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ABSTACT

The need for improved aubergine varieties is increasing because of climate change’s effects such as
drought. To solve this problem, the use of wild ancestor of aubergine, Solanum insanum, as a source of genes
seems appropriate since this species is found in various climates. The objective was to obtain aubergine
genotypes with genes from the wild species, S. insanum, giving them the ability to adapt to drought. Drought
tolerance of accessions from Solanum melongena and Solanum insanum and their F1 progeny was assessed using
16 phenotypic descriptors. Variance and genetic parameters (heritability (h?), genotypic (GCV) and phenotypic
(PCV) coefficients of variation, correlations) relating to growth dynamics were estimated. F1 hybrids exhibited
better drought tolerance abilities than parental accessions. The values of floral characteristics of these hybrids
were higher in dry season. This favoured reproduction at expense of vegetative growth. Finally, high differences
between GCV and PCV corroborated by low values of h? show that plant selection based on growth dynamics
would be ineffective for improving aubergine against drought. Development of plant organs determined by genes
with pleiotropic effects is reflected by contrasting values of genotypic and phenotypic correlations.
© 2022 International Formulae Group. All rights reserved.
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INTRODUCTION

Aubergine, Solanum melongena, is an
important vegetable plant, particularly in the
tropics and subtropics of the world. It is one of
the 35 crops considered most important for
food security and, as such, is included in Annex
1 of the International Treaty on Plant Genetic
Resources for Food and Agriculture (Fowler et
al., 2003). Solanum insanum, the closest wild
ancestor of S. melongena, is found on different
continents such as Africa and Asia as well as in
a wide range of climatic conditions (Knapp et
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al., 2013; Vorontsova and Knapp, 2016; Ranil
et al., 2017). This species has mainly been
subjected to natural selection and the indirect
effect of human activities. It has therefore not
suffered a bottleneck due to domestication and
selection by humans. S. insanum would
therefore present a large allelic variation for
important agronomic characters as well as for
adaptation  to  various  environmental
conditions. Thus, it could play a major role in
the improvement of S. melongena.
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Aubergine genotypes capable of
adapting to changing environmental conditions
are few, or even non-existent. Indeed, none of
the commercial varieties of aubergine show
introgressions of genes from the wild ancestor
S. insanum. However, the need for improved
aubergine varieties is increasing with the
challenges imposed by the effects of climate
change such as droughts. In times of drought,
crop production is subject to reduced yields,
increased production costs and deterioration in
cultivation practices. In a context where water
resources are already scarce and are likely to
become scarcer, irrigation, as a means of
alleviating drought, has its own environmental
and economic costs. This option therefore
appears to be unsuitable for all scenarios; hence
the need to find effective means to increase or
at least stabilize crop production in the face of
new challenges due to climate change in order
to guarantee food security.

One of the means used is the genetic
improvement of plants. It consists in obtaining
improved varieties that are well adapted to the
restrictive conditions of the environment. In
particular for the cultivation of aubergine,
obtaining varieties with a capacity for tolerance
or resistance to drought appears to be a
promising way to deal with this problem. To do
this, the use of the wild ancestor of aubergine,
S. insanum, as a source of genes of agronomic
interest in breeding and variety creation
programs appears to be well suited (Kashyap et
al., 2003; Daunay and Hazra, 2012). Sexual
hybridization techniques between related
species can be an advantage in rapidly adapting
to the challenges of biotic and abiotic stresses.
These techniques could provide genotypes
with new combinations of genes to cope with
new environmental conditions (Becker et al.,
2013; Henry, 2014). With a view to improving
S. melongena for its adaptation to future
challenges facing its culture, in this case
drought, sexual hybridization has been carried
out. The use of interspecific hybridization
between S. melongena and its wild ancestor, S.
insanum, allowed introgressions of genes of
this species in S. melongena (Kouassi et al.,
2016; Plazas et al., 2016). Obtaining these new
genotypes leads to the expansion of genetic
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variability within the species S. melongena.
New genotypes obtained by  sexual
hybridization techniques can be characterized
and evaluated phenotypically. The dispersion
parameters of the phenotypic and genotypic
data such as the phenotypic and genotypic
coefficients of variation give indications on the
level of variability of the phenotypic
performances due to the differences between
the phenotypes and the genotypes, but do not
indicate the heritable and non-heritable part of
this variability (Sawadogo et al., 2016; Gai and
Lu, 2013). In fact, the higher the heritability
(h® of the traits, the more effective the
selection is and the association of the
phenotypic (PCV) and genotypic (GCV)
coefficients of variation with heritability
provides better information on the prediction of
phenotypic performance (Kabré et al., 2019;
Afful et al., 2020). It’s in this sense that this
study analyses the morphogenetic
characteristics of two accessions of the species
S. melongena and S. insanum, their
interspecific hybrid descendants (Fi) for
drought tolerance. The objective was to obtain
aubergine genotypes with genes from the wild
species, S. insanum, giving them the ability to
adapt to drought.

MATERIALS AND METHODS
Study site and plant material

This study was carried out in a research
station in Abidjan in the south of Céte d'Ivoire.
All the crosses and agro-morphological
characterizations in field conditions were
carried out on the experimental plots of the
general management of the National
Agronomic Research Centre (CNRA) of Cote
d'Ivoire located in Adiopodoumé 17 km from
Abidjan. The geographical coordinates of the
experimental field are 5 ° 19 '516 "North
latitude; 4 ° 08' 206" West longitude with an
altitude of 37 m. The climate of Abidjan is
characterized by four seasons, including two
rainy seasons and two dry seasons.

The plant material used for this study
consists of the 7145 accessions of S.
melongena (Figure 1) and the MM 498
accessions of S. insanum (Figure 2) as well as
the interspecific hybrid progeny (F1) between
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the accession S. melongena and that of S.
insanum (Table 1).

Methods
Production of F1 hybrid progenies

Manual hybridizations were carried out
between the accessions (7145 of S. melongena
and MM 498 of Solanum insanum) to obtain
interspecific hybrids (F1) (Kouassi, 2019;
Figure 3). The accession of S. melongena has
been used as a female parent in performing
interspecific hybridizations.
Agro-morphological character
measurements
Plants were characterized from 16 agro-
morphological characters derived from the
aubergine descriptor (IBPGR, 1990). These
characters are distributed as follows: three
architectural parameters of the plant, four leaf
parameters, four flowering parameters and five
characteristics of the fruit (Table 2). The
measurements of vegetative growth traits were
made 3 and 10 weeks after transplanting the
seedlings to the field (coded respectively 3
SAR and 10 SAR). Floral characters were
evaluated on three to four inflorescences
selected at random per plant. When the
inflorescence consists of more than 3 flowers,
the stamens were counted on 3 flowers also
chosen at random. Fruit characters were
measured on 3 to 4 fruits per plant.

Data analysis

The development rates of the vegetative
growth parameters (height, width and
branching of the plant, length and width of the
blade, length and thickness of the petiole) were
calculated to evaluate the growth dynamics of
the plants according to the following formula:

(Average vegetative growth parameter at 10SAR —

average vegetative growth parameter at 3SAR)

average vegetative growth parameter at 3SAR

The drought tolerance of each genotype
was also assessed through the calculation of
drought tolerance scores for each vegetative
growth and production parameter through the
reports:
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Rainy season development rate

Dry season development rate '

for vegetative growth parameters and

Average value of the production parameter

in the rainy season

Average value of the production parameter in

the dry season

for production characteristics (Kouassi et al.,
2020). The resulting drought tolerance scores
were compared to the baseline 1 using a single
sample t test. For each of the agro-
morphological characteristics measured, when
the ratio between the data obtained in the rainy
season and those obtained in the dry season is
equal to 1, this means that the genotype
considered has similar values during the two
seasons. When this ratio is greater than 1, this
indicates that the genotype considered has a
higher value for this characteristic in the rainy
season. When this ratio is less than 1, it means
that the value of this characteristic in the dry
season is higher than that obtained in the rainy
season. The genotype was considered to be
drought tolerant when the score obtained is less
than or equal to the reference value 1 (Kouassi
et al., 2020). All statistical analyses were
performed using IBM SPSS Statistics 22.0
software (IBM corp. Armonk, NY, USA). The
variance component estimates were performed
using a linear mixed model based on the
Restricted Maximum Likelihood Method
(REML) (Patterson and Thompson, 1971;
Kruuk, 2004; Mrode, 2005). The calculations
of the variance - covariance matrices as well as
the matrices of genotypic and phenotypic
correlations were made using the Variance
Components Estimation (VCE) package,
version 6.0.2 (Groeneveld et al., 2010).

The variance - covariance matrices
provided by the VCE 6.0.2 package allowed
the calculation of heritability in the strict sense
(h?) as well as the phenotypic (PCV) and
genotypic (GCV) coefficients of variation.
GCV and PCV are low when values are less
than 11%, moderate between 11 and 20% and
high for values greater than 20% (Sumathi et
al., 2010). The formulas for the calculation of
genetic parameters are as follows:
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2
h2= Z_; . PCV = (@)noo , GCV =

p

(JE) x100 et r = L&V
’ o2x o?,

Where: 6%, is the additive variance and ¢?p the
phenotypic variance, u the character average;
cov (X, y) is the covariance between 2
characters x and y, ¢ is the variance of the
character x and % is the variance of the
character y.

A: Plant, B: flower and C: fruit.

Figure 1: Accession 7145 (code MEL4) of auberginé, Solanum melongena.

Scale: the bar of image A represents 10 cm in reality, the bar of image B represents 2 cm in reality and the bar of image C

represents 5 cm in reality

melongena.

A: Plant, B: flower and C: fruit.
Scale: the bar of image A represents 10 cm in reality, the bar of image B represents 2 cm in reality and the bar of image C
represents 5 cm in reality
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Table 1: Parental accessions and interspecific hybrid offspring (F1) whose phenotypic characteristics

were measured in the field.

Species Accession Code Generation  Origin

S. melongena 7145 MEL4 P Sri-Lanka
S. insanum MM 498 INS3 P Japon

- 7145 x MM 498 MEL4 x INS3 Fy -

P : parental accessions, F; : interspecific hybrid

Table 2: Agro-morphological descriptors used for the phenotypic characterization of parental
accessions and interspecific hybrid progeny.

N° Descriptor Unit (SI) Code Organ Descriptor type
1 Plant height cm HTPL
2 Plant width cm LGPL Plant
3 Number of Branches — RAM
4 Leaf blade length cm LLIM Vegetative growth
5 Leaf blade width cm LGLIM
Sheet
6 Petiole length cm LPET
7 Petiole thickness mm EPET
8 Flowering time TFLO
9 Number of flowers / inflorescence — NFLIN Floral
10  Relative length of style LRSTY  Phenology
11 Number of stamens — NETA
12 Length of the fruit cm LFR Production
13 Width of the fruit cm LGFR
14 Length of the pedicel of the fruit cm LPFR Fruit
15  Fruit pedicel thickness mm EPFR
16  Fruit mass g MFR

Sl : International system
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Figure 3: Different stages of carrying out manual pollination in aubergine.

A: collection of pollen from the stamens of the plant chosen as the male parent; B: choice of a flower bud from the plant used
as the female parent; C: opening of the flower bud; D: emasculation of the flower chosen as female; E: emasculated flower;
F: Manual pollination; G: labelling; H: isolation of the pollinated flower; I: Setting of the flower pollinated manually.

Scale: each bar represents 2 cm in reality; Source Kouassi, 2019.
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RESULTS

Drought tolerance of agro-morphological
characteristics in interspecies hybrid and
parental accessions

The MEL4 x INS3 interspecific hybrid
offspring had drought tolerance scores (R1)
less than or equal to 1 (R1 < 1). These hybrids
therefore exhibited faster vegetative growth in
the dry season than in the rainy season. On the
other hand, with the exception of plant height
(HTPL) and petiole thickness (EPET),
interspecific hybrids exhibited smaller values
which indicate better drought tolerance scores
(R1 <1) than the parental accessions INS3 and
MEL4 (Table 3). For both the interspecific
hybrid and the parental accessions INS3 and
MELA4,

Flowering time (TFLO) was shorter in
the dry season than in the rainy season (R2 <1).
Flower characteristic values of number of
flowers per inflorescence (NFLIN) and relative
style length (LRSTY) were higher in the dry
season than in the rainy season. However, the
F1 hybrid progeny exhibited better drought
tolerance scores (R2 = 1) than the parental
accessions INS3 and MEL4 (R2> 1) (Table 4).
With the exception of fruit mass (MFR), the
interspecific hybrid showed lower values of
fruit characteristics in the dry season than in the
rainy season. Drought tolerance scores on fruit
length and width (LFR and LGFR) were better
(R2 = 1) in the interspecific hybrid. Drought
tolerance scores of fruit pedicel length and fruit
mass (LPEFR and MFR) on the one hand and
fruit pedicel thickness (EPEFR) on the other
were better in parental accessions INS3 and
MEL4 (Table 4).

Estimates of variance components and
genetic parameters related to the growth
dynamics of vegetative growth
characteristics

The coefficients of phenotypic variation
(PCV) were higher than the coefficients of
genotypic  variation (GCV) for the
development rates of vegetative growth traits.
GCV values range from 19.99% for plant width
development rate (LGPL) to 56.40% for leaf
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petiole thickness development rate (EPET).
The lowest PCV value was 45.65% for branch
development rate (RAM). The differences
between PCV and GCV ranged from 14.83%
for the branch development rate (RAM) to
122.54% for the petiole length development
rate (LPET). These differences were generally
high (Table 5).

Heritability values for development
rates of vegetative growth parameters were all
less than 0.50. Indeed, the highest heritability
value (0.46) was observed for the rate of
branching development. The lowest values of
heritability were observed for the rate of
development of the length of the petiole (0.04)
as well as the height (0.07) and the width (0.10)
of the plant (Table 5). No significant
phenotypic correlation was observed between
development rates of plant height (HTPL),
width (LGPL) and branching (RAM) and
development rates of other vegetative growth
parameters. The genotypic correlations were
overall negative.

However, the rate of development of
plant height (HTPL) was positively correlated
with those of plant width (rg = 0.99) and petiole
length (rg = 0.71). The plant width
development rate (LGPL) was also positively
correlated with that of petiole length (rg =
0.71). Positive genotypic correlations were
also observed between the rate of branching
development and those of length (rg = 0.91)
and width of the blade (rg = 0.92), and
thickness of the petiole (rg = 0.91) (Table 6).
The phenotypic correlation coefficients (rp)
between the development rates of blade length
and width (LLIM and LGLIM), petiole length
and thickness (LPET and EPET) were positive
and all greater than 0, 50. The genotypic
correlations between the development rates of
these parameters were also very strong. They
were greater than 0.90 with the exception of
those between the rate of development of the
length of the petiole (LPET) and respectively
those of the length of the blade (rg = 0.06), of
the width of the blade (rg = 0.08) and the
thickness of the petiole (rg = 0.11) (Table 6).
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Table 3: Drought tolerance scores for vegetative growth characteristics in INS3 and MEL4 accessions
and their interspecific hybrid progeny.

Genotypes
INS3 MEL4 MEL4 x INS3
HTPL Tolerance score (R1) 0.58 0.99 0.71
T; (P) -4.02; (0.06) 0.32;(0.78) -0.89; (0.47)
LGPL Tolerance score (R1) 0.77 0.66 0.39
T; (P) -1.35; (0.31) -0.76; (0.53) -4.36; (0.05)
RAM Tolerance score (R1) 2.84 1.33 0.70
T; (P) 86.00; (0.00) 2.60; (0.12) 1.09; (0.39)
LLIM Tolerance score (R1) 0.66 0.94 0.06
T; (P) -0.49; (0.67) 0.84; (0.49) -52.37; (0.00)
LGLIM Tolerance score (R1) 0.47 0.63 0.02
T; (P) -4.20; (0.05) 0.52; (0.66) -63.61; (0.00)
LPET Tolerance score (R1) 2.63 6.74 0.11
T; (P) 14.06; (0.01) 89.16; (0.00) -33.12; (0.00)
EPET Tolerance score (R1) 3.17 0.50 0.67
T; (P) -17.12; (0.00) 9.21; (0.01) -0.11; (0.92)

In bold, the R1 ratio values significantly less than or equal to 1; T: value of the statistic associated with Student's t test; P:
probability value associated with Student's t test. R1 = 1, signifies that the considered genotype has similar values during the 2
seasons; R1 <1, signifies that the value of this characteristic in the dry season is higher than that obtained in the rainy season; R1>
1, indicates that the value of this characteristic in the rainy season is higher than that obtained in the dry season.

Table 4: Drought tolerance scores of production parameters in INS3 and MEL4 accessions and their
interspecific hybrid progeny.

Genotypes
INS3 MEL4 MEL4 x INS3

TELO Tolerance score (R2) 1.27 1.11 1.08
T; (P) 0.51; (0.66) 1.98; (0.19) 1.52; (0.27)

NELIN Tolerance score (R2) 0.86 1.20 0.84
T; (P) -1.66; (0.24) 0.65; (0.58) -1.96; (0.19)

Tolerance score (R2) 0.93 1.07 0.11
LRSTY T; (P) 0.75; (0.53) 0.51; (0.66) -5.00; (0.04)

NETA Tolerance score (R2) 0.96 1.16 1.11
T; (P) -0.24; (0.83)  -1.43;(0.29) -0.07; (0.95)

LER Tolerance score (R2) 1.26 1.20 1.06
T; (P) 3.39; (0.08) 0.66; (0.58) 0.91; (0.46)

LGER Tolerance score (R2) 1.35 1.28 1.08
T; (P) -3.81; (0.06) 0.93; (0.45) 2.60; (0.12)

LPEFR Tolerance score (R2) 0.58 0.87 1.23
T; (P) -3.51; (0.07) 1.80; (0.21) 1.78; (0.22)

EPEFR Tolerance score (R2) 1.54 0.16 1.10
T; (P) 5.28; (0.03)  -97.00; (0.00) 1.98; (0.19)

Tolerance score (R2) 0.51 1.36 0.63

MFR -31.63; . )

T; (P) (0.00) 2.48; (0.13) 1.13; (0.38)

In bold, the R2 ratio values significantly less than or equal to 1; T: value of the statistic associated with Student's t test; P:
probability value associated with Student's t test. R2 = 1, signifies that the considered genotype has similar values over the 2
seasons; R2 <1, means that the value of this characteristic in the dry season is higher than that obtained in the rainy season; R2>
1, indicates that the value of this characteristic in the rainy season is higher than that obtained in the dry season.
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Table 5: Variance components, mean values and genetic parameters of development rates of

vegetative growth characteristics.

Deviation

B H GOV (%) PCV(H)  pevgey) h? + ES
HTPL 082 1106 2.48 36.62 134.18 97.57 0.07 +0.09
LGPL 024 233 243 19.99 62.80 42.80 0.10 + 0.05
RAM 118 259 352 30.82 4565 14.83 0.46 + 0.36
LLIM 024 087 1.05 46.04 88.50 42.46 0.27+0.31
LGLIM 021 072 088 52.41 96.41 44.00 0.30 +0.41
LPET 002 049 0.6 30.06 152.61 12254 0.04 +0.27
EPET 015 060 0.68 56.40 113.66 57.26 0.25 +0.36

o?a: additive variance, o?p: phenotypic variance, u: character average, GCV: coefficient of genotypic variation, PCV:
coefficient of phenotypic variation, h2: heritability in the narrow sense, ES: standard error.

Table 6: Genotypic and phenotypic correlation coefficients between development rates of vegetative

growth parameters.

HTPL LGPL RAM LLIM LGLIM LPET EPET

HTPL 1 0.99 -0.77 -0.62 -0.60 0.71 -0.57
LGPL 0.13 1 -0.77 -0.62 -0.60 0.71 -0.57
RAM -0.07 0.02 1 0.91 0.92 -0.23 0.91
LLIM 0.12 0.33 0.05 1 0.99 0.06 0.99
LGLIM 0.12 0.29 0.02 0.93 1 0.08 0.99
LPET 0.13 0.31 -0.21 0.66 0.63 1 0.11
EPET 0.09 0.27 0.05 0.86 0.80 0.61 1

The genotypic correlation coefficients in the upper triangle and the phenotypic correlation coefficients in the lower
triangle; in bold, the correlation coefficients greater than 0.5 in absolute value.

DISCUSSION

For all vegetative growth parameters,
the F1 hybrids exhibited better drought
tolerance scores (less than 1) than those of the
parental accessions MEL4 and INS3. The work
of Prohens et al. (2012), Kaushik et al. (2016)
as well as the results of the present study
showed, for vegetative growth characteristics,
the existence of a heterosis effect in
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interspecific hybrids between eggplant and
related wild species. This vigorous vegetative
growth could explain the fact that the hybrid
MEL 4 x INS3 expresses drought tolerance
abilities. According to Clavel et al. (2005) and
Toudou et al. (2017), these good drought
tolerance skills could result from the
maintenance, in the plant, of important
physiological functions such as growth when
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drought sets in. This is a strategy that is
therefore induced in that it would only develop
when the plant is facing water stress. Both for
the interspecific hybrid and for parental
accessions, early flowering was observed in the
dry season compared to the rainy season. This
observed precocity could be explained by an
induction of flowering when drought occurs.

Indeed, like many plants, seasonal
variations in temperature and hygrometric
variations are likely to trigger flowering in
aubergine (Hames, 2008; Ubi et al., 2014). In
addition to the early flowering, the interspecies
hybrid had floral characteristics such as the
number of flowers per inflorescence and the
relative length of the style higher in the dry
season than in the rainy season.

Thus, the dry season imposes stress
conditions such as heat and reduced water
availability in the soil, the perception of which
by the plant could trigger a survival
mechanism. This mechanism would cause the
plant to promote reproduction to the detriment
of vegetative development, hence the early
onset of flowering and the increase in floral
characteristics. Increasing these parameters
could lead to increased fruit production in the
plant. However, the interspecific hybrid MEL4
X INS3 and parental accessions produced
smaller fruits in the dry season than in the rainy
season. This reduction in the size of the fruit in
the dry season could be explained by the fact
that after fertilization of the flower and
obtaining the fruit, the plant needs water for its
proper development (Hou et al., 2020).

The wvalues of the phenotypic
coefficients of variation (PCV) were higher
than those of the genotypic coefficients of
variation (GCV) for the development rates of
vegetative growth traits between the 3rd and
the 10th week after planting. These gaps were
generally high. These high differences between
PCVs and GCVs reflect a strong influence of
the environment on growth dynamics. These
high differences between GCVs and PCVs
were corroborated by relatively low values of
heritability in the strict sense which further
suggest that selection of plants on the basis of
development rates of vegetative growth
parameters would be inefficient for the plant,
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improvement of the aubergine in the face of
restrictive environmental conditions.
Correlation data is used to estimate the values
of other traits when selection is applied to a
given trait (Gai and Lu, 2013). Overall,
positive phenotypic and genotypic correlations
were observed between the development rates
of leaf characteristics. Thus, a selection
targeting for example an improvement in the
growth rate of the length of the blade will lead
to an increase in the growth rate of the other
leaf parameters. In contrast, genotypic
correlations were generally negative between
the rates of branch development and those of
plant height and width. This means that a
selection for increasing the speed of growth in
height of the plant for example it will lead to a
reduction in that of branching. These
contrasting values of the correlation
coefficients reflect the fact that all the organs
of each plant do not have the same
development dynamic, but ultimately reach
characteristic ~ dimensions ~ which  are
determined by genes with pleiotropic effects
and / or presenting complex interactions.

Conclusion

The objectives of this study were first to
assess the drought tolerance of parental
accessions and their F1 offspring. And second
to estimate the components of variance and
genetic parameters namely, heritability,
genotypic coefficients of variation, and
phenotypic, the genetic and phenotypic
correlation coefficients relating to the growth
dynamics of vegetative growth characteristics.
For all vegetative growth parameters, the F1
hybrid exhibited better drought tolerance
abilities than the parental accessions MEL4
and INS3. Regarding the production
parameters, both for the interspecific hybrid
and for the parental accessions, it was observed
an early flowering in the dry season compared
to the rainy season. This could therefore be
explained by an induction of flowering when
drought occurs. In addition, the interspecific
hybrid had floral characteristics such as the
number of flowers per inflorescence and the
relative length of the style higher in the dry
season than in the rainy season, which would
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cause the plant to favour reproduction at the
expense of the vegetative development hence
the early onset of flowering and the increase in
floral characteristics. Although the
interspecific hybrid MEL4 x INS3 and parental
accessions produced smaller fruits in the dry
season than in the rainy season, increasing
these parameters could lead to increased fruit
production in the plant. Finally, the high
differences between the GCVs and the PCVs
corroborated by relatively low values of
heritability in the strict sense show that the
selection of plants on the basis of the
development rates of the vegetative growth
parameters would be ineffective for the
improvement of the heritability. Aubergine in
the face of restrictive environmental
conditions. Negative phenotypic and genotypic
correlations were observed between the rates of
development of vegetative growth
characteristics between the 3 and the 10%
week after planting. These contrasting values
of the correlation coefficients reflect the fact
that all the organs of each plant do not have the
same development dynamics, but their final
characteristic dimensions are determined by
genes with pleiotropic effects and / or with
complex interactions.
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