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Abstract

The chemical components of the almond kernel are traits contributing to almond quality and must be considered in
breeding programs searching for high-quality almonds. Thus, total protein, oil content, fatty acid composition and
tocopherol content were determined in 200 genotypes from four progenies from the almond (Prunus amygdalus Batsch)
breeding program of Centro de Investigacion y Tecnologia Agroalimentaria de Aragon (CITA), Spain. All components
showed significant differences among genotypes, as well also among progenies, showing a significant effect of the
pollen parent in the average composition of each family. The protein content ranged between 8.4 and 24.7%, and the
oil content between 37 and 67.5% of dry matter (DM). The major fatty acid was oleic, followed by linoleic. Alpha-
tocopherol was predominant among the different tocopherol homologues (o, 8, and 7). Significant correlations were
found among some components, such as total oil, oleic acid, and y- and 8-tocopherol, but not with a-tocopherol.
Heritability estimates were high for oil content and y-tocopherol, medium for linoleic acid and a-tocopherol, and low
for the rest of components. These results remark the importance of the genetic background of an individual for the
quality profile of its kernels and the significant and positive effect of the pollen on the transmission of most chemical
components of the almond kernel.

Additional key words: fatty acids; heritability; kernel quality; oil content; protein; Prunus amygalus Batsch; to-
copherol.

Resumen

Variabilidad genética y efecto del polen en la transmision de los componentes quimicos de la pepita
del almendro

Los componentes quimicos de la pepita del almendro son productos que contribuyen a la calidad del almendro y
deben considerarse en los programas de mejora para almendras de mayor calidad. Por ello, se determinaron los con-
tenidos en proteina total, en aceite y en tocoferol, asi como la composicion en acidos grasos, en 200 genotipos de cua-
tro familias del programa de mejora genética del almendro (Prunus amygdalus Batsch) del Centro de Investigacion y
Tecnologia Agroalimentaria de Aragon (CITA), Espana. Todos los componentes mostraron diferencias significativas
entre genotipos, asi como entre familias, resultando en un efecto significativo del parental masculino en la media de
las composiciones en cada familia. El contenido en proteina oscild entre 8,4 y 24,7%, y en aceite entre 37 y 67.5%
del peso seco (DM). El acido graso mas abundante fue el oleico, seguido por el linoleico. El a-tocoferol fue el ho-
mélogo predominante entre los tres mayoritarios (o, 8, y 7). Se encontraron correlaciones significativas entre algu-
nos componentes, como el aceite total, el acido oleico y los y- y 8-tocoferol, pero no con el a-tocoferol. La heredabi-
lidad fue elevada para el contenido en aceite y en y-tocoferol, media para el acido linoleico y el a-tocoferol, y baja
para el resto de los componentes. Estos resultados resaltan la importancia de la base genética de un individuo para el
perfil de calidad de sus pepitas, asi como el efecto positivo del polen en la transmisioén de la mayoria de los compo-
nentes quimicos de la pepita del almendro.

Palabras clave adicionales: acidos grasos; calidad de la pepita; contenido en aceite; heredabilidad; proteina;
Prunus amygalus Batsch; tocoferol.

* Corresponding author: rsocias@aragon.es
Received: 02-11-10. Accepted: 07-06-11.

Abbreviations used: CITA (Centro de Investigacion y Tecnologia Agroalimentaria de Aragén); DM (dry matter); FAME (fatty acid
methyl esters); HPLC (high performance liquid chromatography); PUFA (polyunsaturated fatty acids).



782 C. Font i Forcada et al. / Span J Agric Res (2011) 9(3), 781-789

Introduction

Almond is one of the mostly consumed nuts in the
world. Its beneficial effects on human health have been
widely reported, especially in relation to the blood lipid
profile and the risk of heart diseases (Chen et al.,
2006). The nutritional value of the almond kernel stems
mainly from its lipid content, with a higher level of
monounsaturated and polyunsaturated fatty acids
(PUFA) than of saturated fatty acids. This fat profile
is highly recommended in human nutrition. Among the
fatty acids, oleic and linoleic acids represent over 90%
of the total lipid content. The predominance of unsa-
turated fatty acids in almond is a very important fact
from the nutritional and healthy viewpoints, since these
fatty acids do not contribute to the synthesis of choles-
terol in the human body (Chen et al., 2006). Therefore
almond, along with other nuts, plays an important role
in the human diet (Socias i Company et al., 2008).

Most vegetable oils contain different levels of toco-
pherols, natural anti-oxidants helping to maintain qua-
lity by increasing the resistance to oxidation and de-
creasing the flavour deterioration resulting in rancidity.
The most interesting and abundant tocopherol is
a-tocopherol, one of the most important components
of vitamin E in human nutrition. Other homologues
such as y-tocopherol protect the cell membranes from
free radical damage. The genotype, the location and
the environmental conditions may influence the che-
mical composition of the almond kernel (Romojaro et
al., 1988; Abdallah ef al., 1998; Kodad ef al., 2006).
The year effect, however, did not show interaction with
genotype (Kodad et al., 2006), thus allowing the com-
parison between genotypes in a single year. In addition,
year and sample repeatabilities are very high. Some
components, such as oil content, depend mainly on the
genotype and to a much lesser degree on the environ-
mental conditions. Under the climatic conditions of
CITA, the year effect was not significant for oil content
and for the percentages of palmitic and stearic acids
(Kodad and Socias i Company, 2008a; Kodad et al.,
2010), confirming that the year stability of each fatty
acid depends on the specific characteristics of the ge-
notype (Abdallah et al., 1998).

The total phenotypic variance in a population may
be due to genetic and environmental factors. Herita-
bility analyses estimate the relative contributions by
genetic and non-genetic factors to this variance. The
heritability of the major agronomic traits has been
estimated in many fruit and nut species, including almond

(Kester et al., 1977). The heritability of some additio-
nal physical traits of the almond fruits has been also
determined (Arteaga and Socias i Company, 2002), but
there is no information on the heritability of the chemi-
cal components of the almond kernel. It has been
suggested, however, that most quality traits in almond
are quantitatively inherited and subjected to polygenic
control (Grasselly, 1972).

The kernel chemical components have been conside-
red as one of the selection criteria in almond breeding
programs, widening the possibilities of improving al-
mond cultivars. Correlations between traits are highly
interesting to determine whether selection for one trait
could have an effect over another. The lack of signifi-
cant correlations between the chemical components
and the physical traits of the almond kernel (Kodad
and Socias i Company, 2006), points out to the possi-
bility of attempting the improvement of the kernel
chemical composition in almond breeding without
loosing the advances obtained in the kernel physical
quality.

The knowledge of the genetic parameters is very useful
in order to make predictions of genetic progress among
seedlings in a breeding program (Falconer, 1970). He-
ritability also provides information for examining major
changes in the amount and the nature of genetic varia-
bility through generations (Hansche ef al., 1972),
influencing also the efficiency of selection and the cost
of handling a large number of seedlings (Socias i
Company, 1998). However, the chemical analyses present
greater problems for their introduction in the breeding
programs because some determinations are made with
different analytical procedures and, as a consequence,
are difficult to compare.

From the qualitative point of view, any new valuable
almond genotype would be required to produce kernels
with a high amount of several components, such as oleic
oil, that of higher quality from the nutritional and healthy
point of view, as well as of a-tocopherol, because of
its antioxidant activity (vitamin E), and of y-tocophe-
rol, because of its cardio-protective effect of cell mem-
branes from free radical damage. Thus, our objective
was the determination of the effect of different pollen
sources on the transmission of the chemical kernel
components in several breeding progenies, as well as
their heritability by variance components, and the
correlations between the different compounds and their
genetic variability, in order to ascertain the possibility
of including these compounds in a breeding program
with a significant success.
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Material and methods

Plant material and sampling

The study included a total of 200 individuals belon-
ging to four families from the almond breeding program
ofthe CITA, located at 41° 38’ N and 0° 53’ W, at 220 m
above sea level. The seedlings come from crosses bet-
ween two Spanish local selections (‘Bertina’ and “Vivot”)
and four previous releases from the same breeding
program (‘Aylés’, ‘Blanquerna’, ‘Felisia’, and ‘Monca-
yo’). These parents were selected because of their inte-
resting characteristics, such as fruit quality and late
blooming, as described in Felipe (2000). The individual
crosses are ‘Vivot’ X ‘Blanquerna’ with 81 seedlings,
‘Felisia’ X ‘Aylés’ with 25, ‘Felisia’ x ‘Bertina’ with
62, and ‘Felisia’ X ‘Moncayo’ with 32. The trees are
grown as living plants in nursery rows, maintained using
standard management practices. The pollen parents
were also included for comparison of the pollen effect.

The almond samples were collected from the 2007
crop. Approximately 50 mature fruits were randomly
collected from each genotype. The fruit was considered
mature when the mesocarp was fully dry and split
along the fruit suture and the peduncle was near to
complete abscission (Felipe, 2000). After discarding
the mesocarp, the fruits were left at room temperature
for 2-3 weeks. After reaching constant weight, 20-30
fruits from each genotype were cracked and seed coats
were removed by pouring in warm water (100°C)
during 5 min. Blanched kernels were again dried until
constant weight and then ground in an electrical grin-
der to obtain fine flour. This flour was stored in a
freezer at 4°C until further analysis.

Oil extraction

Total oil content was determined with a 3 g sample
in a Soxtec Avanti 2055 fat extractor (Foss Tecator, Ho-
gands, Sweden) using 70 mL of petroleum ether as
solvent (boiling point range 40-60°C) and maintaining
the heat source at 135°C for a period of 2 h because
previous checks showed that extraction is then practi-
cally completed, with no differences with an extraction
period of 4 h (Kodad and Socias i Company, 2008b).
Ether extracts containing almond kernel oil were sub-
jected to vacuum evaporation at 100+ 1°C to remove
ether during 15 min. Subsequently, the ether extracts
were tempered in a vacuum dessicator and weighed

gravimetrically to determine the oil content. Extracted
oil was added to 10 uL of butylated hydroxytoluene
(BHT) methanolic solution as an antioxidant agent and
kept in an amber vial at —20°C in the freezer until re-
quired for analysis. The oil extraction was duplicated
using 30 fruits of each genotype. The average values
are reported as differences in weight of the dried kernel
sample before and after extraction.

Determination of fatty acid composition

The relative percentage of the different fatty acids
in the oil was determined by capillary gas chromato-
graphy of the fatty acid methyl esters (FAMEs). These
FAMEs were prepared by trans-etherification with
KOH according to the official method UNE-EN ISO
5509:2000 (ISO, 2000). The FAMEs were separated
using a gas chromatograph HP 6890 and afterwards
detected using a flame ionization detector, equipped
with a capillary column (HP-Innowax 30 m X 0.25 mm
i.d.) and 0.25 um film thickness (Agilent Technologies,
Waldbronn, Germany). The carrier gas was helium and
the flow rate was | mL min!. The temperature of the
injector and detector was maintained at 220 and 275°C
respectively. The initial column temperature was 100°C
for 3 min. The oven temperature was gradually increa-
sed from 100 to 240°C, as follows, from 100 to 150°C
at 2.5°C min™! ramp rate, from 150 to 200°C at 3°C
min~! ramp rate, and from 200 to 240°C at 13°C min™!
ramp rate and it was maintained at 240°C for 4 min.
Injection volume was 1.0 uL. FAME identification was
based on retention times as compared with those of the
standard FAME mixture (Sigma-Aldrich, Madrid,
Spain). The fatty acid determination was duplicated
using 30 fruits of each genotype. The average values
are expressed as percentage of each fatty acid in the
total oil amount.

Determination of tocopherol content

The tocopherol content was determined according
to a modification of a method already described (Lopez
Ortiz et al., 2008). The individual tocopherol isomers
were analyzed using a reversed phase by high perfor-
mance liquid chromatography (HPLC), model 360
(Kontron, Eching, Germany) equipped with a double
piston pump and self-sampler. The column used was
Luna 100RP-18 of 200 mm x 4.6 mm i.d., 5 mm (Phe-
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nomenex, Torrance, CA, USA) kept at 30°C. Analytical
separation of tocopherol homologues was achieved
with an isocratic elution of acetonitrile:methanol
(30:70). Total run time and flow rate were 19 min and
1.2 mL min!, respectively. Samples of 0.3 g of almond
oil were dissolved in 2 mL of 1-propanol by shaking
at air temperature for 30 s. After 10 min of rest in dark,
20 pL of the propanolic extract were injected in the
HPLC. The amount of d and y-tocopherol was detected
with a FLD SFM25 fluorescence detector (Kontron),
set at 295 nm excitation wavelength and 325 nm emission
wavelength. The DAD 440 diode array detector (Kon-
tron) at 295 nm wavelength was used to detect o-toco-
pherol.

Identification of chromatographic peaks was based
on retention times by comparison with known standards
(Sigma-Aldrich). The tocopherol content determina-
tion was duplicated using 30 fruits of each genotype,
reporting the average values.

Determination of total protein content

The protein fraction was determined through the
total N content obtained by the Dumas method and
applying a conversion factor as shown: % Protein=Kc
* % total Nitrogen (Kc=6.25).

A sample of 0.2 g of almond flour was weighed and
introduced into the analyser LECO FP-528 Protein/
Nitrogen Analyzer (LECO Corporation, Saint Joseph,
MI, USA). The results were read and interpreted with
the software CPU-CAR-02. The sample was burned at
850°C, and in the incineration CO,, H,O, N, and NOy
were generated. The gas was passed through hot copper
to remove oxygen and then conducted through two
filters. Finally, the molecular nitrogen with helium was
measured in a cell differential thermoconductivity. The
results were expressed as percentage of nitrogen by
weight. The protein content determination was duplica-
ted using 30 fruits of each genotype, reporting the ave-
rage values.

Data analysis

The experimental design was completely randomized
with two replications. Analysis of variance was perfor-
med to detect differences among the families and to
estimate the variance components by GLM using SAS®
software (SAS Institute Inc., Cary, NC). Significant

differences were recorded at p <0.05. In addition, the
analyses of Pearson correlation were done to conclude
relationships among parameters using SAS® software
(SAS Institute Inc.).

Estimates of heritability were calculated based on
family means. Estimates of genetic variance components
from progeny analyses were used to calculate h? as
follows:

hi=0%/ (6% + 0%/ r+063%/n)

where 0%y is variance component (additive variance
component and dominance (non-additive) variance
component) due to family; 6% and 62 are replication
by FS-family interaction (error) and variance within
FS-families, respectively; r and n show the number of
replications and the number of individual plants per
family, respectively (Falconer, 1970).

Results and discussion

Genetic variability and phenotypic
correlations

The frequency distributions, the ranges of variability
and the phenotypic correlations for the chemical com-
ponents of the almond kernel (Fig. 1, and Tables 1
and 2) showed a similar variability to that described in
other studies, although the ranges diverge for some
components.

As expected, our results showed a wide range of
variation, as found in other studies. The content of pro-
tein ranged between 8.4 and 24.7%, similar, although
with lower values, that that already obtained in the
CITA for other almond genotypes of 11.8-31.8%
(Kodad, 2006). This range, however, was wider than
that obtained with a lower amount of genotypes of
23.0-24.0% (Barbera et al., 1994). However, not always
comparisons are possible, as it happens with the protein
content, which was found to be lower than that obtained
in other studies. Nevertheless, protein is being determi-
ned by different analytical methods, as well are diffe-
rent the conversion ratios from nitrogen to protein applied.
In addition, differences may be due to the different en-
vironmental conditions and the different plant material
(Barbera et al., 1994), as confirmed by the fact that
the coefficient of variation between years showed that
protein has a large genetic variation (Kodad, 2006).
The range of variability of 3.1% agreed with other
results (Kodad, 20006).
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Figure 1. Frequency distributions for the chemical components of the almond kernel in the four families ‘Felisia’ x ‘Aylés’ (1a),
‘Felisia’x ‘Bertina’ (1b), ‘Felisia’ X ‘Moncayo’ (1c), and ‘Vivot’ X ‘Blanquerna’ (1d). Values for parents are indicated by arrows:
F, ‘Felisia’; A, ‘Aylés’; B, ‘Bertina’; M, ‘Moncayo’; V, ‘Vivot’; Bq, ‘Blanquerna’.

The total oil content ranged from 37.0 to 67.5%,
confirming that the lipid fraction is the major compo-
nent of the almond kernel. These results agree with
those obtained in other European cultivars (Kodad,
2006). The content of the two most important fatty
acids, oleic and linoleic, varied among genotypes, with
a range of 57.4-78.4% for oleic acid and 13.4-32.2%
for linoleic acid. These two fatty acids represent more
than 90% of the total oil content, whereas palmitic and
stearic acids represent less that 10%, as in other almond
cultivars (Abdallah et al., 1998). The highest range of
variation among all fatty acids was observed for stearic
acid with 7.8%, whereas for oil content the range of
variation was 7.0%.

The most abundant antioxidant found in almond was
a-tocopherol, which ranged between 69.0 and 612.1 mg
kg of kernel oil, followed by y- and 8-tocopherol. The va-
lues obtained for o-tocopherol were higher than those pre-
viously reported (Kodad, 2006), probably due to higher tem-
peratures during the growing season (Kamal-Eldin and
Anderson, 1997; Kodad et al., 2006) or to differences in
the analytical methods employed. These differences have
also been reported in other crops such as Brassica
napus or olive (Goffman and Becker, 2001). The wider
range of variation was observed for y-tocopherol
(8.7%), and the lowest for d-tocopherol (3.1%).

Regarding phenotypic correlations, a negative corre-
lation (Table 2) was found between the oil and the total

d)
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Table 1. Content of protein, oil, major fatty acids and tocopherol homologues in four almond progenies

Protein Oil C16:0 C18:0 C18:1 C18:2  oa-tocopherol 7y-tocopherol d-tocopherol
Parent
Aylés 26.7 56.2 5.9 2.9 70.1 20.1 484.7 13.1 0.4
Bertina 243 58.3 6.3 2.8 69.5 20.3 375.1 12.7 0.5
Blanquerna 11.9 63.7 5.5 3.6 733 17.5 305.5 12.7 0.8
Felisia 12.5 50.7 6.7 2.1 09.3 20.0 389.0 25.6 1.7
Moncayo 18.7 56.5 5.8 22 74.5 16.7 367.3 27.8 1.2
Vivot 15.7 56.8 7.0 22 63.2 28.6 221.5 7.1 0.2
Family
Felisia x Aylés 11.3 62.3¢ 5.8 2.7¢ 71.8¢ 18.5° 402.8° 29.1¢ 1.6¢
Felisia X Bertina 12.5° 58.2° 5.9 2.1° 70.3 19.8° 389.9° 23.4° 1.1°
Felisiax Moncayo 11.3 60.4¢ 5.8 2.2? 72.2¢ 18.6° 387.3% 32.0¢ 1.8¢
Vivotx Blanquerna  18.8° 55.8¢ 6.4 2.6 65.1° 24.6° 353.3 6.7 0.2°
Overall mean+ 8D 13.5+3.1 59.1£57 6.0£04 24+05 69.8+55 204+3.9 383.3+£83.2 22.8+12.6 1.2+0.8
Minimum value 8.40 37.00 491 1.41 5743 13.36 68.96 1.97 0.01
Maximum value 24.70 67.50 7.56 4.50 78.47 32.16 612.05 62.24 5.50

The protein and oil contents are given as a percentage of kernel dry weight; the fatty acid composition is given as a percentage of
the total oil content; the tocopherol homologues are given as mg kg ! oil. Values followed by different letters in the same column

are significantly different at p <0.05.

protein content (R?=-0.47), as expected for the two
main components of the almond kernel (Kodad, 2006).
This interdependence can be explained biochemically,
because both fractions are formed during the ripening
process from carbohydrates, which are abundant in the
early stages of seed development but that decrease all
over the ripening process (Saura-Calixto et al., 1988).
A positive correlation of 0.38 was found between oleic
acid and oil content. Similar results have been observed
in other species, such as olive (Leon et al., 2004). The
correlations between total oil content and y- and
d-tocopherol were significant and positive, according
with other species such as rapeseed (Goffman and Becker,
2001). The positive correlation between oleic acid and
oil content suggests that in a breeding program both

parameters can be selected together, because when se-
lecting for high oil content, the content of oleic acid
may be additionally increased, improving the nutritio-
nal value of the kernel and increasing the stability
against rancidity. With an increase of the oil content,
the amount of 8- and y-tocopherol will also be increased,
but not that of a-tocopherol, which is the most impor-
tant and abundant tocopherol protecting the seed
against oxidation (Zacheo et al., 2000). A negative
correlation was found between the contents of oleic
and linoleic acids (R?=-0.63), as expected for the two
main components of the lipid fraction. The correlations
between the three tocopherol homologues were positi-
ve and significant as already observed in almond
(Abdallah ez al., 1998; Kodad, 2006). Linoleic acid, a

Table 2. Correlation coefficients between the chemical components of the almond kernel

Component C16:0 C18:1 C18:2 o-tocopherol y-tocopherol 3-tocopherol Protein
Oil —0.24** 0.38%* —0.15%* ns 0.35%* 0.30%** —0.47%*
C16:0 —0.35%* 0.38%* —0.21%* —0.49%* —0.12%* 0.32%*
C18:0 —0.20%* 0.31%* —0.21** —0.16%* -0.21* ns
C18:1 —0.63%* ns 0.48%* 0.41%* —0.52%%*
C18:2 —0.23%%* —0.27%%* —0.23%** ns
a-tocopherol 0.33%* 0.50%* —0.16**
y-tocopherol 0.85%* —0.67%*
d-tocopherol —0.59%*

Correlations non significant (ns) or significant at p <0.05 (*) or p<0.01 (¥*).
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PUFA, contributes significantly to the deterioration of
food quality in the presence of catalysts of the oxidation
reaction such as enzymes, light and moisture (Davies
et al., 1987). So, if the concentration of linoleic acid
decreases, food quality may increase. In other goods
with high fat content, such as peanut and sunflower,
the presence of a high concentration of linoleic acid
produces oil instability if subjected to high tempera-
tures during the industrial process (Motilva et al.,2001).

Pollen effect and heritability estimation

The distribution of the different values in three fami-
lies with a common parent (Fig. 1) allows analyzing
the pollen effect on the transmission of the traits to the
progenies. The most significant differences were found
among two tocopherol homologues as shown in Ta-
ble 1. The cross ‘Felisia’ X ‘Moncayo’ induced the highest
content of 8- and y-tocopherol and significant differen-
ces were found among the two other families. In rela-
tion to o-tocopherol, no significant differences were
found between the three families obtained from ‘Feli-
sia’. The family ‘Felisia’ x ‘Bertina’ showed the highest
values of linoleic acid and of protein content. The highest
content on oleic acid was recorded in the families ‘Fe-
lisia’ X ‘Aylés’ and ‘Felisia’ x ‘Moncayo’, whereas no
significant differences were found between them. The
same trend was also found in the family ‘Felisia’ X
‘Aylés’, which showed the highest contents for oil
content and stearic acid.

The comparison of the average data of each family
with the values of the pollen parent for each component
showed that in most components the pollen effect is
manifested in the same relationship than in the parents.
Thus, the average values for the ‘Felisia’ X ‘Aylés’ fa-
mily for stearic acid and a-tocopherol are the highest,
as they are also the highest in ‘Aylés’. The same trend
was observed for palmitic and linoleic acids in the fa-
mily ‘Felisia’ x ‘Bertina’, and for oleic acid and 6- and
v-tocopherol in the family ‘Felisia’ X ‘Moncayo’. How-
ever, for the total contents of protein and oil no pollen
effect was observed. When the fourth family, ‘Vivot’
x ‘Blanquerna’, was also included, it showed the highest
values for linoleic and palmitic acids and for protein
content, but also the lowest values for 8- and y-toco-
pherol. Hence, the contents of the different chemical
components of the almond kernel mostly depend on
the genotype and may be considered as varietal traits
(Kodad et al., 2009). As the traits analysed are quanti-

tative, the differences would be due to the accumu-
lation of additive genes in the genotype.

In our case, as the effect of pollen is positive, there
will be a good transmission from parents to progenies.
The value of the chemical components of some seedl-
ings was higher than in the parents, so there is an
improvement in food quality, creating new material for
future almond breeding programs. Some seedlings with
a 500-550 mg kg' of kernel oil for a-tocopherol or 28-
30% of linoleic acid, much higher than the value of the
parents, have been observed (Fig. 1). The a-tocopherol
content has been successfully increased without in-
creasing or decreasing the content of the other toco-
pherol homologues through classical breeding methods
in rapeseed and maize (Goffman and Becker, 2001).

The heritability estimates for different traits depend
on the variation between the genetic and the environ-
mental effects (Souza et al., 1998). A trait with high
heritability indicates an additive gene action (Yao and
Mehlenbacher, 2000) and will be less influenced by
the environment. The selection in traits with high
heritability will be very effective, thus being easier to
improve. In almond the year variation tends to affect
the chemical composition of the almond, but all com-
ponents are affected equally within a year (Kodad et
al., 2006). Thus, the year effect must not affect the esti-
mation of the heritability of these chemical compounds,
taking into account that heritability estimates vary
mostly with the nature of the test population (Marame
etal., 2009).

The heritability estimates may be ranged as high
(50-100%), medium (25-50%) or low (0-25%) (Falconer,
1970). Oil content and the amount of y-tocopherol
showed the higher heritability estimates, with h=57.0%
and h?=60.0%, respectively. This high heritability
indicates that the additive gene action predominates
for these traits and that the potential effectiveness of
selecting for them is very high. When heritability
estimates are moderate, as in the case of linoleic acid
(h?=25.0%) and o.-tocopherol (h>=20.5%), selection
of parents based on their phenotypes should also be
effective, as it happens when heritability is high (Hansche
etal., 1972). In contrast, the characters with low herita-
bility, such as d-tocopherol (h*=11.0%), oleic acid (h>=
10.5%), palmitic acid (h>=15.3%), stearic acid (h*=
11.0%) and protein content (h?=12.1%), would be
more difficult to improve because they will be mostly
dependant on the environment.

These results suggest a significant and positive effect
of the pollen on the transmission of most chemical
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components of the almond kernel, thus reflecting the
need of a careful choice of parents in a breeding program,
where a noticeable increase of some chemical compounds
may be attained. Moreover, the wide variability obser-
ved of the chemical components represents a very pro-
mising base to obtain new almond cultivars and supe-
rior genotypes with higher oil quality.
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