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Abstract

A total of 188 open-pollinated families of Eucalyptus
camaldulensis Dehnh. from 18 Australian natural

provenances and 15 selected Indian families of the
“Mysore Gum” land race were evaluated in three prove-
nance-family trials at contrasting sites in southern
India. At two years of age, the fastest growth was
recorded at the driest site in Tamil Nadu, where
E. camaldulensis provenances from Queensland were
superior to those from Northern Territory and Western
Australia, and the Indian land race. Provenance differ-
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which are widely planted and highly productive in high-
er-rainfall environments in Latin America (ELDRIDGE et
al., 1993) and southern China (WEI and BORALLHO,
1993). 

Systematic genetic improvement programs for Euca-
lyptus camaldulensis Dehnh. and E. tereticornis in
southern India coordinated by the Institute for Forest
Genetics and Tree Breeding (IFGTB) commenced in
1995 with fresh introductions of a wide genetic base
from natural provenances of these species (DORAN et al.,
1996). Unpedigreed multi-provenance seed production
areas (SPAs) of the two species were established using
bulked seedlots that combined more than 500 seed trees
from several major tropical natural provenances. Prove-
nance resource stands (PRSs) of three Queensland
provenances of E. camaldulensis, Kennedy River, More-
head River and Laura River (DORAN and BURGESS, 1993)
were also planted using bulked seed of these individual
provenances. These SPAs and PRSs have been selective-
ly thinned to remove phenotypically inferior trees and
now function as seed production areas. Progeny trials
were established using family seedlots collected from
selections made in existing southern Indian provenance
trials of both species (VARGHESE et al., 2001). At the
same time, new provenance-progeny trials of E. camald-
ulensis were planted at three locations to establish a
broad, pedigreed genetic base for the breeding program.
Smaller progeny trials of E. tereticornis were also plant-
ed. These trials were evaluated two years after planting
to study provenance and family performance and to
identify suitable provenances for each location (VARG-
HESE et al., 2000). After evaluation, the trials were selec-
tively thinned for conversion to first generation seedling
seed orchards (SSOs). The SSOs, SPAs and PRSs incor-
porate many thousands of trees of known natural prove-
nance. Together, they comprise a large base and
breeding population for genetic improvement of
E. camaldulensis and E. tereticornis in southern India. 

Apart from the production of high-quality seed and
ongoing genetic improvement of the breeding popula-
tions, the improvement program also envisages deploy-
ment of outstanding individual selections in clonal
plantations. Superior trees of E. camaldulensis and
E. tereticornis were identified either in the provenance-
progeny trials described above using index selection, or
in SPAs and PRSs using phenotypic selection (HEGDE

and VARGHESE, 2002). These trees were clonally propa-
gated and tested to select promising clones which might
out-perform seed of the best natural provenances and
clones that were commercially available from other
improvement programs (KULKARNI, 2002). This paper
summarizes the early performance of the pedigreed
breeding populations of E. camaldulensis and the tested
clones at contrasting sites in southern India, and con-
siders the effectiveness of the genetic improvement
strategy being followed.

Materials and Methods

Provenance-progeny trials

A total of 188 open-pollinated families of Eucalyptus
camaldulensis belonging to 18 natural provenances rep-

ences were less pronounced at the two higher-rainfall
sites in Andhra Pradesh and Kerala. Interaction of
provenance performance with site was significant. With-
in-provenance individual-tree heritabilities for height
and diameter at breast height (dbh) were low at the
three individual sites, ranging from 0.08 ± 0.05 to
0.19 ± 0.05 for height and 0.10 ± 0.05 to 0.19 ± 0.04 for
dbh. Across-site heritabilities, 0.07 ± 0.02 for both height
and dbh, were lower than those at individual sites. Phe-
notypically superior trees were selected from these trials
and seven other plantings of E. camaldulensis and
Eucalyptus tereticornis Smith in southern India and
cloned from basal coppice. A total of 78 E. camaldulensis
and 27 E. tereticornis selections, together with thirteen
commercially planted Eucalyptus clones and five superi-
or natural provenance seedlots, were tested in clonal tri-
als at three sites in southern India, the different indi-
vidual treatments being tested at from one to three
sites. Three years after planting, most clones selected
from E. camaldulensis trials and the commercial Euca-
lyptus clones were superior in volume production to
E. tereticornis clones and seedling controls at a dry site
in Tamil Nadu. A smaller number of clones, particularly
those of E. camaldulensis, were also superior to seedling
controls at an intermediate-rainfall site in Andhra
Pradesh. At a third high-rainfall site in Kerala, seedling
controls were superior to all but four of 46 clones tested.
Significant clone-by-site interaction was observed for
growth traits. At the dry site in Tamil Nadu, clones var-
ied widely in their wood basic density from 450 to 700
kg m–3, and there was no significant correlation of clonal
values for growth and wood density. The results confirm
that clones are best selected and tested in environments
similar to those where they will be deployed.

Key words: Eucalyptus camaldulensis, E. tereticornis, clone,
provenance trial, deployment, genotype-by-environment inter-
action.

Introduction

The total area of eucalypts planted in India is estimat-
ed to exceed 2,500,000 ha (DEWEES and SAXENA, 1995;
MIDGLEY et al., 2002). Several pulp and paper mills, for-
est departments and forest development corporations
have substantial areas of plantations either directly
under their control or in farmers’ land from which wood
is purchased. Most eucalypt plantations across India are
of ‘Mysore Gum’, a land race considered to be a mixture
of pure Eucalyptus tereticornis Smith and genetic segre-
gates of interspecific hybrids, displaying high variability
(KAIKINI, 1961). The growth of Mysore Gum is quite
slow, with mean annual increment of plantations aver-
aging around 7 m3 ha–1 (Chandra et al., 1992), and a
number of trials have demonstrated superior perfor-
mance of certain new eucalypt introductions (VARGHESE

et al., 2001) or selected eucalypt clones (LAL et al., 1993).
Eucalypts are the major raw material of the pulp and
paper industries in India, so it is imperative that planti-
ng stock of high genetic quality be used to increase the
yield from plantations. Much of the land available for
planting eucalypts in southern India experiences a
tropical climate with mean annual rainfall of less than
1000 mm and a long hot dry season of more than six
months, leading to poor performance and survival of
eucalypt species such as E. grandis Hill ex Maiden,
E. urophylla S.T. Blake and their interspecific hybrid,
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resenting three distinct geographical regions of Aus-
tralia (eleven provenances from Queensland, four from
Western Australia and three from Northern Territory)
were raised for establishment of provenance-progeny tri-
als in 1996 (Table 1, Figure 1). Open-pollinated families
from fifteen selected trees of the Mysore Gum land race
were included in two of the trials, which were estab-
lished at three locations in Kerala, Tamil Nadu and
Andhra Pradesh states in southern India, testing 182,
176 and 132 entries respectively (Table 2). The trials
used randomized alpha designs with row and column
incomplete blocks within replicates (WILLIAMS and TAL-
BOT, 1993) with five replicates and three-tree row plots
(five-tree row plots at Andhra Pradesh). Initial spacing
was 2 m between rows and 1.5 m between trees within
rows. Sites were cultivated by ploughing using tractors
for clearing the existing vegetation and fertilized with a
basal application of 50 g of NPK 17:17:17 fertilizer to
each plant. Manual weed control was provided as
required during the first two years. 

The trees were measured for height and diameter at
breast height over bark (dbh) 24 months after planting.
Survival exceeded 90% at two sites and the lower sur-
vival of 80% at the third site, Sathyavedu, was largely

the result of informal harvest by local people, so sur-
vival is not considered further. Individual trials were
first analyzed with ASReml software (GILMOUR et al.,
2002), using the following model:

Y = MEAN + REPL + PROV + ROW + (1)
COL + FAM + PLOT + RESID

where Y is the vector of observations, MEAN is the site
mean, REPL and PROV are the replicate and prove-
nance effects fitted as fixed factors, ROW, COL, FAM
and PLOT are the incomplete row blocks, incomplete
column blocks, family-within-provenance and plot
effects fitted as random factors, and RESID is the vector
of residuals. The significance of differences among
provenances was examined using F-statistics based on
Wald tests obtained from ASReml, and the significance
of differences among families within provenances was
examined using log-likelihood ratio tests. Within-prove-
nance individual-tree heritabilities for height and dbh
were calculated according to formula 2:

(2)

Table 1. – Details of provenances used in Eucalyptus camaldulensis progeny trials.

1 Qld = Queensland, NT = Northern Territory, WA = Western Australia.
2 Not all families were tested in each trial.
3 Latitude is N.
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where h2 is heritability, and σf
2, σplot

2 and σe
2 are the

variance components for 

FAM, PLOT and RESID respectively. This formula
assumes a coefficient of relationship of 0.3 for open-polli-
nated families of E. camaldulensis, which is known to
have high rates of out-crossing in natural populations
(BUTCHER and WILLIAMS, 2003). The significance of
provenance-by-site interactions and estimates of across-
site, within-provenance heritabilities for height and dbh
were obtained by analysing the combined data set from
all three sites using a model similar to (1) which incor-
porated site, provenance within site and replicate within
site as additional fixed effects.

Evaluation of clones

Trees judged outstanding in terms of their vigour and
stem form were selected from superior families and
provenances in the three provenance-family trials and a

Figure 1. – Locations of progeny trials and clonal trials in
southern India.
• = progeny trial; * = clone trial.

Table 2. – Details of trial locations of Eucalyptus provenance-progeny tests and clonal tests in
southern India.

further seven SSOs, SPAs and PRSs. Seventy-eight
clones of E. camaldulensis and 27 clones of E. tereticor-
nis were vegetatively propagated from basal coppice of
the selected ortets and tested at from one to three loca-
tions (Table 2). Nine commercial clones from Andhra
Pradesh and four commercial clones from Kerala with
known superior performance in their regions of origin
were included in the trials. Control seedlots of superior
natural provenances from among Laura River, Kennedy
River, Petford and Morehead River (Queensland) prove-
nances of E. camaldulensis and Helenvale (Queensland)
provenance of E. tereticornis were also included in the
trials. Thus four “taxa” were evaluated in the clonal tri-
als, namely E. camaldulensis clones and E. tereticornis
clones from the IFGTB improvement program, commer-
cial clones and control seedlots. The trials were laid out
using randomized alpha designs with incomplete row
and column blocks within replicates. Trials had five
replicates and either three-tree plots (at Karunya and
Sathyavedu) or two-tree plots (at Kulathupuzha), and
spacing of 3 m between rows and 2 m between trees
within rows. At each trial, height and dbh of all trees
were measured at age 3 years. At the Karunya trial,
wood cores were collected at breast height from either
three or four trees from each clone or seedlot using a
5 mm increment corer. Core volume was estimated by
the water displacement method and cores were then
dried at 105°C and oven-dry weight measured. Basic
wood density was calculated as the ratio of oven-dry
weight to green core volume. 

As with the family trials, analyses of the data from
the clonal trials were carried out in two stages. For each
site, mixed-model analyses were conducted for height
and dbh using the following model:

Y = MEAN + REPL + TAXON + ROW + (3)
COL + CLONE + PLOT + RESID

where Y is the vector of observations, MEAN is the site
mean, REPL and TAXON are the replicate and taxon
effects fitted as fixed factors, ROW, COL, CLONE and
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PLOT are the incomplete row blocks, incomplete column
blocks, clone-within-taxon and plot effects fitted as ran-
dom factors, and RESID is the vector of residuals.
Incomplete blocking factors were dropped from the mod-
els if their variance component did not exceed its stan-
dard error. The significance of differences between taxa
was determined using F-statistics based on Wald tests
obtained from ASReml. 

The analyses for height and dbh were then repeated
but with taxa omitted from the model, to obtain best lin-
ear unbiased predictions (BLUPs) for all individual
clones and control seedlots. Clonal repeatabilities and
their standard errors were then calculated using
ASReml according to the formula:

(4)

where CR is clonal repeatability, and σclone
2, σplot

2 and σe
2

are the variance components for CLONE, PLOT and
RESID respectively. The control seedlots were excluded
from the data sets for the calculation of clonal repeata-
bility. 

To provide an overall measure of growth performance
of each treatment at each site, a conical volume index
was calculated from the individual treatment height
and dbh BLUP values as follows: volume index = height
(in m) * dbh (in cm)2 * π/12. Gains in deployment,
according to this volume index, were calculated on a per-
centage basis for each site by comparing the mean vol-
ume, according to the index, of the best (approximately)
10% of clones (10 best clones at Karunya, 8 best at
Sathyavedu and 5 best at Kulathaphuzu) against the
mean volume of all clones at that site, and against the
volume of the best-performing natural provenance seed-
lot, which was Laura River provenance of E. camaldu-
lensis at all sites. 

Wood density at Karunya was analysed with ASReml
using a mixed model in which replicates and taxa were
declared as fixed effects and treatments within taxa
(clones or seedlots) as random effects. The analysis was
then repeated but with taxa omitted from the model, to
obtain best linear unbiased predictions (BLUPs) of wood
density for individual clones and control seedlots. Clonal
repeatability for wood density was calculated using the
formula:

Table 3. – Performance of E. camaldulensis provenances at two years.

1 Qld = Queensland, NT = Northern Territory, WA = Western Australia.
* = not tested in this trial.
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(5)

with control seedlots omitted from the data set for this
calculation.

Clone-by-site interaction for height and dbh was
examined using a restricted data set of the 30 clones
that were common to all three trial sites. A simplified
mixed model, omitting incomplete block effects, was
used in which site and replicate within site were speci-
fied as fixed effects, and clone and site-by-clone interac-
tion were specified as random effects. Across-site genetic
correlations were calculated as: 

(6)

where σclone
2 and σsite.clone

2 are the clone and site-by-clone
variance components.

Results

Provenance-family trials

Best growth was observed at the dry Pudukkottai site,
with an overall mean height of 5.68 m at 24 months
after planting (Table 3). Growth was poorest at the
higher-rainfall Panampally site (mean height of 4.33 m)
with the Sathyavedu site intermediate at 5.20 m.
Survival at 24 months was excellent at Pudukkottai
(95%) and Panampally (98%) and rather lower at
Sathyavedu (80%).

Provenance differences for height and dbh were signif-
icant (P < 0.001 or P < 0.01) at all sites (Table 3). The
across-site analysis of provenance performance showed
that for both height and dbh, provenances differed sig-
nificantly across the three sites (P < 0.001) and the
interaction of provenance and site was significant
(P < 0.001). Queensland provenances, particularly Pet-
ford, Kennedy River, Gilbert River, Laura River and
Morehead River, showed clear superiority over prove-
nances from the other two Australian regions at
Pudukkottai. The differences among Australian prove-
nances were less pronounced at Sathyavedu and
Panampally, where there was no marked advantage of
Queensland provenances over those from the Northern
Territory and Western Australia. Provenances from all
three regions in Australia displayed generally better

growth than the Mysore gum selections, which were
tested only at Pudukkottai and Panampalli.

Within-provenance, individual-tree heritability esti-
mates for height and dbh were low but significantly dif-
ferent from zero at all sites, ranging from 0.08 to 0.19
for height and 0.10 to 0.19 for dbh (Table 4). Pudukkot-
tai had the highest heritabilities. Across-site heritability
estimates, 0.07 ± 0.02 for both height and dbh, were
lower than those at individual sites, suggesting substan-
tial family-by-environment interaction. 

Clone trials 

Survival was generally high at Karunya and
Kulathupuzha, with all taxa displaying mean survival
of 89% or greater except for the seedling controls at
Karunya for which survival averaged 50%. At Sathyave-
du, survival was lower, ranging from 55% (E. tereticor-
nis clones) to 70% (E. camaldulensis clones and seedling
controls) but many of the losses were the result of infor-
mal harvesting by nearby residents. At Kulathupuzha,
many trees were affected by pink disease (Corticium
salmonicolor Berk.) and leaf blight (Cylindrocladium
quinqueseptatum Boedijn & Reitsma), which reduced
their growth but had not resulted in severe mortality at
the age of assessment. 

The best growth was recorded at Sathyavedu (Table
5), where overall mean height was 9.1 m at 36 months,
followed by Karunya (7.0 m) and Kulathupuzha (5.4 m).
At Sathyavedu and Karunya, the four taxa differed sig-
nificantly (P < .01) in height and dbh. At Kulathupuzha,
taxa differed significantly (P < 0.05) only for dbh.

The E. camaldulensis clones grew fastest on average
at Sathyavedu, followed by the commercial clones and
natural provenance seedlots, which showed comparable
growth. E. tereticornis clones were inferior in growth at
this site. The control seedlots performed poorly at
Karunya, while many of the clones performed poorly at
Kulathupuzha. The Laura River (Queensland) prove-

Table 4. – Estimates of within-provenance, individual-tree heri-
tabilities for height and dbh at each site, and across sites.

Table 5. – Mean height, dbh and wood basic density of four taxa in clone trials at 36 months.

n.s. = not significant.
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nance of E. camaldulensis was the best of the control
seedlots at all three sites. 

Differences between clones within taxa were highly
significant (P<0.001) for both height and dbh (Table 5).
Clonal repeatabilities for height and dbh were moderate
to high, ranging from 0.29 for height and 0.25 for dbh at
Sathayvedu to 0.62 for height and 0.55 for dbh at
Kulathupuzha (Table 6). Ranked on the volume index,
almost all clones (92 out of a total of 96) out-performed
the Kennedy River provenance of E. camaldulensis at
Karunya, whereas only 9 out of 76 clones at Sathyavedu
and 4 out of 46 clones at Kulathupuzha out-performed
Kennedy River E. camaldulensis (Table 7). The gains
from deploying the best 10% of clones relative to
Kennedy River E. camaldulensis varied greatly, being
modest at Sathyavedu and Kulathupuzha (25% and
35% respectively, Table 7), and much higher at Karunya
(109%). Across-site analysis of clonal performance
calculated following the method of WILLIAMS et al. (2002)
confirmed significant (P < 0.001) site-by-clone interac-
tion for height and dbh (data not shown). The wider
range of clonal rankings at Kulathupuzha also resulted
in a very high deployment gain for the best clones
relative to the mean of all clones tested there (166%,
compared to 34% at Karunya and 62% at Sathyave-
du). 

Clones belonging to superior provenances of E. camal-
dulensis selected from IFGTB progeny trials, SPAs and
PRSs were strongly represented among the 10% of
fastest-growing clones at each of the three clonal trial
sites (two of the top five clones ranked on volume index
at Kulathupuzha, eight of the top ten clones at Karunya
and six of the top eight clones at Sathyavedu). In con-
trast, IFGTB selections of E. tereticornis were only rep-
resented by one clone among the top five clones at
Kulathupuzha. Commercial clones were among the top
10% of clones at each site (one at Kulathupuzha, one at
Karunya and two at Sathyavedu).

Wood basic density at the Karunya trial ranged widely
among clones, from a minimum of 450 kg m–3 to a maxi-
mum of 700 kg m–3. While the taxa did not differ signifi-
cantly in their wood density, differences between indi-
vidual clones and seedlots within taxa were significant
(P < 0.001, Table 5). Clonal repeatability of wood density
in this trial was high, at 0.67. (Table 6).

Across-site genetic correlations for the 30 clones plant-
ed at all sites were relatively low, at 0.40 for height and
0.34 for dbh.

Discussion

Though eucalypts have been planted in India for over
a century, concerted genetic improvement programs
based on a wide genetic base have been initiated only

recently. Most of the improvement efforts have involved
identifying superior provenances and selection of indi-
viduals for deployment as clones. The provenance-family
trials reported here demonstrated substantial differ-
ences in the performance among the natural prove-
nances of E. camaldulensis from Australia, and their
superiority to selected families of the local Mysore Gum
land race. Superior provenances of E. camaldulensis
previously identified for the southern states of Andhra
Pradesh (CHATURVEDI et al., 1989), Tamil Nadu (KUMAR-
AVELU et al., 1995) and Karnataka (CHANDRA et al., 1994)
are the same as those identified in this study, and
include Petford, Gilbert, Kennedy, Morehead and Laura
Rivers from Queensland. 

Eucalyptus camaldulensis and E. tereticornis inter-
grade in parts of their natural range in Queensland
(DORAN and BURGESS, 1993). Certain superior prove-
nances such as Laura and Morehead Rivers, now classi-
fied as E. camaldulensis subsp. simulata by BROOKER

and KLEINIG (2004) were formerly identified as E. tereti-
cornis and their performance in India has been reported
as such (e.g. RAO, 1984) so comparisons of the perfor-
mance of E. camaldulensis and E. tereticornis must be
interpreted carefully. It appears that these two prove-
nances and also the nearby Kennedy River provenance
of E. camaldulensis are among the best-performing nat-
ural provenances in dry southern India. 

The clear superiority of Queensland seedlots at
Pudukkottai in Tamil Nadu suggests that the next gen-
eration E. camaldulensis breeding population for this
dry region should be comprised primarily of selections
from the best Queensland provenances. In support of
this, Petford (Queensland) provenance was reported to
perform well across several trials conducted by the
Eucalyptus Research Centre in Andhra Pradesh where
the annual rainfall is around 800 mm (CHATURVEDI et
al., 1989). Selections belonging to seedlots from other
regions in Australia (Northern Territory and Western
Australia) could be retained in breeding populations for
regions receiving higher rainfall. The local Mysore gum
selections tested in the current study were below aver-
age in their growth performance at the two locations
where they were tested. The inferiority of the Mysore
gum land race to introduced natural provenances of
E. camaldulensis supports the observation of BOLAND

(1981) that the most suitable material was not being
used for eucalypt planting programs in India. In con-
trast, local selections of E. camaldulensis made in Thai-
land were found to be on par with the best Queensland
natural provenances of this species in three provenance-
family trials (PINYOPUSARERK et al., 1996). The Thailand
trials tested a large set of 315 families incorporating
most of the Australian families included in our trials.
Growth rates of E. camaldulensis in the Thailand trials

Table 6. – Clonal repeatabilities for height, dbh and wood basic density in
clone trials at 36 months (± standard errors).
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were rather higher than those reported here, site means
for height at the three trial sites being 8.5, 8.1 and
5.3 m at age two years. 

Early growth in our trials was much faster than
growth of E. tereticornis provenances tested by GINWAL

et al. (2004) at three sites in northern India, where site
means for height at 21 months ranged from under 1 m
to 2.7 m. In these trials, local selections from the Indian
land races likewise displayed slower growth than the
better natural provenances of E. tereticornis from Aus-
tralia. Interestingly, the fastest-growing seedlot in these
E. tereticornis trials, from Walsh River, Queensland, is
now considered to be E. camaldulensis subsp. simulata
based on its seed colour and operculum shape (J. Doran,
pers. comm. 2007). 

Within-provenance heritabilities for height and dbh
were significant in all three of our trials, demonstrating
the potential for ongoing additive genetic gain in growth
traits in successive generations of breeding, once breed-
ing populations comprised of superior provenances have
been assembled. Very similar within-provenance heri-
tabilities, ranging from 0.06 to 0.17 for height and 0.05
to 0.13 for dbh, were obtained at age two years in the
three trials in Thailand (PINYOPUSARERK et al., 1996, val-
ues adjusted to account for the coefficient of relationship
of 0.25 used by these authors). High rates of out-cross-
ing demonstrated in natural populations of tropical
E. camaldulensis (BUTCHER and WILLIAMS, 2003) and the
large numbers of families tested, suggest the range of
heritability estimates for this species across six sites
provides a reliable guide to heritabilities for early-age
growth traits at individual sites for this species. How-
ever, heritabilities for the individual sites are upwardly
biased relative to the across-site heritabilities, because
the estimates of additive genetic variance at individual
sites incorporate the family-by-environment interac-
tions. Corresponding within-provenance heritabilities
for height at 21 months for E. tereticornis in northern
India ranged from 0.11 to 0.29 across three sites GINWAL

et al. (2004). 

The dominance of E. camaldulensis in the top 10% of
clones in the clone trials at each site is due in part to
testing a relatively larger number of these clones (78
clones of E. camaldulensis, compared to 13 commercial
clones and 27 E. tereticornis clones). Most of the com-
mercially available clones included in the trials are
those used for operational planting after field testing by
the plantation companies in India, and they may include
some interspecific hybrid clones (LAL et al., 1993; DAS

and RAO, 1999). Some commercial clones were selected
from provenance trials (FLORENCE et al., 2002). The
newly developed IFGTB E. camaldulensis and E. tereti-

cornis clones were selected from a very broad genetic
base deployed in ten large field trials and plantings,
which may account for the substantial numbers of supe-
rior new clones identified. 

The fact that most clones outperformed the prove-
nance seedlots at the comparatively dry environment
(Karunya), whereas most clones were inferior to the best
provenance seedlot at the high rainfall site
(Kulathupuzha), demonstrates that clonal selections
should not be transferred to contrasting environments
without thorough testing. At Kulathupuzha many clones
suffered from disease, reducing their growth. This con-
tributed to the high level of clone-by-site interaction for
the growth traits, reflected in the low across-site genetic
correlations for height and dbh. It is somewhat surpris-
ing that few clones outperformed the Laura River prove-
nance control at Sathyavedu, as about half of the IFGTB
clones and most of the commercial clones had been
selected from intermediate-rainfall plantings including
the nearby E. camaldulensis progeny trial. 

Volume production, wood basic density and pulp yield
(expressed as a percentage of oven-dry wood) are three
principal traits that drive the profitability of kraft pulp
production (GREAVES et al., 1997). The wide range of
wood densities obtained for individual clones at the
Karunya trial (450–700 kg m–3), and the high clonal
repeatability of this trait, indicate that strong emphasis
should be placed on wood density when selecting clones
for further testing. Some of the clones exceed the opti-
mum upper density for kraft pulp production of about
600 kg m–3 (HILLIS and BROWN, 1984) at age three years,
and wood density would increase further with increas-
ing tree age (eucalypts are typically harvested on a rota-
tion of about five years in southern India). Therefore, it
cannot simply be assumed that those clones with the
highest density should be favoured in the selection
process. There was no strong relationship between the
clonal BLUP values for wood density at Karunya and
the corresponding values for clonal volume index
(Spearman correlation coefficient = 0.10), so there is
potential to select for clones with both rapid growth and
optimum wood density. A similar conclusion was reached
by OSORIO et al. (2003) who found low genetic correla-
tions between volume and wood basic density at ages
three and six years in three clonal trials testing 29–65
clones of E. grandis in Colombia.

Evaluation of progeny and clones of E. camaldulensis
and E. tereticornis across diverse environments in
southern India has identified suitable provenances for
low- and medium-rainfall sites. This has led to recent
strong demand by planters over much of central and
southern India for seed from the IFGTB seed orchards

Table 7. – Percentage deployment gain in volume index from deploying the best
10% of clones tested at each site, relative to mean of all clones and best control
seedlot.

* Laura River provenance of E. camaldulensis.
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developed from these superior provenances. Poor farm-
ers who take up cultivation in such areas prefer
orchard-sourced seedlings over clones as initial invest-
ment is low and success rate is high. As can be seen
from Table 7, the gain in volume production from planti-
ng the best clones relative to the best natural prove-
nance seedlot was relatively modest (of the order of
25–35%) in the high and intermediate rainfall clonal tri-
als, and may not be sufficient to outweigh the cost and
complexity of clonal deployment. Large-scale enterprises
that can afford high initial investment have favoured
clonal plantations. 

For the higher-rainfall region in Kerala, greater dis-
ease resistance will be required for the long-term suc-
cess of eucalypt plantations. This will probably involve
the development of interspecific hybrid clones involving
more disease-tolerant species such as E. pellita F. Muell.
and E. urophylla S. T. Blake (POTTS and DUNGEY, 2004).
E. camaldulensis as a pure species is adapted to low-to-
intermediate rainfall environments with a dry season of
up to 8 months (ELDRIDGE et al., 1993). Interspecific
hybrid clones may also have a role in the drier regions of
southern India, and it appears likely that E. camaldu-
lensis and/or E. tereticornis should be involved as
parental species for these regions as most other candi-
date plantation species such as E. urophylla and
E. grandis Hill ex Maiden are poorly adapted to the low
annual rainfall and the long hot dry season prevailing
there. Superior individuals of E. camaldulensis and
E. tereticornis identified in the trials reported here are
likely to play an important role in hybrid breeding as
well as pure species breeding. 
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Abstract

With a variable that is recorded on a scale with fixed
bounds, it can be appropriate to use for the denominator
of the coefficient of variation the square root of the
(sign-independent) product of the differences between
the mean and the two bounds of the scale. A simple
illustrative example is given.

Key words: coefficient of variation, subjective rating, subjective
score, binary variables.

The coefficient of variation (CV), namely the standard
deviation divided by the mean, is often very useful infor-
mation for the breeder. In particular, the product of the
phenotypic CV and the heritability is a direct measure
of the potential for genetic improvement of a given trait.
For an ordinary metric trait (e.g. a growth variable such
as height) a CV is fully valid, although an extremely

high CV may be an indicator of severe positive skew-
ness. However, in tree improvement it is often necessary
to address traits for which valid measures of CVs are
not straightforward. Such traits include ones that in
practice need to be assessed according to bounded scales
(e.g. subjective straightness scores), or else have binary
expression (e.g. survival). In such cases, the choice of a
relevant mean for the denominator of a CV is problem-
atic.

As an example, consider straightness, assessed on a
1–9 scale (1 = very crooked to 9 = very straight). With a
mean score of 3, 3 would superficially be the denomina-
tor for the CV, although it seems more realistic to use 2
as the denominator, this being the difference 3–1. But if
the scale is to be used as a measure of crookedness, one
might use 6 (namely 9–3) as the denominator.

As a mean score for such a variable approaches a
bound, the standard deviation will approach zero. Yet
the alternative CVs will diverge widely according to
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