 

Ccl: Flowering cycle; Cfc: fruiting cycle; Nsp: number of sepals; Npe: number of petals; Net: number of stamens; Lpe: petiole length; Llb: length 
of leaf; Lab: width of leaf; Hpf: height of the plant at flowering; Nfr: number of fruits; Nbl: number of fruit lobes; Dif: diameter of the fruit; Efr: 
Fruits hickness; Pfr: weight of the fruit; Ngr: number of grains per fruit; LoE: Internodes length; Nbf: Number of fruiting stem, Ev: Eigen value, 
PV: Percentage of variance, CPV: Cumulative percentage of variance 

 
 
 
stamens (Net); number of fruits (Nfr); diameter of the fruit 
(Dif); weight of the fruit (Pfr); number of seeds per fruit 
(Ngr) and number of flower per inflorescence (Nfi)) were 
significantly correlated with the first components 
accounted for 35.76% of the total variation. The second 
principal component explained 15.81% of the total 
variation and associated with the number of fruiting stem 
(Nbf) and Fruits thickness (Efr). The third factor 
accounted for 10.38% of the total variation and was 
mainly correlated with number of seeds per fruit (Table 
4). The fourth component is linked to the plant height at 
flowering (Hpf) stage, while the last component (PCA 5) 
is only associated with fruits weight (Pfr) (Table 4). 
 
 
Variation between the most discriminatory 
quantitative variables 
 
All discriminant variables are highly determinate (R2 ≥ 
30%). The large differences observed between the 
statistical parameters (minimum and maximum) and the 
large values of coefficients of variation explain the great 
heterogeneity existing within Benins accessions of scarlet 
eggplants. The most significant variations were  observed 

for the fruiting criteria, in particular the number of fruits 
per plant, the weight of the fruits, the number of seeds 
per fruit and the number of fruit lobes while the smallest 
variations are recorded for the floral parts (petals, sepals 
and stamens number). The flowering cycles of the 
studied accessions varied from 34 to 53 days after 
transplanting with the Gbitchangodo (A2), Gboyigouroto 
(A12) and Koklozingbo (A23) accessions having the early 
flowering cycle and Sambini (Djougou, A57) and Gabta 
(A48) accessions the later cycle. It is very important to 
point out that flowering occurs when the plants have an 
average height of 0.37 m and fruiting when they are 0.67 
m in height. The leaves length generally varies between 
7.8 and 26.8 cm while their width varies from 6.8 to 25.1 
cm. Accessions Yekan (A28), Yekantchan’tchayé (A42), 
Kpaanoulaka (A24) and Gabta (Cotiakou, A56) presented 
the longer and wider leaves. A minimum value of 1.6 cm 
was recorded for the diameter of the fruit, while the 
maximum value was 11.5 cm. The net weight of the fruits 
varied from 15.76 to 176.43 g with an average number of 
715 seeds per fruit (Table 5). Accessions Samibi (N’dali,  
A19), Ikangougou (A53), Kannan (A34) and Yètchanmiyé 
(A27) presented the higher fruit weight and number of 
seed per fruit.   



 96          J. Plant Breed. Crop Sci. 
 
 
 

Table 5. Performance of the accessions studied for the various quantitative characteristics. 
  

Variable Minimum Maximum Mean CV (%) R2% F value P value 
Ccl 34 53 46.8 19.60 65.6 3.71** <0.0001 
Cfc 54 62 53.9 34.66 52.8 2.45** <0.0001 
Dif 1.6 11.5 5.0 52.06 92.6 16.94** <0.0001 
Nbf 4.46 18.32 8.5 22.08 86.9 14.43** <0.0001 
Htp 0.67 1.01 0.7 21.74 63.7 2.98** <0.0001 
Hpf 0.37 0.54 0.5 22.08 86.9 14.43** <0.0001 
Lab 6.8 25.1 14.7 34.89 69.5 2.93** <0.0001 
Llb 7.8 26.8 17.8 31.17 64.9 3.68** <0.0001 
LoE 2.3 5.9 4.0 24.97 56.2 2.19** <0.0001 
Nbl 1 10 5.0 67.67 57.8 2.43** <0.0001 
Net 5 10 7.1 35.55 69 4.23** <0.0001 
Nfi 2 4 2.4 24.15 61.1 3.33** <0.0001 
Efr 2.07 4.66 3.4 16.87 88.00 14.58** <0.0001 
Nfr 2 103 12.0 65.01 58.9 2.33** <0.0001 
Ngr 147 1645 715.0 83.87 70.3 3.21** <0.0001 
Npe 5 6 5.4 9.30 51.7 2.68** <0.0001 
Nsp 5 6 5.4 9.30 51.7 2.68** <0.0001 
Pfr 15.76 176.43 50.5 78.78 89.1 12.23** <0.0001 

 
 
 
Phenotypic correlations among the quantitative 
variables 
 
Positive correlations were observed between the 
flowering cycle (Ccl), the fruiting cycle (Cfc), the length of 
the blade (Llb) and the height of the plant at flowering 
stage (Hpf) (Figure 4). An important positive link exists 
between the floral parts (sepal, petal and stamen) and 
some fruits characteristics including the number of lobes 
(Nbl), seeds, weight (Pfr) and fruits diameter (Dif) (Figure 
5).  

The number of fruits per plant (Nfr) was positively 
linked to the number of fruiting branches (Nbf). There is 
also a slight correlation between the leaves length (Llb) 
and width (Lab) as well as between the number of fruit 
lobes (Nbl) and the number of seeds (Ngr) and the fruits 
weight (Pfr). In addition, a very high correlation was 
observed between flowers parameters including the 
number of sepal (Nsp), petal (Npe) and stamen (Net) per 
flower (Figure 4). 
 
 
Classification of scarlet eggplant accessions 
 
The projection of variables and individuals in the principal 
component analysis plan revealed heterogeneity within 
the accessions studied (Figure 5). However, a more or 
less absolute similarity can be observed between the 
accessions around three groups of variables (Figure 5). 
Thus, the number of fruits per plant (Nfr) and the  number  

of flowers per inflorescence (Nfi), positively associated 
with axis 1 (Dim1) seem to be characteristic of a given 
accession group. Likewise, this deduction is valid for the 
group of variables positively correlated with this same 
axis and associated with axis 2 (Dim2).  

From the cluster analysis based on the similarity using 
the discriminatory phenotypic variables, the 60 
accessions evaluated were grouped into 3 clusters 
(Figure 6). The first cluster was made up of 23 accessions 
while the second and the third were contained 13 and 24 
accessions (Figures 6 and 7).  The three clusters of 
scarlet accessions obtained were significantly different in 
terms of flowering cycle, height of the plant at flowering, 
number of flowers per inflorescence, number of fruit 
lobes, number of fruits, and fruit diameter (Table 6). The 
accessions grouped in the first cluster were characterised 
by their late flowering, late fruit setting, large fruits, high 
number of fruit lobes, short internodes length, low 
number of fruiting stem, low number of flowers per 
inflorescence, and low number of fruits per plant. 
Accessions characterised the second cluster with early 
flowering, small fruit, low height of the plant at flowering 
and fruiting stage, short leaves, low number of stamens 
per flower, high number of flowers per inflorescence, and 
high number of fruits per plant. The third cluster grouped 
accessions with thick fruits and high height of the plant at 
flowering stage compared to the other cluster. However, 
there is also a slight variability between different 
accessions of the same cluster considering the most 17 
discriminant variables (Figure 8). 
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Figure 4. Correlation plot showing the relationship among the 18 quantitative variables. Ccl: flowering cycle; Cfc: fruiting 
cycle; Nsp: number of sepals; Npe: number of petals; Net: number of stamens; Lpe: petiole length; Llb: length of leaf; Lab: 
width of leaf; Hpf: height of the plant at flowering; Nfr: number of fruits; Nlb: number of fruit lobes; Dif: diameter of the fruit; 
Efr: Fruits hickness; Pfr: weight of the fruit; Ngr: number of grains per fruit; LoE: Internodes length, Nbf: Number of fruiting 
stem. 

 
 
 
DISCUSSION 
 
The diversity of cultivated plant based on morphological 
and agronomic parameters reveals diversity as local 
farmers perceive (Sawadogo et al., 2016; Djaha et al., 
2017; Gmakouba et al., 2018). It is the most practical 
approach for phenotypic eggplant differentiation when 
combined with a statistical tool, which estimates the 
effects linked to production conditions (Kouassi et al., 
2014; Sabatino et al., 2019). This study qualitative 
descriptors revealed significant morphological diversity 
within the eggplant accessions evaluated in Benin 
Republic. Several authors have also reported a high 
morphological diversity within scarlet eggplant in several 
West Africa countries (Osei et al., 2010; Bationo-Kandoet 

al., 2015; Sawadogo et al., 2016). This high diversity is 
possibly caused by allogamy rating more than 65% in 
scarlet eggplant accorging to Sawadogo et al. (2016). In 
addition, most of the morphological characters are under 
the control of genes with additive effects. This statement 
seems to be suitable for explaining the phenotypic 
variabilities observed with regard to categorical 
phenotypic traits in Beninese scarlet eggplants. 

As for the quantitative criteria, the significant 
differences between the means of each discriminant 
variable and the high coefficients of variation indicate a 
high heterogeneity within the evaluated accessions. 
Several studies have also revealed a great diversity 
between scarlet eggplant accessions with regard to 
quantitative  characters  (Sawadogo  et  al.,   2016).  This  
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Figure 5. Biplot of variables and accessions considering the first two components. 
 

 
 

 
 
Figure 6.  Cluster plot of accessions using discriminant quantitative variables. 
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Figure 7. Cluster dendrogram of accessions using discriminant quantitative variables. 

 
 
 

Table 6. Distinctive characteristics of accession groups. 
 

Variable 
Cluster 1 Cluster 2 Cluster3 

P value 
Mean ± ES Mean ± ES Mean ± ES 

Ccl 50.74 ± 0.55c 36.92 ± 0.70a 41.67 ± 0.62b 0.000 
Cfc 58.57 ± 0.75b 46.69 ± 0.80a 48.46 ± 0.94a 0.004 
Dif 6.64 ± 0.71c 2.87 ± 0.31a 4.42 ± 0.24b 0.000 
Efr 3.27 ± 0.13a 3.21 ± 0.52a 6.03 ± 0.43b 0.000 
Hpf 0.56 ± 0.02b 0.48 ± 0.03a 0.65 ± 0.02c 0.000 
Htp 0.86 ± 0.05b 0.60 ± 0.03a 0.80 ± 0.02b 0.001 
Lab 18.09 ± 0.5b 11.08 ± 1.12a 19.13 ± 0.70b 0.006 
Llb 21.45 ± 0.6b 13.09 ± 0.91a 19.58 ± 0.51b 0.007 
LoE 3.66 ± 0.11a 4.67 ± 0.35b 4.98 ± 0.16b 0.000 
Nbf 3.70 ± 0.37a 5.39 ± 0.37b 6.42 ± 0.24b 0.000 
Nbl 7.48 ± 0.47c 1.31 ± 0.31a 3.63 ± 0.48b 0.000 
Net 8.04 ± 0.52b 5.39 ± 0.39a 7.92 ± 0.51b 0.003 
Nfi 2.65 ± 0.10a 4.39 ± 0.29c 3.29 ± 0.22b 0.000 
Nfr 4.87 ± 0.37a 59.20 ± 11.40c 18.46 ± 3.98b 0.000 
Ngr 733.70 ± 98.5a 520.70 ± 54.7a 643.20 ± 57.1a 0.807 
Pfr 56.49  ± 5.46a 33.41 ± 4.27a 44.80 ± 10.20a 0.159 

 

The means in the same row followed by different letters are significantly different (p ˂ 0.05). 
 
 
 
diversity is much more determined by the fruits criteria 
such as the number of fruits per plant, the diameter, the 
weight of the fruits and the number of seeds per fruit. 
Several authors have reported similar results (Osei et al., 
2010; Kouassi et al., 2014; Plazas et al., 2016; Wahua 
and Olaleye, 2017; Sseremba et al.,  2017).  However,  in 

Burkina Faso, the number of flowers per inflorescence 
was mentioned as the most discriminating variable 
(Sawadogo et al., 2016). Accessions Samibi (N’dali, 
A19), Ikangougou (A53), Kannan (A34) and Yètchanmiyé 
(A27), which presented the high fruit weight could be 
used  as  source  of  genes  in  a   breeding   program  for  
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Figure 8. Pheatmap showing individual main characteristics of each accession under different clusters. Ccl: flowering cycle; Cfc: fruiting 
cycle; Nsp: number of sepals; Npe: number of petals; Net: number of stamens; Lpe: petiole length; Llb: length of leaf; Lab: width of leaf; 
Hpf: height of the plant at flowering; Nfr: number of fruits; Nlb: number of fruit lobes; Dif: diameter of the fruit; Efr: Fruits thickness; Pfr: 
weight of the fruit; Ngr: number of grains per fruit; LoE: Internodes length, Nbf: Number of fruiting stem.  
Color reading:]-2 ; -1]: Very low,  [-1 ; 0]: Low; ]0 ; 1]: Average;  ]1 ; 2]: High,  ]2 ; 3]: Very high; ]3; +∞[: Profuse. 

 
 
 
creation of high yielding varieties. Similarly, the significant 
positive correlations between scarlet eggplant yield 
parameters must be considered during improvement 
through selection (Plazas et al., 2016). 

Being approved that there is a great interdependence 
between different stages of plant development 
(Anjarwalla et al., 2016), it is reasonable to observe 
strong correlations between the measured quantitative 
variables (Danquah and Ofori, 2012). The yield in 
photosynthetic reserve depends not only on the available 
vegetative mass (Adeniji et al., 2019) but also on 
geophysical conditions (Chiemela and Ricardo, 2015). 
This assertion was confirmed on the accessions of 
Kumba (bitter eggplant) from Burkina Faso (Sawadogo et 
al., 2016). According to Chiemela and Ricardo (2015) 
there are very often important interactions notably 
between environments and plant phenotypes. However, 
the principal component analysis and the hierarchical 
clustering showed a random distribution of accessions 
throughout the study area.  

The three eggplant groups (Gilo, Kumba, and Shum) 
revealed in our collection approves the  existing  diversity 

in West Africa (Fondioet al., 2015; Wahua and Olaleye, 
2017). It is known that here is a highly significant 
difference between scarlet eggplant groups (Bationo-
Kandoet al., 2015; Wahua and Olaleye, 2017). In Benin, 
the Gilo produces more fruits of medium size and weight 
than the Kumba, whose fruits are large with a high 
weight. Similarly, within the Shum group's accessions, 
the fruits are very small compared to the Gilo and the 
Kumba. The Shum group has the bitterest fruits and the 
seed content is associated with this bitter (San José et 
al., 2016). This is also due to the fact that the mucilage 
surrounding the seeds contains high level of saponins 
and alkaliods (Chinedu et al. 2011; Ayodele, 2018). 
These observations confirm the results of recent studies 
conducted in Burkina Faso (Sawadogo et al., 2016), and 
Tanzania (Adeniji et al., 2019). 
 
 
Conclusion 
 
Our results showed that scarlet eggplant from the 
Republic  of  Benin  offer enormous potential for breeding  



  
 
 
 
programs through significant phenotypic variation 
revealed within the 60 accessions. Scarlet eggplant 
accessions was classified in three groups corresponding 
to Gilo (sweet), Kumba (bitter) and Shum (very bitter) 
groups. Yekan and Yekantchan’tchayé accessions with 
their long and broad leaves presented valuable potential 
for future scarlet breeding program as vegetables. While, 
Samibi, Ikangougou, Kannan and Yètchanmiyé 
accessions could be promoted to boost the production of 
scarlet eggplant fruits. The various information obtained 
on the morphological diversity of scarlet eggplants 
cultivated in the Republic of Benin will be very useful for 
the conservation and improvement of this vegetable. 
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