Genetics of Growth and Quality Characteristics of Eucalyptus
camaldulensis Dehnh.

By G. O. OreceeYE*) and I. SAMARAWIRA**)

(Received 24th October 1991)

Abstract

Genetic parameters were estimated for 10 growth and
quality characteristics of Eucalyptus camaldulensis grown
at two sites within the Northern Guinea Savanna Zone of
Nigeria. The characteristics are tree height, diameter at
breast height, number of forks, first fork height, number
of stems/fork, stem form, branch diameter, branch angle,
number of branches and taper. Phenotypic variance was
higher than its corresponding genetic variance. Tree
height had the greatest genetic component and the highest
phenotypic and provenance coefficients of variation while
taper had the least values. High phenotypic coefficient of
variation was associated with high provenance coefficient
of variation.

High provenance heritability estimates ranging from
0.667 for taper to 0.946 for height were recorded for the
characteristics. However, high heritability was not gen-
erally associated with high provenance coefficient of
variation, Expected genetic advance obtained ranged from
7.14%0 for taper to 58.14% for number of forks. High
heritability was not generally associated with high genetic
advance.
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Introduction

The tree species that naturally occur in the Savanna
region of Nigeria are very slow in growth. It is therefore
difficult to develop plantations that will quickly close
canopy so as to protect the soil from degradation and
prevent annual fires that ravage the region. Moreover,
because of these annual fires, these tree species develop
gnarled stems that make them practically useless for the
production of sawn timber and poles. It is therefore not
possible to meet the ever increasing demand of the people
for wood and other wood products. There was therefore
the need to identify exotic tree species that will exhibit
rapid growth and desirable morphological characteristics.
Eucalyptus camaldulensis, which is a species of savanna
woodland, is among the exotic tree species that can be
used for afforestation programmes in the region.

In order to identify the most suitable provenance(s) of
E. camaldulensis for use in the Nigerian Savanna, a
provenance trial -was -carried out on the species ln
1967 at different sites within the region. Previous report
(OTEGBEYE and SAMARAWIRA, 1989) has shown the variation
patterns in the 18-year growth and quality characteristics

Table 1. — Form of combined analysis of variance over sites for each characteristic of 10
provenances of Eucalyptus camaldulensis examined at Kabama and Afaka.

Source of Mean
variation df square Expected mean square
Site s-1 MS, 6§ + Péf.(s) + prég
Replication (Site) s(z-1)  Ms_ ) 6 -+ péf(s)

2 2 2
Provenance p-1 Msp 6 e * réps + rsép
Pxovenance x site (p=1)(s-1) MSps 65 + réss
Brror s(p-1)(x-1) Ns_ é
where,

number of sites
number of replications

p = number of provenances
MS =
a’e = error variance
o? s = provenance x site interaction variance
"’p = o’g = genetic variance among provenances.
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observed mean s.uare of the corresponding subscripted source of variation
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of the species. The aims of this study are therefore to:
estimate some genetic parameters for the growth and
quality characteristics of E. camaldulensis; show the
degree to which provenance selection can be used in the
improvement of this species.

Materials and Methods

The provenance trial of Eucalyptus camaldulensis estab-
lished in 1967 at Kabama (lat. 1198'N, long. 7°42’E) and
Afaka (lat 10°37°N, long. 7°17’E) which are both in the
Northern Guinea Savanna Zone of Nigeria was used for
the study. Ten provenances whose descriptions have been
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given in earlier papers (OTecseye, 1985; OTEGBEYE and
SAMARAWIRA, 1989) involved in the study include three
from Queensland (Petford, Bullock Creek and Eulo), four
from Northern Territory (Katherine, Tennant Creek,
Newcastle Waters and Alice Springs), two from Western
Australia (Mundiwindi and Willuna) and one from New
South Wales (Silverton), all in Australia. The nursery and
field cultural practices followed have also been given
(OTeGBEYE, 1985; OTEGBEYE and SAMARAwira, 1989). The
experimental design used was a randomized complete
block design with five replications and 36 trees per plot.

Sixteen inner trees per plot were assessed for tree height,
diameter at breast height (DBH,) number of forks, first
fork height, number of stems/fork, stem form, branch
diameter, branch angle, number of branches and taper in
1985 when trees were 18 years old. Details about the
assessment procedure have been given (OtEceeye and Sa-
MARAWIRA, 1989).

Combined analysis of variance over the two sites (Table
1) was carried out for each of the 10 characteristics using
plot means since combined analysis reduces error and
provides more valid estimates of variance components.

Phenotypic, provenance, provenance x site interaction
and environmental components of variance for each
characteristic were estimated using the appropriate mean
square (MS) values as follows:

2
0%, = MS,
MS, — MS
2 . 2 = P8 . .
0% = 0 & s - Genetic variance among
provenance means,
s . _ Ms,, — MS, o
O%ps = Ogg = T = Provenance Xx site inter-
action variance.
o, = 0% 1+ 0%, T+ 0% = Phenotypic variance among

provenance means.

Phenotypic coefficient of variation (P. C. V.) and prove-

nance coefficient of variation (G. C. V.) were estimated

for each of the 10 characteristics using the relationships
suggested by Jounson et al. (1955) and Hanson et al. (1956).
P.C.V. (%) = ]/ o

b¢

X 100

2
G.C.V. (%) =V Pe % 100
%

where ¢, and ¢%; are as defined above
% = mean of the characteristic.

A use of variance components in tree improvement studies
is for predicting genetic gain through provenance selec-
tion (BurLEy and Woop, 1976). A ratio of variance that
we call a heritability of provenance means (h%) was
therefore estimated for each of the characteristics using
the relationship:
oy

h?, =

O'tg + Ozgs/r + 023/ rs
where o’g and o?;, are as previously defined
0%, = error variance
r = number of replications
s = number of sites
A genetic advance (GA) can also be estimated thus:
_ 0% (BurToN and DEVANE, 1953; JOHNSON
GA = Fo K %h ot a1., 1955; Lenic and WinTmoxe, 1981).
where: o%; and o?y, are as earlier defined
selection differential expressed in
phenotypic standard deviation.
K(selection intensity) was assumed to be 2.06 which is the

Koph =



Table 3. — Estimates of phenotyplc variance (o® ), provenancevariance (¢ ), provenance x site interaction variance (o® ) and
environmental variance (u’) for 10 characterlstlcs of 18-year-old provenances of Eucalyptus camaldulensis grown at Kabama and

Afaka.
Characteristics 612311 62 62 62
P ) e
Height 8.164 7.723 0.879 2.650
Diameter at breast height 3.944 3.531 0.472 3.183
Number of forks 0.022 0.018 0.002 0.034
First fork height 0.755 0.580 0.129 +489
Number of stems/fork 0.040 0.031 0.013 0,061
Stem form 0.087 0.073 -0.007 0.140
Branch diameter 0.194 0.164 0.022 0.260
Branch angle 0,065 0.057 0.008 0.068
Number of branches 1.435 1.055 0.111 3.574
Taper 0.003 0.002 0.001 0,010
Table 4. — General mean, estimates of phenotypic coefficient of variation (P.C.V.), provenance coefficient of variation (G.C.V.),

provenance heritability (h? ), expected genetic advance ( A\ G) and expected genetic advance as percent of mean for 10 characteristics
ot 18-year-old Eucalyptus camaldulensis provenances grown at Kabama and Afaka.

Characteristics General p.c.v. %  G.C.V. % h§ 46 Ae a% Dercent
Height 18.87m 65.78 63,97 0.946 5.568 29,51
Diameter at breast height 18.20cm 46,53 44 .05 0.895 3.663 20.13
Number of forks 0.43 22.62 20,46 0.818 0.250 58.14
First fork height 2,41m 55.97 49.06 0.768 1.375 57.05
Number of stems/fork 0.69 24,08 21.20 0.775 0.319 46.23
Stem form 3.14 16.65 15,25 0.839 0.510 16,24
Branch diameter 3.00cm 25.43 23.38 0.845 0.767 25,57
Branch angle 3.00 14,72 13,78 0.877 0.461 15.37
Number of branches 11,51 35,31 30.28 0.725 1,814 15,76
Taper 1,05 5.35 4.36 0,667 0,075 7.14

ecpectation when 5% of provenances are selected. Since
many breeders prefer to think of advance as percent of
population mean (BurToN and DEevanE, 1953), the advance
obtained for each characteristic was expressed as percent
of the population mean (X) for the characteristic thus:

GA
GA as % of mean = —,_(—x 100.

Results and Discussion

The results of the combined analysis of variance (Table
2) show that, except for taper, there were detectable
provenance differences in all the characteristics. Pheno-

typic, provenance, provenance x site interaction and en-
vironmental variance components estimated are presented
in table 3. The phenotypic variance was a little higher
than its corresponding provenance variance in all cases
showing that the characteristics were slightly more in-
fluenced by environmental influences than by genetic
effects.

The heritability of provenance effects was estimated for
each of the characteristics and presented in table 4. High
heritability estimates ranging from 0.667 for taper to 0.946
for tree height were obtained.

By itself, the provenance heritability does not indicate
the amount of genetic improvement that can be achieved
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through provenance selection (Jounson et al., 1955). It has
therefore been suggested that high heritability coupled
with high genetic advance is the true index for effective
selection (Jounson et al., 1955; Swarup and CHAUGALE, 1962).
The genetic advance estimated for the first generation
from provenance selection ranged from 0.075 for taper to
5.568 for tree height (Table 4). When expressed as percent
of mean, the values obtained ranged from 7.14% for taper
to 58.14% for number of forks. High provenance herit-
ability was not in most cases associated with high genetic
advance, which is very much in agreement with the ob-
servation of Swarur and CHAUGALE (1962). The provenance
heritability estimated for any one characteristic is useful
when high selection gain in that characteristic is also
feasible (Kaur and Baun, 1974). In the present
study, a genetic advance as percent of mean of 15.00
would be considered high. For instance, a 10% increase
in DBH will, in strict mathematical terms, result in ap-
proximately a 20% increase in basal area, hence in volume
(LAURIDSEN et al., 1987). Even small improvements become
economically important in large planting programmes
(ZoseL, 1977). Over 15% genetic gain was recorded for all
the characteristics except taper. Coupled with their high
provenance heritability estimates, a reasonable level of
genetic improvement can be achieved through provenance
selection for each of the characteristics. Although taper
had a fairly high provenance heritability, its genetic
advance was low.
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Abstract

Data from 57 slash pine open-pollinated progeny tests,
585 different families and approximately 70,000 trees were
used to estimate genetic parameters (heritabilities, Type B
genetic correlations between measures of a trait on two
sites, and genetic correlations between two different traits)
for cumulative growth traits at ages 5, 10 and 15, and in-
cremental and relative growth rates between ages. A
modification of an analytical approach discussed by Bur-
poN (1977) made use of all possible pairs of progeny tests
with common families to estimate parameters. Herit-
abilities for cumulative growth traits (height, DBH,
volume) in slash pine at age 5 are low, on the order of

1) This is Journal Series No. R-02357 of the Institute of Food and
Agricultural Sciences, University of Florida, Gainesville FL,
32611. We gratefully acknowledge the efforts of Grec PowsiL,
Harm Kok, and the CFGRP cooperators whose efforts in collec-
ting and managing the data made these analyses possible.
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0.05 to 0.10, and increase to 0.12 to 0.16 by ages 10 and 15.
Genetic correlations of age 5 growth traits with the same
trait at age 10 or 15 were moderate (0.5 to 0.7), while age
10 and 15 growth had extremely high correlations (ap-
proximately 1). Finally, Type B genetic correlations were
higher between pairs of locations of similar site indices
(< 2.6 m different) than between pairs of locations with
very different site indices (= 2.6 m different). This in-
dicates that genotype x environment interaction arises
from differences in site quality, and suggests that large
site index differences between progeny test sites and
commercial production land will decrease the reliability
of progeny test data in predicting breeding values.

Key words: Heritability, genetic correlation, Type B genetic cor-
relation, genotype x environment interaction, juve-
nile-mature correlation, Pinus elliottii ENGELM. var,
elliottii.

Introduction

Precise and accurate genetic parameter estimates are
crucial for making sound decisions in many stages of a tree
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