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ABSTRACT

Overestimation of the genetic parameters is common in palms
due to the occurrence of geitonogamy and the absence of self-
incompatibility mechanisms. Data from nursery grown
Archontophoenix palms were utilized, assuming a mixed mating
system including random cross-pollination and selfing at different
rates. The objective was to show the importance of knowing the
mating system predominant and define breeding strategies for that
genus. Twenty-four King palm half sib families were evaluated at
nursery conditions using arandomised complete block design, with
ninereplicationsand eleven plants per plot. Ten months after sowing,
traits such as diameter, height, number of green leaves and length of
theleaf sheath of the second | eaf, wereindividually measured. Traits
related to biomasswere al so estimated through regression procedure.
It was concluded that King palm cannot be considered allogamous
and the mixed mating system model should be used when estimating
genetic parameters. At least 50% of selfing occurred at the time of
pollination in the mother plants. The multi-effects index, using al
random effects of the linear model, provided the highest selection
accuracy for al traits, whatever theindividual heritability level, and
should be used in King palm heart-of-palm breeding programs. Under
the allogamous model, the effective size of the studied population
was equivalent to 93 unrelated individuals. This sizewas reduced to
32 palms under the mixed model; even so this population has enough
variability to allow genetic progress by selection.

Keywords: Archontophoenix, Alexander paim, Bangalow palm,
heritability, selection, growth traits.

RESUMO

Estimativa de par ametros genéticos em palmeira real aus-
traliana por meio de modelo misto de reproducio

E comum a superestimativa de parametros genéticos em pal-
meiras devido a ocorréncia de geitonogamia e a auséncia de meca-
NisMos que assegurem a autoincompatibilidade. Dados obtidos em
viveiro com pameiras do género Archontophoenix foram utiliza-
dos, assumindo um sistema reprodutivo misto, com a ocorréncia ao
acaso de diferentes taxas de polinizacdo cruzada e autofecundagéo.
O objetivo foi mostrar aimportancia do conhecimento do sistema
reprodutivo predominante e definir estratégias de melhoramento para
0 género. Vinte e quatro familias de meios-irméos foram avaliadas
em condicBes de viveiro usando o delineamento de blocos comple-
tos casualizados, com nove repeticdes e onze plantas por parcela
Dez meses apds a semeadura, 0s seguintes caracteres foram indivi-
dual mente mensurados: diémetro, atura, nimero defolhasverdese
comprimento do limbo foliar da segunda folha. Caracteres relacio-
nados a biomassa foram também estimados por meio de regresséo.
Concluiu-se que apameirareal australianando pode ser considera-
da como alégama e que o modelo que considera um sistema
reprodutivo misto deve ser utilizado quando da estimativa de
parametros genéticos para esse género. Estimou-se que pelo menos
50% de autofecundagéo ocorreu nas plantas matrizes. O indice multi-
efeitos, utilizando todos os efeitos ao acaso do modelo linear, pro-
porcionou amaior acuracia de selegdo para todos os caracteres ava-
liados, sendo recomendado seu uso em programas de mel horamento
com Archontophoenix. Sob 0 modelo de alogamia o tamanho efeti-
vo da populago foi equivaente a 93 individuos ndo aparentados.
Esse tamanho foi reduzido a 32 palmeiras quando o modelo misto
foi considerado; mesmo assim ha suficiente variabilidade para per-
mitir progresso genético por selecéo na populagdo em estudo.

Palavr as-chave: Archontophoenix, seafortia, herdabilidade, selegdo,
caracteres vegetativos.
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arge-scale palm plantations for

heart-of -palm production have been
done since 1990 utilizing fast growing
species in replacement of predatory
exploitation of Euterpe edulis Mart
(Tabora et al., 1993; Bovi, 1997).
Particular attention has been paid to fast
growing palms that could provide a
heart-of-palm similar to the one
produced by the former. Two major
Archontophoenix species, Australian
paims utilized worldwide as
ornamentals (Meerow, 1992; Jones,
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1994; Lorenzi, 1996), have been
recently cultivated in Brazil asasource
of high quality heart-of-palm (Ramoset
al., 1997; Bovi, 1998; Tagliari, 1998).
Due to the increasing interest in this
palm, a breeding program started with
that genus including germplasm
collection, seedling evaluation in
nursery conditions and progeny testsin
field trials.

Palms are perennial plants where
breeding has been concerned primarily
with yield characteristics of the

individual. Emphasis is on general
combining ability, which is most
effectively handled by mass and family
selection (Breure & Bos, 1992; Durand-
Gasselin et al., 1999). The length of
generation time, added to space required
for trials, limit the flexibility in the
development of breeding populations
(Hartley, 1977; Hardon, 1982). Another
drawback is the mating system.
Although palms are considered
preferentially cross-pollinating species
(Burquez et al., 1987; Tomlinson, 1990;
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Akpan, 1994; Bernal & Ervik, 1996;
Ervik & Bernal, 1996), the selfing rating
could be quite large due to the
occurrence of geitonogamy and the
absence of self-incompatibility
mechanisms (Scariot et al., 1991; Bovi
et al., 1994). Therefore, conventional
genetic models cannot be applied to
most palm species because they can
result in overestimation of the genetic
parameters. Cockerham and Weir (1984)
proposed a model for species with a
mixed reproductive system that allows
better characterisation of the genetic
structure of such populations.

The present paper deal swith studies
performed in nursery conditions with
germplasm collected from cultivated
populations of the Archontophoenix
genus, taking into consideration traits
highly related to heart-of-palm yield
components (Clement & Bovi, 2000;
Bovi et al., 2001). Thegenetic variation
and genetic gain associated with
individual and multi-effect index
selection (BLUP) in this breeding
population were compared, assuming a
mixed mating system including random
crosspollination and selfing at different
rates. Thisappearsto bethefirst attempt
to estimate genetic parameters and to
improve King palm in the world.

MATERIAL AND METHODS

Geneticmaterial, statistical design
and measurements

The genetic material consisted of 24
open pollinated half-sib families
obtained from Archontophoenix plants
sampled in Santa Catarina, Brazil. The
seeds were collected by researchers
from EPAGRI and sent to Instituto
Agronémico de Campinas in
individually tagged plastic bags. The
seeds were weighted and counted and
set to germinate in polyethylene bags
(14 cm open diameter x 20 cm height)
in nursery conditions (75% of sun
incidence). The subtract was composed
of soil and cow manure (3:1, involume;
with capacity for 1.26 kg or 1.3 L) in
accordance with the recommendation
provided by Bovi (1998). Two months
after sowing, the seedlings, in the one
eophile stage, were set out in a
randomised complete block design with
24 treatments, nine replications and
eleven plants per single line plot.
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The limes were everly spaced (15 cm
between bags) to avoid competition. Ten
months after sowing, the plants were
individually evaluated by measuring
diameter, height, number of green leaves
and length of the longest leaf (usually
the second leaf), following standard
practice usedin palm research (Clement
& Bovi, 2000). As plant growth
measurements represent the increase in
plant material resulting from
photosynthesis and mineral absorption,
individual above-ground (shoot) and
total biomass, at fresh (shofre and
biofre) and dry weight basis (shodry
and biodry), were estimated using
destructive samples from a contiguous
experiment, with plants from the same
families, and a stepwise regression
procedure. Another index of seedling
growth utilized in this study was the
product of leaf number and the length
of the longest leaf (nulen). It has been
shown that this non-destructive index
increased exponentially with age in the
same fashion as total seedling fresh
weight (Corley, 1982).
Statistical M odel

The linear model for an individual
observation in the progeny test is:

Yijk =u+ bj +tpte+ dijk , where: u
= genera mean, fixed, E(u) =u and E(u?)
=7, = block effect, fixed, E(b)=0and
E(b?=0, p, = progeny effect, random, E (p)=0
and E(pz):bf) = plot effect ij, random,E(e )=0

i ]
and E(e?)=02; d, = Within plot effect ijk,
random, E(d _k)=0 and E(dz_k)=c52d.

Genetic Parameters Estimation
and Selection Methods

Genetic and phenotypic parameters
estimates were obtained by using the
SEL EGEN, genetic statistical software,
developed by Resende et al. (1994).
Narrow sense heritability coefficients
associated to individual within block
(h?), individual within plot, plot and
family effects were estimated following
expressionsprovided by Resende & Higa
(1994) and assuming a mixed mating
system with salf pollination ratesvarying
from 0 to 70%.

The optimal selection procedure (the
one that maximizes the correlation
between predictand and predictor) is
given by themulti-effectsindex: | =b1dijk
+hp +b,e

The multi-effects index coefficients
are:

b = =" = heritability”

-

of the within plot effect;
|+ [rafs I} P

b : ”

P g = o S = s ]

heritability” of the progeny effect;

b, = M = heritability”

d
[ o S

of the plot effect, -

where p is the additive genetic
correlation between individuals within
family: p, = (1/4) for half-sibs and p, =
(1/2) for full-sibs; n is the number of
plants per plot; b is the number of
replications and = = {1/ = isthe
additive genetic variance. For the
balanced case, the multi-effects index
is equivalent to individual (animal
model) BLUP, as demonstrated by
Resende & Fernandes (1999).

The narrow sense heritability
coefficients associated to individual
within block (h?), were estimated by the
expression: 1" —

Genetic Model

The genetic model reported by
Cockerham & Weir (1984) was used.
Under this model the total genetic
variance (02) of a population with a
mixed mating system is given by
T il

. 1 § y
T 1 o I ] bt g

FE(I=Fy H+(F - F9H -1,
where F is the Wright inbreeding
coefficient (obtained from the selfing
rate S: F = §(2-)) and F, is the joint
inbreeding coefficient for two loci,
given by F_= [F (1+2F)]/(2+F). The
following parameters are defined: (62):
additive genetic variance; (02):
dominance genetic variance; D, :
covariance between additive effectsand
homozygous dominance effects; D.:
genetic variance of the homozygous
dominance effects; H: sum of the
squared inbreeding depression effects;
H2 square of the sum of inbreeding
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Table 1. Individual narrow sense heritability coefficients associated to the different assumed selfing ratesfor nine variablesfrom King palm
families grown under nursery conditions at Campinas, Brazil. Campinas, IAC, 2000.

Selfing rate (%)

Trait 0 20 30 40 50 60 70
Diameter 141 108 0.83 0.64 0.49 0.37 0.26 0.18
Height 2.21 182 153 1.31 113 0.98 0.86 0.76
Leaf length 218 1.80 151 1.29 1.1 0.97 0.85 0.76
Leaf number 0.90 0.69 0.54 0.41 0.31 0.23 0.17 0.12
Nulen 3.92 3.01 232 1.79 1.36 1.02 0.74 0.50
Shofre 1.97 162 136 116 1.00 0.87 0.77 0.68
Biofre 2.30 1.91 1.60 137 118 1.03 0.90 0.80
Shodry 2.04 168 1.41 120 1.04 0.90 0.79 0.70
Biodry 1.97 162 137 116 1.00 0.87 0.77 0.68

nulen - product of leaf number by the length of the longest leaf.
shofre and biofre — shoot and total biomass at fresh weight basis, respectively.
shodry and biodry - shoot and total biomassat dry weight basis, respectively.

depression effects. Using this model,
Resendeet al. (1995) derived thegenetic
relationship coefficients (pg), which
permit the genetic parameters estimation
and genetic gain prediction by taking
into account the nature of the mixed
mating system.

The multipliers associated to model
with complete dominance are always
equal or superior to those associated to
the completely additive model. Then,
taking the multipliers of the completely
additive model is a conservative
approach, which can lead, in the worst
case, to underestimation of genetic gain.
It can be pointed out that adopting the
multipliers4/(1+ S)% 2(1+ S)/(1 +
S)% 1; 4(1 + S)2— 1 for the covariances
associated to mass, parent, among
families and within families is a safe
strategy. Based on that, the present paper
considered the completely additive
model, using (1+S)%4 as relationship
coefficient (pg) .

Effective Population Size

The effective population size (N) of
the breeding population was cal cul ated by
the following formulae (Resende, 2002):

N2-Fip

| o

Where p is the number of families,
n is the number of individuals per
family; S is the selfing rate and (62)
(which is zero in the present situation)
is the variance of n. This expression is
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Erfn{i=28 =%

generic and can be used for allogamous
species by setting S=0, giving the
formulae;

b oo

A
i

]

RESULTSAND DISCUSSION

Significant family differences were
detected by the F test for all variables.
This indicates that there is sufficient
genetic variability to start a breeding
program with this population aiming to
improve growth traits closely linked to
heart-of-palm yield (Clement & Bovi,
2000; Bovi et al., 2001).

The experimental coefficients of
variation (Cve%) were low for all
variables (ranging from 4.78 to 14.00),
indicating high experimental precision
and good assessment criteria. It can be
concluded that directly measured traits
could be evaluated with slightly low
experimental error rateswhen compared
to indirect ones. Higher variation
coefficients have been generally
reported in nursery conditionsfor other
palms (Hartley, 1977; Satyabalan, 1984;
Ramadasan et al., 1985).

The coefficient of genetic variation,
expressed as percentage of the general
mean, was low for leaf number (7.80),
medium for plant diameter (16.08) and
high for al the other variables (23.65to
33.96), indicating greater genetic

variation for those latter traits when
compared to the former. It was noticed
that the variable nulen had similar ex-
perimental precision and genetic
variation as the total biomass at dry
basis. Therefore, due to the easiness of
being taken, it could be used asan index
to evaluate King palm growth.

The individual narrow sense
heritability coefficients associated with
the different assumed selfing rates for
theeight variablesare presented in Table 1.
As expected by the low coefficient of
variation and the high experimental
precision, the heritability estimates
showed high magnitudes. However,
with only one exception (leaf number),
all estimates for the zero selfing rate
were out of the parameter space, i.e.,
higher than 1. Thisshowsthat the genus
can not be considered as an allogamous
one and justifies the use of the mixed
mating system model. Although, in the
absence of reportsonfloral biology and
the breeding system of this genus, in
order to directly support our statement,
morphological description (Tomlinson,
1990; Meerow, 1992; Dowe & Hodel,
1994) coupled with field observations
led usto concludethat Archontophoenix
palms are monoecious, dichogamous
and protandric. Single inflorescence
units have male and female flowers
disposed in triads (two males
surrounding a central female flower)
aong raquilae segments. Male flowers
dehiscent seems to occur frequently in
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Table 2. Estimates of the weights used in the multi-effectsindex (as defined in the material and methods), individual narrow sense heritabilty
(h?), accuracy of selection by the methods of individual (Ac-ind), family (Ac-f), within family (Ac-w) and multi-effectsindex selection (Ac-
IME), as well as the relative efficiency of selection by the IME over the individual or mass selection (Efficiency) for nine variables from
King palm families grown under nursery conditions at Campinas, Brazil. Campinas, |AC, 2000.

50% Selfing rate

Trait b, b, b, e Acf Acw Acind AcIME Efficiency
Diameter 094 037 010 049 071 038 069 081 117
Height 099 100 037 098 073 067 099 100 101
Leaf length 098 100 030 097 073 068 098 100 102
Leafnumber 094 023 041 038 071 031 061 078 128
Nulen 098 100 025 090 073 064 093 097 104
Shofre 097 099 022 087 072 063 092 096 104
Biofre 098 100 033 100 073 074 100 100 100
Shodry 097 100 023 090 073 065 094 098 104
Biodry 098 096 024 087 073 062 092 096 104

nulen - product of leaf number by the length of the longest |eaf.
shofre and biofre — shoot and total biomass at fresh weight basis, respectively.
shodry and biodry - shoot and total biomassat dry weight basis, respectively.

the late afternoon or in the evening
(Oldroyd et al., 1992). Although the se-
xual phases of oneinflorescenceunit are
separated intime (8 to 28 daysin afew
observations carried out an cultivated
specimens), there can be on overlap
between different phases of one stem,
sinceit isquite common to observe two
to four inflorescencesin the same palm
at once. Therefore, selfing is possible
and may be an essential feature of
reproductive strategy of cultivated
Archontophoenix. Also, thereisno self-
incompatibility mechanism on that
genus, asindicated by the abundant fruit
set of isolated vigorous cultivated palm.
Entomophily (Cortopassi & Ramalho,
1988; Oldroyd et al., 1992) and
anemophily seem to be the effective
pollination syndromes, although the
importance of gravity, especially for the
occurrence of geitonogamy, is also
evident. The combination of thesethree
pollination syndromes, favouring at the
same time xenogamy and autogamy,
clearly enhances the adaptability of the
genusto awiderangeof habitats. Infact,
high adaptability is the major attribute
of Archontophoenix palms, responsible
for being utilized worldwide as orna-
mental (Meerow, 1992; Dowe & Hodel,
1994; Jones, 1994). Archontophoenix
seeds germinate fast and easily (Jones,
1994; Lorenzi, 1996; Bovi, 1998) and
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are mainly dispersed by birds (Innis,
1989) and mammals. The adaptability of
Archontophoenix speciesis so high that
recently Maunder et al. (2001)
considered the species A. alexandrae as
invasive. The authors reported that A.
alexandraeisnaturalisedinlow elevation
valeysin Hawalii, having escaped from
abotanic garden collection. Therefore, it
appearsthat Archontophoenix speciesare
in fact quite autogamous, because, in
Brazil aswell asin Hawaii, it hasahigh
dispersionwithout great vigour logt, even
coming from arestricted genetic base, as
the founder stocks of botanical gardens,
as pointed out by Maunder & Culham
(1998).

From the results of Table 1, it can
be pointed out that at least 50% of
selfing occurred at the time of
pollination in the mother plants that
provided the studied population. This
value of selfing rate made the estimates
of heritability of almost all traits lower
than 1. Then, the genus is prone to be
more autogamous than previously
considered. The heritability measures
the easiness of a trait, phenotypically
evaluated in the parents, to be
transmitted to the descendents
(Falconer, 1981). Heritability estimates
for vegetative traits in palm are hard to
find. In oil palm some authors (Corley
etal., 1973; Hardonet al ., 1972; Breure

& Corley, 1983) have shown that many
of the growth and physiological
parameters have medium to high
heritabilities (0.21to 0.65for vegetative
dry matter, for example) and are,
therefore, more easily modified by
selection. Ramadasan et al. (1985)
observed that heritability was high
(0.74) for shoot dry weight in coconut
seedlings. Nishikawa (1995) reported
heritability estimates based on progeny
means for pgjibaye (Bactris gasipaes
Kunth) varying from 0.29 to 0.13 for
plant diameter and from 0.61to 0.35for
leaf number, at 6 and 14 months after
planting, respectively. The same author
found that heritability estimatefor plant
height was low (0.24). Clement (1995)
reported heritability estimates for
pejibaye higher than 1 for varioustraits.
This author observed that in his studied
population there were strong indications
of inbreeding, with consequent
overestimation of the additive genetic
variance. It should be pointed out that
any estimates of genetic variances and
derived parameters are specific to the
population sample in the studied
environment. They varied alsowith crop
development, i.e. plant ontogenetic
stages (Falconer, 1981; Hodge & White,
1992; Balocchi et al., 1993).
Assuming a selfing rate of 50%, the
estimates of narrow sense heritability
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associated with therandom effects of the
linear model, aswell asthe accuracy of
selection by several methods and
selection efficiency of the multi-effects
index over mass sel ection, are presented
inTable2. It can be seen that multi-effects
index (IME) provided the highest
selectionaccuracy for all traits, whatever
theindividual heritability level. However,
for the traits showing high heritability,
mass selection led to similar accuracy.
The relative efficiency of the multi-
effects index over mass selection, in
terms of genetic gain, ranged from 1%
to 28% (Table 1), except when h? was
one, in which case the superiority was
zero. Then, theIME isrecommended for
usein heart-of-palm breeding programs.
For the balanced case, this method is
equivalent to the best linear unbiased
prediction method or BLUP described by
Henderson (1984).

Besides the overestimation of
genetic parameters and gains, another
feature of ignoring the mixed mating
system of the genus is referring to
overestimation of the effective
population size of the breeding
population. Under the allogamous
model, the effective size of the present
experimental populationisequivalent to
93 unrelated individuals. Under the
mixed model, the effective size is
equivalent to only 32 unrelated
individuals, which means a third part
than previously thought. For the trait
leaf number, the accuracy of selection
by the IME under allogamy is 0.93,
reducing to 0.78 under the mixed mating
system. This means an overestimation
of 19% in genetic gain by ignoring
selfing. Thefigureof 32 for the effective
population sizeisstill enoughto provide
genetic gain in the short and long-term
recurrent selection programs. This is
corroborated by the high levels of
genetic variance as explicit by the
genetic coefficients of variation, which
ranged from 7.80% to 33.96% for the
severd traits.

To summarize, the mating system of
the genus should be investigated by
other studies, mainly using co-dominant
genetic markers (isoenzymes, RFLP or
microsatellites), as done recently for
other plant species (Collevatti et al.,
2001; Gaiotto et al., 2001). If confirmed,
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the predominance of selfing in such a
palm will impact the breeding and
germplasm collection strategies. With
such selfing rate (50%), 56.25% of the
genetic variability isamong familiesand
only 43.75% is within family (this is
given by (1 + S§)?* and 1 - (1+S9)%*,
respectively). These values are
contrasting to 25% and 75% under
allogamy. Therefore, the germplasm
collection should emphasize a great
number of mother trees (or popul ations)
with a few individuals per each. In its
turn, the breeding strategies should rely
on among families’ evaluation and
selection.
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