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ABSTRACT

Pachira aquatica Aubl. is an important fruit-ornamental tree of Sint valley at risk of genetic erosion.
The objective of this work was to estimate correlations between fruit characteristics, seeds, and path
analyses for fresh fruit weight, for the purpose of genetic improvement. The treatments corresponded
to 10 trees; 10 random fruits of each tree were taken. Analysis of variance were performed for fixed
effects models, correlations and path analysis among the variables: fresh fruit weight, fruit length, fruit
peel weight, number of seed per fruit, weight of seed per fruit and weight and volume and density of a
seed. Statistical differences between trees were presented for all the characteristics, except for volume
of one seed. Genetic correlations were greater in magnitude (32.8%) and statistical significance than
phenotypic ones (29.7%). Seed weight showed high genetic correlation with seven characteristics
(rG>0.53). The fresh fruit weight showed significant and direct genetic correlations with five variables,
with correlation coefficients between 0.65* and 1.00**. The indirect effects explained the level of
association between fruit length, seed/fruit weight, and percentage of seed/fruit with fresh fruit weight.
The weight of peel/fruit exhibited greater direct and indirect effects on the fresh fruit weight in the two
path analysis. It is possible to increase the weight of seed/fruit, weight and volume of a seed indirectly
through the selection of trees with higher fresh fruit weight and/or peel/fruit weight, to improve yield
and physiological quality of the seed.

RESUMEN

Pachira aquatica Aubl. es un &rbol frutal-ornamental importante del Valle del Sini con riesgo de
erosion genética. El objetivo de este trabajo fue estimar correlaciones entre caracteristicas del
fruto, semillas, y andlisis de sendero para peso de fruto, con fines de mejoramiento genético. Los
tratamientos correspondieron a 10 arboles; de cada uno se tomaron 10 frutos al azar. Se realizaron
analisis de varianza para modelos de efectos fijos, correlaciones y andlisis de sendero entre las
variables: peso de fruto, largo de fruto, peso de cascara del fruto, nimero de semillas/fruto, peso de
semillas/fruto, porcentaje de semilla/fruto, y peso, volumen y densidad de una semilla. Se presentaron
diferencias entre arboles en todas las caracteristicas, excepto para volumen de una semilla. Las
correlaciones genéticas resultaron mayores en magnitud (32,8%) y significancia estadistica que las
fenotipicas (29,7%). El peso de una semilla acusé alta correlacion genética con siete caracteristicas
(rG>0,53). El peso fresco de fruto mostré correlaciones genéticas significativas y directas con cinco
variables, con coeficientes de correlacion entre 0,65* y 1,00**. Los efectos indirectos explicaron el
nivel de asociacion entre los caracteres largo de fruto, peso de semillas/fruto y porcentaje de semilla/
fruto con peso fresco de fruto. El peso de cascara/fruto exhibié mayores efectos directos e indirectos
sobre el peso fresco del fruto en los analisis de sendero. Es posible aumentar el peso de semillas/
fruto, peso y volumen de una semilla indirectamente, al seleccionar arboles con mayor peso fresco de
fruto y/o peso de cascara/fruto, para mejorar rendimiento y calidad fisiologica de la semilla.
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aquira aquatica s a tropical tree known as ‘cacao
de monte’. It is important because of its potential
use in the restoration of wetlands, degraded
soils and forests (Hernandez-Montero and Sosa,
2016) and as a fruit-ornamental tree (Li et al., 2009).
Fast-growing, dominant native and characteristic of
freshwater wetlands vegetation from Mexico to northern
Brazil (Infante-Mata et al., 2011). In Colombia, the wide
diversity of endemic, native, wild and exotic species of
shrub and forest of interest have been little researched
(Rivera-Martin et al., 2013). The research on P. aquatica
has focused mainly on the morphology of the fruit, seeds,
germination and seedlings (De Oliveira et al., 2007; Silva
et al,, 2012a), effects of light intensity and paclobutrazol
on tree growth (Hernandez-Montero and Sosa, 2016),
characterization of seed oil (Jorge and Luzia, 2012),
potential fungicidal effect of seed (Souza et al., 2014)
and floral morphometric variation (Ramirez et al., 2010),
among others. However, no studies were found related to
the correlations and path analysis between the biometric
characters of the fruit and the seeds of this species.

In the department of Cérdoba, Colombia, there are no
reports of P. aquatica in natural or planted populations.
Only isolated and dispersed trees have been observed
in urban, peri-urban or rural areas, which have grown
and developed spontaneously due to the dispersal of
their seeds and seedlings by animals and humans. As a
plant genetic resource, an increase in its use as a fruit-
ornamental tree is still to be seen.

In genetic improvement programs, the knowledge of the
magnitude, meaning, and nature of correlations, as well
as path analysis (Cruz, 2006; Cruz and Regazzi, 1997),
are necessary to increase the efficiency of selection and
estimate the genetic progress for several desirable traits
(Shafique et al., 2016, Marcal et al., 2015, Salla et al.,
2015). In addition, it is indispensable for the understanding
of the mechanisms of autecology, reproduction, dispersion,
succession, natural regeneration, collection and silvicultural
practices (Machado et al., 2016; Rodrigues et al., 2015).

The objective of this study was to estimate the correlations
between the biometric characteristics of the fruit and the
seeds, as well as the direct and indirect causal effects
of such variables with respect to the weight of the fruit in
P. aquatica Aubl.

MATERIALS AND METHODS

Location

The study was carried out in 2016, in the plant breeding
laboratory of the Universidad de Cérdoba, located in
Monteria-Cordoba, Colombia, in the middle of the Sinu
Valley, at 8°52'N latitude and 76°48'W longitude at a altitude
of 13 m (Palencia et al., 2006). The 10 trees of P. aquatica
are located in the urban and peri-urban area of the same city.

Plant material

Ten trees of P. aquatica were taken; from each one
random samples of 10 fruits of free pollination were
selected, for a total of 100 fruits. The trees were from 5
to 15 mtall, 10 to 25 old.

Evaluated traits

Nine biometric characteristics of fruit and seed were
measured: fresh fruit weight (FFW), fruit length (FL), fruit
peel weight (FPW), number of seeds per fruit (NSF), weight
of seeds per fruit (WSF), percentage of seeds per fruit
(PSF), weight of a seed (SW), volume of a seed (SV) and
density of a seed (SD).

FFW, FPW and WSF were measured in grams with a
precision balance; while FL and NSF, in centimeters and
units, respectively. The PSF was calculated as the WSF/FFW
ratio, expressed as a percentage. The SW as the average
in grams of a sample of five seeds taken at random from
each fruit. The SV in milliliters, as the average volume of
distilled water displaced by a sample of five seeds taken at
random from each fruit, and the SD by the ratio (SW/SV).

Statistical analyses

Ten trees (treatments) were chosen for availability and 10
fruits (repetitions) were randomly picked from each tree,
variance analysis (fixed effects model) were performed
for the nine response variables. In addition, estimates
of the coefficients of phenotypic, genotypic and pathway
correlations were made with the GENES software version
Windows GENES V.2016.6.0 (Cruz, 2016). Once the
correlation coefficients "r" were estimated, the statistical
significance was tested by the t test (Steel and Torrie, 1980)
at significance levels of 0.05 and 0.01.

Two path analyses were performed for the system: FFW

as variable effect (Y) in function of the causes variables:
FL (X1), FPW (X2), NSF (X3), WSF (X4) and PSF (X5).
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The two path analyses were originated with the matrices
of phenotypic and genotypic correlations between such
variables.

For the estimation of the direct effects in each path analysis,
GENES software uses a correlation matrix (phenotypic
or genetic: according to the interest), decomposes it and
organizes itinto P = A' R, where: A is the inverse of the
correlation matrix (between each of the cause variables), R
is the vector of correlation coefficients between the cause
variables with the effect variable, and P is the vector path
coefficients.

The decomposition of the correlation coefficients of each of
the causal variables with the effect variable (r, i=1,2, ...,5)
in its components: direct effect (P) and the indirect effect
(E), allows the estimation of the indirect effects of each
cause variable (E), from each of the following equations:

My = P, + E: for with FL

Moy = P, + E; for with FPW
ey = P, + E: for with NSF
ey = P, + E; for with WSF
Moy = P, + E;. for with PSF

The path coefficient due to residual effects or other
variables not considered in the study (h) is estimated by
the following equation:

h=[1=(Pr )~ (Puiay )~ Pty )~ (Puiy )~ Py ) |

RESULTS AND DISCUSSION

Analysis of variance and average values

The analysis of variance and average values for the
nine characteristics of the P. aquatica fruit appear in
Table 1. Except for weight of a seed (SW), the table
shows significant statistical differences (P<0.05 and
highly significant P<0.01) among the 10 trees, for the
variables: fresh fruit weight (FFW), fruit length (FL), fruit
peel weight (FPW), number of seeds per fruit (NSF),
weight of seeds per fruit (WSF), percentage of seeds per
fruit (PSF), volume of a seed (SV) and density of a seed
(SD), which shows genetic differences between trees, a
consistent result with the reported by Silva et al. (2012a)
en P. aquatica and in agreement with the concepts of
Pereira et al. (2011) in Hymenaea stigonocarpa, with
different number of tree, who point out that tropical trees
show great variability in the mentioned characteristics.

Table 1. Mean values and levels of statistical significance of the analysis of variance for nine biometric characteristics of the fruit and seeds

of P. aquatica trees.

Trees FFW FL FPW NSF WSF PSF SwW sV SD
(9) (cm) (9) (9) (%) (9) (mL)  (g/mlL)
1 687.4 bc 19.9ab  4826bc 400ab 2048ab 29.5ab 514 a 5.7 ab 111a
2 634.0¢c 18.9b 461.3¢ 36.7ab 1726b 272bcd  4.92a 4.9 bc 1.01 ab
3 659.8 bc 195ab  4609¢ 40.9ab 1989ab  30.3a 490a 47c¢ 0.96b
4 639.6 bc 19.4ab  4495¢ 39.7ab 190.1ab  29.9a 4.86a 4.8bc 1.00 ab
5 781.9ab 20.4 ab 5727ab  36.7ab 209.2ab  26.6cd 5.67 a 53abc  0.94b
6 654.8 bc 18.7b 470.0bc  369ab 184.8b 282abc  5.08a 5.7 ab 112a
7 736.8abc  19.0b 548.0abc 34.0b 188.8ab  25.5d 549a 54abc  0.99b
8 835.1a 21.1a 605.7 a 40.7ab 2294 a 275bcd  5.65a 6.0a 1.06 ab
9 7629abc 20.2ab  550.7abc 43.4a 2122ab  28.0abc  4.93a 5.0 bc 1.01 ab
10 740.9abc 20.1ab  5443abc 40.1ab 196.6ab  26.6cd 5.02a 52abc 1.04ab
L.S. * * *%k * * *% nS * *
Mean  713.32 19.71 514.56 38.91 198.75 27.93 5.16 5.27 1.02
CV (%) 19.67 9.69 19.86 19.03 21.26 8.66 15.97 17.99 11.65

FFW: fresh fruit weight; FL: fruit length; FPW: fruit peel weight; NSF: number of seeds per fruit; SWF: weight of seeds per fruit; PSF:
percentage of seeds per fruit; SW: weight of a seed; SV: volume of a seed; SD: density of a seed; CV: coefficient of variation; L.S.: level of
significance between samples or trees; ns: not significant; * and **: significant at 5 and 1% probability, respectively, according to the F test,
averages with the same letter are not statistically significant according to the Tukey test at 5% probability.
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The mean of FFW and FPW of tree number eight was
significantly higher than those of trees one, two, three and
four, but similar to those of trees five, nine and ten. The
FL of tree eight exceeded that of trees two, six and seven,
but was similar to that of the remaining ones. The SNF
presented only significant difference between tree seven
and tree nine. The WSF of tree eight only exceeded that
of trees two and six. The PSF of trees three and four was
superior to that of trees two, five, seven, eight and ten.
The SD of tree six was greater than that of trees three
and five. The averages presented in Table 1 are superior
to those found by De Oliveira et al. (2007) and Silva et
al. (2012a) in Brazil, who reported 317 g, 13 ¢cm, 39 and
12.5 g, for FFW, FL, NSF, SW, respectively (differences in
fertility, precipitation and pollination, among others). This
was expressed in a greater filling of fruits and seeds as
indicated by Hernandez-Montero and Sosa (2016). Also,
the genotype x environment interaction, which was due to
the location of the trees in different places of the same
selection area. The phenotypic variability presented at the
average level and the low coefficients of variation obtained
(<21.26%) demonstrate the reliability of the results and

corroborates the statements by Balcorta-Martinez and
Vargas-Hernandez (2004), in Gmelina arborea, when
their coefficients of variation are less than 25%.

Phenotypic and genotypic correlations

Only 19 phenotypic correlations (29.7%) and 21
genetic correlations (32.8%) were significant at 1%
or 5% probability, either directly or inversely (Table
2). Positive degrees of association were more
numerous in both types of correlations. Significant
genetic correlations were estimated between pairs
of variables among which there were no significant
phenotypic correlations: SW with FL and NSF and SV
with WSF. This is explained by a moderate influence
of environmental factors and/or non-additive genetic
factors, which negatively affect the true expression of
the level of correlation between the variables (Binotto
et al., 2010; Marcal et al., 2015).

These results partially agree with those reported by
Marcal et al. (2015), Cardona-Medina and Muriel (2015)
and corroborated by Cruz (2006) in the sense that the

Table 2. Phenotypic (rF) and genetic (rG) correlations between nine biometric characteristics of the fruit and seeds of P. aquatica.

VAR's r's FL FPW NSF
IF 0.83*  099* 0.18 ns
FFW G 0.88*  099*  -0.36ns
F 075*  056*
FL G 079*  0.63*
rF 0.06 ns
FPW G -0.48 ns
NSF {g
rF
WSF rG
rF
PSF G
rF
rF
sV i

WSF PSF Sw sV SD
0.83 ** -0.52* 0.76 ** 0.52 -0,11 ns
0.77 * -0.79 ** 1.00™  0.65* -0,13ns
0.93 * -0.07ns  0.49ns 0.35ns  -0,06 ns
1.00 ** -024ns 063" 0.35ns -0,11ns
0.73 * -0.65 * 0.78 ** 0.50 * -0,14 ns
0.69 * -0.86 ** 1.00 ** 0.62* -0,18 ns
0.56 * 0.56 * -0.40 ns 0.17ns 0,14 ns
0.35ns 0.96 ** -0.53* 0.03ns  0,21ns

0.04 ns 0.53* 0.45ns 0,03 ns
-021ns  064* 0.60 * 0,16 ns
-0.58 * 029ns  0,18ns
-1.00*  -0.51* 0,27 ns
0,67 * -0,12 ns
0,55 * -0,04 ns
0,66 *
0,81 *

VARs: Variables; r's: correlation coefficients; rF: phenotypic correlations; rG: genotypic correlations; ns: non-significant, * and ** significant
at 5 and 1% probability, respectively. FFW: fresh fruit weight; FL: fruit length; FPW: fruit peel weight; NSF: number of seeds per fruit; WSF:
weight of seeds per fruit; PSF: percentage of seeds per fruit; SW: weight of a seed; SV: volume of a seed; SD: density of a seed.
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phenotypic correlations have little practical value and
can lead to errors, considering genetic as environmental
effects, which according to these authors can lead to
an inefficient selection due to the masking effect of the
environment.

The FFW simultaneously exhibited significant phenotypic
and genetic correlations with six variables, while SW
correlated with other genetic variables except SD. The
correlation coefficients were positive and fluctuated
between 0.55* with DS and 1.00** with FFW, PSF and
FPW; while the correlation with NSF and PSF was negative,
with levels of genetic association of -0.53* and -1.00™*,
respectively. On the other hand, SV presented significant
and direct correlations with SW, WSF, FPW and FFW
(rG>0.55%) and inverse with PSF (rG=-0.51%), whereas with
FL and NSF, the correlation was not significant. The FFW
showed significant and direct genetic correlations with FL,
FPW, WSF, SW and SV, with coefficients ranging from
0.65* (SV) to 1.00** (SW), while the correlation with PSF
was significant and inverse (rG=-0.79"). The variable with
the lowest degree of association with others was SD, but
had a high, significant and direct genetic correlation with
SV (rG=0.81**); these results are consistent with those
reported by Marcal et al. (2015) and Cardona-Medina
and Muriel (2015).

According to Vallejo et al. (2010), the significant and
positive correlation between two variables (SW with SV,
FFW, PSF and FPW; SV with SW, WSF, FPW and FFW;
FFW with FL, FPW, WSF, SW and SV) means that when
one increases or decreases, the other does it in the same
sense. In contrast, the significant and inverse correlation
between two variables (SW with NSF and PSF, SV with
PSF, FFW with PSF) indicates that when one increases
or decreases, the other does it in the opposite sense.
These genetic correlations suggest that the control of the
associated variables is given by one gene with pleiotropic
effects or by several genes that are linked. The absence
of genetic association between two characters (SW with
SD, SV with FL and NSF, FFW with NSF and SD, etc.)
shows that the genetic control of such variables is given
by genes. These genes act independently and by other
variables that mask the true level of correlation between
these characters, as was reported by Marcal et al. (2015)
and Cardona-Medina and Muriel (2015). The genetic
correlation of the SW with the other characteristics of the
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fruit, allows to improve the seed physiological quality and
the selection of trees with heavier seeds. The absence
of significant genetic correlation between FFW and NSF
(rG=-0.36) is not very common because the number of
seeds per fruit (NSF), being one of the important primary
components of fresh fruit weight (FFW), was expected with
a high, direct and significant genetic correlation, similar
to what happened with fruit peel weight (FPW). This may
be due to indirect masked effects of other variables on
the actual level of association between them (Araméndiz
etal., 2010).

The magnitude, sense, and significance of the genetic
correlations between FFW with FL, FPW, PSF, SW and SV
(with rG>0.65%) are important in the process of selection,
management and conservation of seeds, due to the fact
that it is possible to select trees with high PSF, SW and
SV indirectly through higher FFW and/or FL. These are
much easier to measure in less time and cost, than PSF,
SW and SV, which are more difficult and expensive to
estimate in fruit or forest trees for seed consumption and/
or seedling production in nurseries. This is especially true
of native species, where low germination rates, recalcitrant
seeds and dormancy problems are generally present,
which require pre-germination treatments to achieve high
germination. Silva et al. (2012b) and Barboza-Nogueira
et al. (2014) have reported similar results.

The value and level of the genetic correlations estimated
between the characteristics of the fruit and its seeds allows
inferring that the selection of trees with higher FFW and/
or FL, allows an increase of the production in terms of
WSF, SWand SV. This situation is very advantageous for
the breeder and the producer, since their interest is the
selection of genotypes of high seed production (Souza
et al,, 2014) and species survival (Hernandez-Montero
and Sosa, 2016).

The size and weight of the seeds of the same tree
are usually associated with a higher percentage of
germination and seedling performance. Large and
heavy seeds contain higher amounts of carbohydrates
in the endosperm or cotyledons, and are available as
a source of energy to stimulate seedling germination,
emergence, survival and growth (Pereira et al., 2011).
These correlations have been reported by Huerta-
Paniagua and Rodriguez-Trejo (2011). However, other




studies do not report such associations (Binotto et al.,
2010) and may vary between species and between
regions (Pereira et al., 2011).

Falconer and Mackay (1996) point out that the difference
between genetic correlations for the same group of
variables, even in the same species, are explained by
an influence of environmental factors and/or non-additive
genetic factors (genetic interactions) which underestimate
the true expression of the level of correlation between
the variables studied, since these environmental factors

can affect the variables under study through the same
or different physiological mechanisms.

Path analysis for fresh fruit weight

The decomposition of the phenotypic and genetic correlations
of FFW (variable effect) was performed for several models
that included different sets of cause variables (primary and
secondary components of the FFW). The estimates of the
determination coefficients (R?) and the residual effects (h)
for each model allowed the inclusion of FL, FPW, NSF,
WSF and PSF as causes or explanatory variables (Table 3).

Table 3. Analysis of the direct (diagonal in bold) and indirect effects of the phenotypic and genotypic correlations of FL, WPF, NSF, WSF,
PSF, on the FFW of P. aquatica.

. Phenotypic correlations rF
Variables
FL FPW NSF WSF PSF con FFW
FL 0.00 0.61 0.00 0.23 0.00 0.83*
FPW 0.00 0.81 0.00 0.18 0.00 0.99
NSF 0.00 0.05 0.00 0.13 0.00 0.18ns
WSF 0.00 0.59 0.00 0.24 0.00 0.83*
PSF 0.00 -0.52 0.00 0.01 -0.01 -0.52*
R2=0.99 h=0.006
. Genotypic correlations rG
Variables
FL FPW NSF WSF PSF con FFW
FL 0.00 0.69 0.00 0.19 0.00 0.88**
FPW 0.00 0.87 0.00 0.12 0.00 0.99
NSF 0.00 -0.42 0.00 0.06 0.00 -0.36 ns
WSF 0.00 0.60 0.00 0.17 0.00 0.77*
PSF 0.00 -0.75 0.00 -0.04 0.00 -0.79 ™
R2=1.00 h=0.000

rF: phenotypic correlations; rG: genotypic correlations; ns: non-significant, * and ** significant at 5 and 1% probability, respectively. FFW:
Fresh Fruit weight; FL: Fruit Length; FPW: fruit peel weight; NSF: number of seeds per fruit; WSF: weight of seeds per fruit; PSF: percentage
of seeds per fruit; SW: weight of a seed; SV: volume of a seed; SD: density of a seed. R coefficient of determination; h: path coefficient due
to residual effects or other variables not considered in the study.

The R?in the two path analysis was between 99% and 100%,
with phenotypic and genetic correlations, which is excellent
and indicates the importance of the primary components in
the definition of FFW. There is clear tendency of the model
to improve the explanation of FFW as a function of FL, FPW,
NSF, WSF and PSF, with the analysis of genetic correlations
(R*=1.00). Likewise, there is a trend in the definition of direct
and indirect effects for each of the associations which is
slightly higher when using genetic correlations, because the

effects of non-additive environmental and genetic factors
are not considered, which maximizes the expression of
the true relationship between the explanatory variables
FL, FPW, NSF, WSF and PSF and the variable effect of
the model FFW.

The results in both types of correlation are very similar

in terms of the importance of the indirect effects on the
direct ones in the explanatory variables, except for FPW,
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since the indirect effects are those that mainly explain
the degree of association between the characters FL,
WSF and PSF with FFW, in the two path analysis. The
degree and sense of correlation between FL and FFW
at phenotypic (0.83**) and genetic (0.88**) levels is
explained indirectly through the FPW (0.61 and 0.69), in
73.5% and 78.4%, respectively. Likewise, the magnitude
and direction of the correlation between WSF and FFW
at the phenotypic (0.83**) and genetic (0.77**) level is
supported by indirect effect through the FPW (0.59 and
0.60), by 71.1% and 77.9%, respectively. We found a
similar situation for the magnitude and direction of the
correlation between PSF and FFW at the phenotypic
(-0.52%) and genetic (-0.79**) levels, which is explained
by indirect effect through the FPW (-0.52 and -0.75),
in 100% and 94.9%, respectively. The direct effects
were only important to explain the degree of correlation
between FPW and FFW (0.99**), both in path analysis
with phenotypic correlations (0.81) and with genetic
correlations (0.87), this explains the two levels of
association in 81.8% and 87.9%, respectively, confirming
the direct association between these two variables.

The FPW exhibited greater direct and indirect effects
on the FFW, in comparison with the other cause
variables in the two types of path analysis, which is
consistent with the reports of Salla et al. (2015) and
Marcal et al. (2015).

It can be inferred that FFW and WPF can be used
as selection criteria in the genetic improvement of
P. aquatica to obtain trees and/or clones with higher
production of WSF, SW and SV. This is favorable
to the breeder and producer in the selection of
genotypes of high seed production (Souza et al,
2014) and vigorous seedlings (Hernandez-Montero
and Sosa, 2016). However, it is necessary to consider
the constraint imposed by the inverse relationship
between PSF and FFW, since it is possible to obtain
genotypes with higher FFW, but with lower PSF, which
is a disadvantage when it is desired to increase the
physiological efficiency in the production of seeds.

CONCLUSIONS

Differences in fruit biometric characteristics on ten trees
showed genetic variability among P. aquatica trees, which
can be used in the genetic improvement of the species.
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The FFW showed significant and direct genetic
correlations with FL, FPW, WSF, SW and SV, with
coefficients ranging from 0.65* (SV) to 1.00** (SW), while
the correlation with PSF was significant and inverse (rG
= -0.79*). This allows selecting a character of interest
through of another of easier expression.

The FPW exhibited the greatest direct and indirect
effects on the FFW in the two types of path analyses;
therefore it is possible to increase the FPW, SW and
SV indirectly through the selection of trees with higher
FPW and/or FFW, to improve the yield and physiological
quality of the seed.
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