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Abstract

This research is aimed at quantitative genetic analysis
of several avocado traits and cultivars. The experi-
mental material consists of our avocado breeding
project in which data were collected from several
crosses as well as selfings of cultivars. Parenthood
was determined by isozymes and the seedling prog-
entes were assessed for eight traits. A biometrical
genetic approach for analysis of this breeding project
is presented. Genetic profiles of the traits and cul-
tivars were detailed by several characteristics: level of
heterozygosity and dominance deviation, dominance
of alleles, dominance direction, general evaluation of
additive and non-additive genetic variance, maternal
inheritance, and allelic differences among the various
cultivars in major genes controlling the same quan-
titative trait. Five avocado cultivars: ‘Fuerte’, ‘Hass’,
‘Etunger’, “Tova’, and ‘Rosh-Hanikra’, were charac-
terized separately for each trait. Practical conclu-
sions for the breeder regarding economically impor-
tant quantitative traits are discussed.

Key words: Persea americana — additive genetic
variation — non additive genetic variation — domi-
nance — heterozygosity — maternal inheritance.

Considerable difficulties have been experi-
enced in studying the genetics of fruit trees in
general and of avocado in particular. Relatively
little is known about the components of the
phenotypic variability of quantitative traits in
fruit trees. In only a few cases, has the herita-

* Contribution from the Agricultural Research
Organization, The Volcani Center, Bet Dagan,
Israel. No. 2778E, 1989 series.

bility of such traits been assessed, but with
avocado excluded (HaNscHE et al. 1966,
HanscHe et al. 1972a, b). The level of
heterozyg051ty and partitioning the genetic
variance of quantitative traits into their addi-
tive and non-additive components have not yet
been assessed in avocado. This kind of genetic
information 1s important for any systematic
breeding programme.

The main problems which limit a systematic
genetic study of avocado traits stem from the
long juvenile period and the big tree size,
which make the breeding programme long in
time, small in number of seedlings, and hence
quite expensive. Moreover, the very low fruit
set typical for avocado, makes hand pollination
impractical. In spite of these difficulties a few
formal genetic studies of avocado have been
reported. Some Mendelian genes have been
reported to code several isozymes (DEGANI et
al. 1986, GOLDRING et al. 1985, GOLDRING et al.
1987, Torres et al. 1978). Both the flowering
group and fruit skin colour were found to be
controlled by several genes, although the exact
mode of inheritance has not been elucidated
(BErGH 1969).

A few years ago, an avocado breeding pro-
gramme aimed at the production of better cul-
tivars was initiated at the Agricultural Research
Organization (ARO) in Israel. Hybrids be-
tween cultivars were produced by caging the
parent trees with a net and putting a beehive
inside. The progeny were tested by isozymes
to distinguish between selfs and hybrids (De-
GANI and GaziT 1984). Over the years many
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crosses have been performed in the hope of
detecting better cultivars resulting from new
combinations of genes and alleles.

This manuscript describes the genetic and
biometrical analyses of some quanttative
traits, evaluated from progenies of crosses be-
tween and within avocado cultivars.

Materials and Methods

The research was performed at the Akko Experiment
Station, in Western Galilee, Israel. Seeds were col-
lected from trees caged under a net, using bees as the
pollen vector. Crosses were performed in the follow-
ing manner:

1. Two trees (cultivars) under a single net cage. Seeds
were collected from each tree separately (recip-
rocals).

2. Individually caged trees, where the pollinator
cultivar was either a grafted branch on the mother
tree or flowering potted trees.

For selfings, single trees were caged. The har-
vested seeds were sown in the nursery, and one year
later the seedlings were planted in the breeding or-
chard. The progeny of each cage were planted in a
block, selfing progeny and hybrids were completely
randomized within the block. The juvenile period
was shortened by the use of autumn girdling (LAHAV
et al. 1986).

Performance of the seedlings was assessed either
by measurements or by visual scoring, as shown in
Table 1. The values of the traits are the means of
evaluation during two to five years. Means are im-
portant mainly for traits which are affected by “on
and off” years. Fruit weight is the mean of all fruits
in cases of low yield, or randomly harvested 10 fruits
in cases of high yield. Fruit density is fruit number
divided by tree volume, this trait takes into consider-

ation both tree size and number of fruits. Harvest
duration expresses tree storage. Softening time was
determined on mature fruits. Of the many cultivars
involved in these experiments, results from only six
will be presented here: ‘Fuerte’ (ROUNDS 1946),
‘Hass’ (GRISWOLD 1945), ‘Ettinger’ (STOREY and
BERGH 1963), ‘Tova’, ‘Horshim’-in some crosses
(SLOR and SPODHEIM 1971, 1972), and a Mexican
race seedling named ‘Rosh-Hanikra II’. The last
cultivar is a branching tree with numerous brownish-
red lenticels on the young flush and a strong anise
scent. The fruit is oval-pear, 150 gr. The fruit stalk is
relatively short, slightly off centre. The fruit skin is
black, very thin with a smooth and glossy surface.
The seed is rounded and constitutes 25—30 % of the
fruit’s weight. The yellow flesh has a few fibres and a
mild taste. ‘Rosh-Hanikra II’; a non-commercial
cultivar, was used in the breeding project as a rep-
resentative of the Mexican race due to its high pro-
ductivity and early ripening.

To distinguish between hybrids and self-polli-
nated seedlings, the progeny were characterized by
isozyme analysis of leaf tissue for the following
enzyme systems: leucine aminopeptidase (LAP; EC
3.4.11.1) (DEGANI et al. 1986), malate dehydrogen-
ase (MDH; EC 1.1.1.37) (DEGANI and GAZIT 1984),
phosphoglucose isomerase (PGI; EC 5.3.1.9)
(GOLDRING et al. 1985) phosphoglucose mutase
(PGM; EC 2.7.5.1) (TORRES et al. 1978), and
triosephosphate isomerase (TPI; EC 5.3.1.1) (Gor-
DRING et al. 1987).

Six crosses between five to six cultivars (depending
on the trait), and five selfings were the source of
information for this study and will be named “set of
crosses”. The number of observations in the various
crosses is given in Tables 2, 3, 4, and 5. Different
trees of a certain cultivar were used for the various
crosses due to the need for geographical proximity.
However, for each cultivar all mother trees were
assessed and found to be similar in all traits.

Table 1. Grades of quantitative traits in avocado trees
Note that in some traits a low grade indicates good performance, and vice versa

Trait Grades
1 2 3 4 5 6 7
Tree size Very tall Tall Medium  Short Dwarf
Flowering intensity Profuse High  Medium  Light Very light None
Fruit density Dense  Medium  Light Very light
Fruit weight Grams
Inflorescence length (cm) <5 6—10  11—15  16—20 > 20
Seed size (% of fruit weight) <5 6—10 11—15 1620 21—25  26—30 > 30
Softening time (days from
harvest to softening) =5 6—10 11—15  16—20 21—25 2630 > 30

Harvest duration Months
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Since no single comprehensive analysis of the data
obtained from the “set of crosses” is feasible (see
Results), three separate analyses were carried out:

L. Analysis of selfing progeny (Tables 2, 3): Selfing
progeny of each cultivar was analyzed as a fixed
effect one-way analysis of variance according to the
following linear model:

Yij = X + Si + Tij, where:

Yij is the quantitative trait value of seedling j in
cultivar 1.

X is the mean of all selfing progeny.

Si is the fixed effect of selfing of cultivar i.

i=1to 5 or 6 depending on the trait (see Table 3).
Tij is the random effect of seedling j in cross i, j = 1
to nij, depending on the cross and the trait.

II. Analysis of orders (Table 4): Crosses between
the six cultivars produced six male and female or-
ders. In each order one cultivar is a common parent
while the other parents are either the cultivar itself
(selfing) or each of the other five cultivars (hybrids).
Therefore, two-way factorial analysis of variance for
fixed effects and unequal number of observations per
cell was used, including progeny of selfing crosses of
the same tree.

The linear model of this analysis is as follows:
Yijk = E + M1 + Fj + (MF)jj + Rijk, where:
Yijk 1s the value of the quanttative trait, measured
on tree k, the progeny between parents 1 and j.
E is the average of the entire “set of crosses”.
Mi is the fixed effect of cultivar i as male parent, for
1=1106.
Fj is the fixed effect of cultivar j as female parent, for
j=11t06.
(MF)jj 1s the fixed effect of the interaction between
cultivars i and j.
Rijk is the random effect of seedling k in the cross
between cultivars 1 and j.
k varies depending on the trait and the cross.

II1. Analysis of crosses and reciprocals (Table 5): In
only four crosses were data available for analysis of
reciprocals. These four crosses were analyzed as
fixed effects. The two reciprocals in each cross were
analyzed as random effects within crosses. Within
each reciprocal cross, information from different
number of seedlings was available. Accordingly, the
following linear model was used:

Yyk = D + Ci + Rj(Ci) + Tk(R;) where:

Yijk is the value of a given quantitative trait meas-
ured on seedling k of reciprocal cross j of the cross 1.
D is the mean of this data set.

Ci is the fixed effect of cross 1, for1 =1 to 4.
Rj(Ci) is the random effect of reciprocal cross j,
within cross i, for j = 1 to 2.

Tk(Rj) is the random effect of seedling k in reciproc-
al cross j of cross i, for k = 1 to nij.

Within each cross, significance of the differences
between the two reciprocal crosses was tested.

Results

The well-developed diallel models, as well as
models dealing with incomplete diallel tables
(GARDNER and EBERHART 1966, GRIFFING 1956,
HayMANN 1960, JiNks 1954) were not applicable
to the data of the present study because the
“set of crosses” represents a very incomplete
dialle] table.

The inherent huge variability in fruit pro-
duction typical for the avocado affected the
availability of data. Of the fifteen possible
crosses (including selfing) among the five cul-
uvars, only eleven were available. Furthermore
the number of seedlings in each cross varied
substantially ranging from 3 (‘Fuerte’ x ‘Et-
unger’) to 382 (‘Etunger’ X ‘Tova’). The
above-mentioned severe combination of dif-
ficulties produce statistical limitations particu-
larly in the analysis of the interaction between
males and females. Our genetic analysis 1s
therefore based mainly on first order genetic
statistics.

The genetic characterization of traits and
cultivars were derived from the results given in
Table 2 and from the variance presented in
Tables 3, 4 and 5. Three main sources of
information were used for this purpose: the
cultivar performance, selfing progeny mean
and the order mean. The genetic information
as well as the statistical significance of the
comparisons between these statistics, are de-
tailed for each of the five cultivars as to each of
the eight quantitative traits.

The overall genetic variance is expressed by
the high statistically significant differences
among order means (Table 4). This abundant
genetic variation is supported by the significant
differences between all crosses including self-
ing, found in most traits (Table 5). Part of this
genetic variance is reflection of the genetic
diversity between cultivars and the remainder
which result from interaction between alleles
and loci is exposed upon various crosses.

The genetic information resolvable from the
biometrical analyses presented in Tables 2—5
is summarized for the traits in Table 6 and for
the cultivars in Table 7. These Tables are the
detailed summary of our results and are meant
to serve as an aid for the avocado breeder.
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Table 2. Culuvar performance, means + standard errors (S.E.) of selfing and order progeny

Culuvars
Statistics ‘Rosh
Trait & significance ‘Fuerte’ ‘Hass’ ‘Etunger’ ‘“Tova’ Hanikra’
Tree Cv. performance 2 2 2 4 2
Size Self progeny: No. 7 5 132 15 18
Mean * S.E. 34+ 48 3.0+.32 38+.08  32%32  32+.29
Sig. (self-parent) * * wEE * waE
Order progeny: No. 183 702 207 54
Mean * S.E. 3.7 £ .09 31 £ .05 33+ .08 25+ .23
Sig. (order-self) g R * s
Flower Cv. performance 1 2 3 3 4
inten- Self progeny: No. 7 5 129 13 18
sity Mean =+ S.E. 4.4 £ .65 3.8 £ .37 4.9 = .09 4.7 £ .09 39+ .20
Sig. (self-parent) % > Riad ok n.s.
Order progeny: No. 184 698 265 54
Mean + S.E. 4.0+ 0.12 4.6 £ .06 4.7 + .08 3.8 £ .18
Sig. (order-self) o ek n.s. n.s.
Fruit Cv. performance 3 1 2 1 1
density Self progeny: No. 4 4 32 5 9
Mean * S.E. 3.7 £.25 3.7+ .25 33£.16 2.8 £ .58 3.8 £ .15
Sig. (self-parent) n.s. g R * i
Order progeny: No. 128 339 65 40
Mean + S.E. 3.0 x0.10 3.4 £ .06 3.6 £ .12 34+ .15
Sig. (order-self) s n.s. Kid *
Fruit Cv. performance 280 200 310 250 150
weight Self progeny: No. 4 4 31 5 9
Mean + S.E. 202 £ 295 165 £ 37.7 205109 226 + 30.9 181 £ 22.9
Sig. (self-parent) n.s. n.s. R n.s. n.s.
Order progeny: No. 128 334 64 40
Mean * S.E. 213 £ 0.68 207 £ .53 207 £ 1.6 205 £ 1.75
Sig. (order-self) n.s. n.s. n.s. n.s.
Inflo- Cv. performance 3.25 3.25 2.09 2 1
rescence Self progeny: No. 4 4 30 5 9
length Mean *+ S.E. 1.7 £ .25 1.3+ .25 1.3+ .09 1.4 £ .24 1.3+ .23
Sig. (self-parent) > i A * n.s.
Order progeny: No. 114 312 57 40
Mean * S.E. 1.9 £ 0.18 1.3 + .07 1.5+ .13 1.1+ .2
Sig. (order-self) n.s. n.s. n.s. n.s.
Seed Cv. performance 4 4 4 4 6
size Self progeny: No. 4 4 31 5 9
Mean + S.E. 3.7+ .25 355 39 % .16 4.8 + .37 4.7 + 44
Sig. (self-parent) n.s. n.s n.s. n.s. *
Order progeny: No. 128 326 62 40
Mean + S.E. 4.2 +0.10 4.3 + .09 4.2+ .20 4.7 £ .29
Sig. (order-self) * KA id n.s.
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Table 2. (continued)

Softe- Cv. performance 3 3 2 3 2
ning Self progeny: No. 4 4 29 5 9
time Mean * S.E. 40 £ 1.0 45+ .5 35£.19 34+ .24 2.7 £.33
Sig. (self-parent) n.s. n.s whE n.s n.s.
Order progeny: No. 128 324 61 40
Mean * S.E. 3.7+ .13 3.2+ .09 3.3 £ .13 25%.23
Sig. (order-self) n.s. At n.s. n.s.
Harvest Cv. performance 5 6 2 2 1
duration  Self progeny: No. 4 4 51 5 9
Mean * S.E. 35+ 1.85 4+ 1.68 55+ .63 2.8 = .58 43+ 1.18
Sig. (self-parent) n.s. n.s. Riad n.s *
Order progeny: No. 128 327 62 40
Mean *+ S.E. 4.4 + .32 52 + .28 6.1 £ 45 3.8 £0.87
Sig. (order-self) n.s. Kid n.s.

Cv. performance = grade of cultvar performance in each trait.
Self progeny: No. = number of selfing progeny in each cross.
Mean * S.E. = mean performance of selfing progeny or order progeny respectively * their standard error.
Sig. (self-parent) = Statistical significance of the difference between the mean of selfing progeny and the

parent’s performance.

* = 01 <P <.05; % =.001 <P <.01; ¥* = P < .001; n.s. = non significant.
Order progeny No. = Number of order progeny in each cross. Note that the cultivar Hass was not involved

in order crosses.

Sig. (order-self) = Statistical significance of the difference between the order progeny mean and the selfing

progeny mean.

Genetic profile of traits (Table 6)

Similarity among cultivars: Homogeneity
and differences between cultivars regarding
each of the eight quantitative traits were as-
sessed from the data in Tables 2—5.

Direction consistency of dominance devia-
tion: The direction of dominance was deter-

Table 3. Analysis of variance of selfings

mined only when the deviation of the selfing
progeny from their parents was significant in
most selfings (Table 2). Consistency of these
deviations was interpreted as unidirectional
dominance. Possibly bidirectional dominance
was interpreted when the deviations were not
consistent. In most instances whenever this
characteristic could be determined, dominance

Trait Between selfings Within selfings

df MS P df MS Cv
Tree size 5 3.21 3.21 173 1.00 30
Flowering intensity 5 4.70 3.94 168 1.19 25
Fruit density 4 1.13 1.52 n.s. 49 0.74 23
Fruit weight 4 30.85 <1 n.s. 48 40.57 32.5
Inflorescence length 4 0.22 <1 n.s. 47 0.31 40
Seed size 4 2.11 2.34 n.s. 48 0.90 23
Softening time 4 2.84 2.36 n.s. 46 1.20 30
Harvest duration 4 0.43 <1 n.s. 48 0.45 17
df — Degrees of freedom
MS — Mean squares
P — Significance of the differences between crosses: ** .001 < P < .01; n.s., non-significant.
CV — Coefficient of variation.

11
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was unidirectional. When dominance direction
was inconsistent, we considered only statisti-
cally significant cases because others could
originate from bidirectional dominance as well
as from heterozygosity and dominance devia-
tion.

Allele differences among the various cul-
tivars: Difference between alleles controlling
the same quantitative trait locus (QTL) was
determined by comparison between order
means and selfing progeny means (Table 2).
The conclusions are based on the fact that one
common parent participates in both statistics
but the other parent of the selfing progeny is
substituted by the remainder of the various
cultivars. Difference between these means was
attributed to differences between alleles in the
various cultivars. In addition, significant var-
iance between selfing progeny means may also
indicate such differences. Tree size is the only

Table 6. Genetic profile of the traits (Summary)

trait which seems to be controlled in the vari-
ous cultivars by different alleles, whereas for
fruit weight, seed size, softening time and har-
vest duration, allele differences were not appa-
rent.

Genetic variance: The experimental design
analyzed in this study does not allow the parti-
tioning of genetic variance into its additive and
non-additive components. However, evalua-
tion of their relative magnitudes in general
terms was possible. General assessment of ad-
ditive genetic variance was concluded from
statistically significant variance both between
crosses (Table 4) and between selfings (Table
3). High additive genetic variance was deemed
to exist only when the variance between
crosses was statistically significant, medium
level of additive genetic variance when only the
variance between selfing crosses was statistical-

Culuvars: E — ‘Etunger’; F — ‘Fuerte’; H — ‘Hass’; R — ‘Rosh-Hanikra’; T — “Tova’

Trait Similarity Consistency of  Allele differ- Additive Non-additive
among cultivars  dominance ences among genetic genetic
deviation cultivars variance variance
Tree Homogeneous
size except ‘T, short Unidirectional ~ Large Medium Large
Flowering ~ Heterogeneous Large,
intensity ‘F’-profuse Unidirectional ~ Medium Very except
‘R’-light large ‘R’
Fruint Heterogeneous Large,
density ‘R’-dense Unidirectional ~ Medium Low except
‘F’-light ‘P
Fruit Heterogeneous  Possibly None,
weight ‘E’-large bidirectional Mone Low except
‘R’-small ‘E’
Inflores- Heterogeneous Large,
cence ‘F’-long Unidirectional ~ Medium Medium except
length ‘R’-short ‘R’
Seed Homogeneous None
size except Non None Medium except
‘R’-large determinable ‘R’
Softening Homogeneous  Non None,
time determinable Low Large except ‘E’
Harvest Heterogeneous  Possibly Small,
duration ‘F’-long bidirectional Almost Large except
‘R’-short none high in ‘E’

11%
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“Tova

Cv.

2 months
None

11—15 days

None

16—20 %
None

2.2 cm
Low

250 gr
None

Dense

Low

Medium
High

Short

1. Cultivar performance
2. Heterozygosity and

Low

dominance deviation

3. Cross of special

Longest with
(E,

No difference

Best size Largest with ~ No difference
‘F,

Highest

Highest

No difference

with ‘F° with ‘F°
Dominant Dominant Codominant Dominant Codominant Codominant Codominant

with ‘F°

Recessive

performance
4. Alleles responsible

for increase
5. Maternal inheritance

Cv. ‘Rosh Hanikra’

None None None None None None

None

In “T" x ‘H’

1 month
Low

6—10 days
None

Dense 150 gr 1.2 cm 26—30 %
None None Low

Light
None

Short

1. Cultivar performance
2. Heterozygosity and

High

High

dominance deviation

3. Cross of special

No difference High No difference No difference No difference No difference No difference

No difference

with ‘E’

Codominant Dominant Codominant Codominant Dominant Codominant Recessive

Dominant

for increase
5. Maternal inheritance

performance
4. Alleles responsible

None In ‘E’ x ‘R’ None None None None

None

In (R’ X ‘E)

ly significant. Additive genetic variance is low
for fruit weight and fruit density, medium for
tree size, inflorescence length and seed size,
large for softening time and harvest duration
and largest for flowering intensity.

Non-additive genetic variance was presumed
to exist from the deviation between the mean
of selfing progeny and their parents (Table 2)
as well as from the variance of the interaction:
males X females (FaLconer 1960, HiLLEL et al.
1972, MatHER and Jinks 1971). High levels of
C.V. of the variances within crosses and within
selfings were used to support the presence of
the variance although part of the C.V. could
result from non-genetic factors. Tree size,
flowering intensity, fruit density, and inflores-
cence length, have high levels of non-additive
genetic variance. In all fruit traits, namely,
fruit weight, seed size and softening time, non-
additive genetic variance was absent or very
low. In all traits, except probably seed size,
‘Ettinger’ has abundant non-additive genetic
variance.

The environmental variance was probably
high in fruit weight, inflorescence length, and
softening time. This finding was deduced from
the low coefficient of variation within selfings
of this trait, together with the indication for
low non-additive genetic variance mentioned
above.

Genetic profile of cultivars (Table 7)

Heterozygosity and dominance deviation:
Heterozygosity level and dominance deviation
which are confounded in the present study
were assessed from the statistically significant
difference between each selfing progeny mean
and its parents’ performance (Table 2), and
from the interaction between females and
males (Table 4). Tree size, flowering intensity,
fruit density, and inflorescence length were
characterized by a high level of heterozygosity
and/or a high level of dominance deviation.
The fruit traits: fruit weight, seed size, and
softening time are of low heterozygosity or
codominance mode of inheritance in most cul-
tivars. In no trait was these a strong indication
for low level of heterozygosity.

Cross of special performance: All crosses (in-
cluding selfings) were compared in each trait
within each cultivar to identify the best combi-
nation producing the optimal horticultural
performance.
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Alleles responsible for increased perform-
ance: In cases where the deviation between
the selfing progeny mean and cultivar perform-
ance (Table 2) was statistically significant, a
decrease in performance of the selfing progeny
was interpreted as dominance of the increasing
alleles at most loci which control the trait and
vice versa. In most cases the increasing alleles
were found to be dominant. Only in the case
of softening time and harvest duration in some
cultivars (‘Ettinger’ and ‘Rosh-Hanikra’) were
the increasing alleles recessive.

Maternal inheritance: Maternal inheritance
was considered to be apparent in crosses where
the interaction Reciprocals X Crosses was
statistically significant. We used this criterion
since comparison between the upper and lower
triangles of the “set of crosses” table could be
not informative due to possible maternal ef-
fects of opposite direction. In four crosses
reciprocal comparisons were available for all
traits: “Tova’ X ‘Fuerte’, ‘Tova’ X ‘Ettinger’,
‘Rosh-Hanikra’ X ‘Ettinger’, and ‘Horshim’ X
“Tova’. In most traits, maternal inheritance
was not observed except for tree size and pos-
sibly in fruit weight in the cross ‘Ettinger’ X
‘Rosh-Hanikra’ (Table 4).

In tree size, maternal inheritance was appa-
rent in two crosses: (1) ‘Rosh-Hanikra’ X ‘Et-
tinger’ (51 seedlings), tree size was larger by .8
scale grade than the reciprocal cross (20 seed-
lings, P =0.007); and (ii) in ‘Horshim’ X
“Tova’ (240 seedlings), tree size is smaller by .7
scale level than the reciprocal cross (31 seed-
lings, P = 0.002). In fruit weight, the mean of
the cross ‘Rosh-Hanikra’ X ‘Ettinger’ is 65 gr.
smaller than the mean of the reciprocal cross
(P = 0.005).

Discussion

The lack of a suitable model for analyzing the
results of this avocado breeding project allows
the genetic characterization to be expressed in
qualitative rather than quantitative terms.

All traits analyzed, except fruit weight were
evaluated as scale measurements. It is impor-
tant to emphasize that five of them: fruit
weight, inflorescence length, seed size, soften-
ing time, and harvest duration were rated ob-
jectively by weighing (gr) or measuring (cm
and days). The other three: tree size, flowering
intensity, and fruit density, were carefully

scored by an avocado expert who evaluated the
seedlings over 2—S5 years of yielding and used
parent cultivars for reference.

In the present report, we have shown that
genetic variance (additive and non-additive) is
pronounced in the avocado cultivars analyzed
regarding all the quantitative traits analyzed.
‘Ettinger’ which was represented with the
largest progeny number is distinguished by
large non-additive genetic variance and high
heterozygosity level for all traits. However, in
some of the other cultivars there are indica-
tions of low heterozygosity level in some traits
and low non-additive genetic variance. This
finding may be a reflection of population
structure or the result of being based on rela-
tively small progeny.

Choosing parents for crosses in a breeding
project should be based on the level of additive
and non-additive genetic variance in the rele-
vant traits. In cases of high additive variance,
parents should be chosen on the basis of their
phenotypes while in cases of high non-additive
genetic variance, parent should not be chosen
entirely according to their phenotypes. Cross-
es in the latter case should be aimed towards
increasing the genetic variance in the progeny,
hoping to create optimal gene combinations.

Based on the results reported in the present
study, we can draw some practical breeding
conclusions regarding the following avocado
traits:

Tree size: Non-additive genetic variance is
apparent. Therefore, trees of small size can be
recovered among progeny of both selfings and
crosses between cultivars. The selfing progeny
of the tall ‘Ettinger’ gives the smallest tree size.
Note that “Tova’ progeny (selfings as well as
hybrids), tend to have a larger tree size than
the cultivar itself.

Flowering intensity: The genetic variance is
relatively high and significant, including both
additive and non-additive components. Al-
though ‘Fuerte’ has the highest flowering in-
tensity, the mean of ‘Fuerte’s progeny is simi-
lar to the progeny mean of other cultivars.
Note that in all crosses, flowering intensity in
each parent cultivar is greater than its mean
progeny performance. Only the progeny of
‘Rosh-Hanikra’ resembled the cultivar per-
formance. Selection among progeny of crosses
between cultivars might yield genotypes of
high flowering intensity.
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Fruit density: The mean progeny performance
of all cultivar crosses is lower than the fruit
density of the cultivar. Due to large non-
additive genetic variance, genotypes of higher
fruit density might be obtained by selection
among progeny of crosses between cultivars.
Fruit weight: Genetic improvement for fruit
weight based on the cultivars analyzed in this
research seems to be quite difficult, due to low
additive and non-additive genetic variance.
Since increasing alleles are probably dominant,
screening among selfing progeny is advised
only when decrease of fruit weight is the
breeding objective. The fruit traits — seed size,
softening time, and harvest duration have low
non-additive genetic variance and noticeable
additive genetic variance. Therefore screening
should be done among progeny of specific
cultivars (Table 6).

Seed size: ‘Rosh-Hanikra’ and its progeny
have the largest seed size. ‘Hass’ progeny have
a somewhat smaller seed size than the other
cultivars, although the difference was not sig-
nificant. Since the genetic variance of this trait
is limited, small seed size is a breeding objec-
tive which is quite difficult to achieve.

Softening time: ‘Rosh-Hanikra’ and its selfing
progeny have the shortest softening time,
while the selfing progeny of ‘Fuerte’ and
‘Hass’ have the longest. Given these differ-
ences are of genetic origin, it is advisable to use
‘Hass’ and ‘Fuerte’ as parents to achieve long
softening time.

Harvest duration: Selfing progeny of ‘Etting-
er’ have the longest harvest duration, although
the harvest duration of ‘Ettinger’ is limited
compared with that of ‘Fuerte’ and ‘Hass’. The
dominant alleles seem to extend the harvest
duration. Among the various orders, the prog-
eny of “Tova’ have the longest duration. The
variance within selfings is low, indicating small
environmental effects.

Genetic analysis of fruit trees and especially
avocado is quite limited, due mainly to the
long juvenile period and the tree size. The
present work suggests a biometrical analysis
from which some preliminary conclusions
could be drawn. It is important to note that
availability of molecular markers such as
RFLPs (BEckMaNN and SoLLER 1983) and DNA
fingerprint (DaLLas 1988, and our unpublished
results) will probably revolutionize fruit tree
breeding. Saturation of the tree genome with

such polymorphic markers will facilitate the
establishment of genetic linkage between these
markers and major genes controlling agricul-
turally-important  quantitative traits. The
breeder will overcome the above-mentioned
barriers by assessing the molecular markers at
the plantlet stage, thus being able to predict the
mature tree performance.

Zusammenfassung

Quantitativ-genetische Analyse von Eigen-
schaften bei Stimmen und Sorten von Avo-
cado

Folgende 8 Merkmale von Avocadostimmen
und -sorten wurden einer quantitativ-geneti-
schen Analyse unterzogen: Baumgrofie, Blii-
tenzahl, Dichte des Fruchtbehangs, Fruchtge-
wicht, Linge des Bliitenstandes, Samenge-
wicht, Nachreifezeit und Dauer der Erntepe-
riode. Fir die meisten Eigenschaften konnte
ausgepragte genetische Variation beobachtet
werden. Fiir jedes einzelne Merkmal wurden
mehrere Parameter geschitzt. Das Ausmaf der
Heterozygotie und die Dominanzabweichung
waren flir die Baumgrofle sehr hoch und nah-
men iber die anderen Merkmale bis zum Sa-
men- und Fruchtgewicht ab, fiir die nur gerin-
ge Werte ermittelt wurden. In den meisten
Fillen erwiesen sich die fiir eine erhohte Lei-
stung verantwortlichen Allele als dominant,
wobei in der Regel die Dominanz in gleicher
Richtung verlief. Die Sortenunterschiede der
Eigenschaften, die von den gleichen Allelen
gesteuert werden, varilerten von sehr stark bei
der Baumgrofle bis zu fast nicht mehr bemerk-
bar bei dem Merkmal Dauer der Ernteperiode.
Das Niveau der additiven genetischen Varianz
war bei den meisten Merkmalen hoch bis mit-
telhoch. Beim Fruchtgewicht und bei der
Fruchtbehangsdichte wurde jedoch eine nied-
rige additive Varianz festgestellt. Bei 4 Eigen-
schaften war die nicht-additive Varianz grof3,
wihrend sie sich bei den anderen 4 Merkmalen
als sehr gering erwies. Fiir das Merkmal Baum-
grofle wurden Anzeichen einer miitterlichen
Vererbung gefunden. Bei den Sorten ‘Fuerte’,
‘Hass’, ‘Ettinger’, “Tova’ und ‘Rosh-Hanikra’
wurden die Merkmale jeweils gesondert analy-
siert, um sowohl die oben erwihnten Parame-
ter zu schitzen als auch um Kombinationen
mit besonderer Leistung bestimmen zu kon-
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nen. Es werden praktische Schlulfolgerungen
gezogen, die helfen sollen, eine fiir die Avoca-
do-Ziichtung wirksamere Auswahl der Kreu-
zungseltern zu ermoglichen.
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