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Abstract – The use of vegetative propagules of Eucalyptus globulus has been an important tool for the large scale deployment of improved
plants. However, given the reported morphological differences in root systems between cuttings and seedlings, the question of whether such
differences affect growth and wood quality needs to be addressed. The present study compares growth (diameter and height) and wood density
(pilodyn penetration) of vegetatively propagated cuttings and seedlings from the same or related pedigrees. The relevance of age, site and the
interaction between propagation method and genetic improvement were also investigated. Trials included full-sib families, in which each family
was tested as cuttings and seedlings, and progeny trials where parents were cloned and offspring derived from open pollinated crosses. The
results show that there were no significant differences between the two types of plant material (cuttings versus seedlings) for the traits examined
in the study.
seedling / cutting / growth / wood density / Eucalyptus globulus
Résumé – Comparaison des performances en forêt de plants issus de semis et de bouturage d’Eucalyptus globulus. Le recours à la
multiplication végétative est un outil de première importance pour le déploiement des variétés améliorées d’Eucalyptus globulus. Cependant,
l’existence de caractéristiques morphologiques distinctes entre plants issus de semis et plants issus de boutures laisse planer des doutes sur
leurs effets sur la croissance et la qualité du bois. Dans cette étude, nous avons comparé la croissance et la densité du bois (via le pilodyn)
d’arbres de même pedigree ou apparentés, produits par bouturage et par semis. Nous avons également considéré l’effet de l’âge des plants, du
milieu d’expérimentation et les interactions entre méthodes de multiplication et génotypes. Les essais analysés comprennent des tests de
descendances pleins-frères, multipliés par semis et par bouturage, et des tests de descendances comprenant les parents clonés et leurs
descendances issues de pollinisation libre. Les résultats montrent l’absence de différence significative entre les deux types de matériel (semis
et boutures) que ce soit pour la croissance ou pour la densité du bois.
bouture / semis / croissance / densité du bois / Eucalyptus globulus

1. INTRODUCTION
The aim of any improvement programme is to deploy the
best genetically improved plants, as effectively and extensively
as possible, either by seed or through vegetative propagation.
The early years of tree breeding provided few examples of
clonal deployment [19], but many programs around the world
today rely on vegetative propagation [21]. This is particularly
the case with tropical eucalypts, where cloning constitutes a
valuable tool in most improvement programs [21]. With temperate Eucalyptus, such as E. globulus, the use of cuttings has
been hampered by propagation constraints such as low rooting
ability [1, 2, 4, 15, 24, 34], although such problems have also
been recently overcame. One issue concerning clone deployment is the negative impact of propagation effects. There are
several studies comparing growth between cuttings and seed-

lings in forest trees [6, 8, 10, 14, 17, 18, 20, 23, 26, 28–33] but
only a few deal with eucalypts [3, 16, 19, 21]. Such comparisons often use seedlings and cuttings of different genetic backgrounds [7, 9, 29], thus complicating the interpretation of the
results. In general, differences in field performance have not
been apparent. Furthermore, some studies revealed that such
differences tend to decrease over time as the trees mature [10,
32, 33]. Therefore, caution should be exercised when the studies are conducted in young trees.
In the case of Eucalyptus, previous studies comparing root
characteristics of seedlings and cuttings have yielded considerable evidence that differences in the root system exist
between the two propagation types, with cuttings producing
fewer primary roots, often with no tap root, and having a shallower root system [27]. Additional studies comparing the
growth of cuttings and seedlings of E. globulus in the field [25,
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Table I. Details of age, climate and location of field trials used in this study.
Set of trials
FS Trials

PO Trials

Name

Establishment

Latitude
(north)

Longitude
(west)

Altitude
(m)

Temperature
(ºC)

Mean annual rainfall
(mm)

Folgoso e Foz

FF

01/03/1995

40º 41’

8º 23’

100–200

12.5–15.0

1000–1200

Quinta da Cerca

QC

01/12/1995

39º 6’

8º 49’

0–50

16.0–17.5

600–700

Alápega de cima

27/04/1989

38º 28’

8º 22’

100–200

15.0–16.0

600–700

Tamel

14/03/1990

41º 35’

8º 39’

400–500

12.5–15.0

1600–2000

Carriço da Serra

23/04/1991

37º 26’

8º 39’

200–300

15.0–16.0

800–1000

Vale da Erva

27/02/1991

37º 31’

8º 32’

100–200

15.0–16.0

600–700

Infesta 3

01/03/1991

41º 54’

8º 36’

300–400

10.0–12.5

2000–2400

Labruja

21/02/1990

41º 49’

8º 36’

100–200

12.5–15.0

2000–2400

Matos Negros

21/02/1990

40º 0’

7º 12’

300–400

15.0–16.0

700–800

26] have shown that the deformation observed in the root systems of cuttings may reduce their functional effectiveness and
can affect the growth of cuttings.
Some authors [5, 22, 30] argue that such differences could
explain the slower initial growth of cuttings compared with
seedlings of similar genetic background. However, a common
weakness in most of those studies lies in the differing genetic
backgrounds of seedlings and cuttings. In addition, most of
these studies have not been followed over time. The aim of the
present research study was to compare field performance
between seedlings and cuttings in terms of growth and wood
density (pilodyn penetration) in Eucalyptus globulus field trials
up to an age closer to full rotation.
2. MATERIALS AND METHODS
The genetic material included in this study comprises a group of
plus-trees (parents), originally selected in 8–12 year-old commercial
plantations in Portugal, on the basis of overall good growth and form.
Cuttings and open pollinated seed were collected from them and subsequently used to establish field trials. From some of these plus trees,
grafts and controlled crosses were made. These parents are commonly
referred as belonging to the Portuguese land race, although its racial
background (their original native races in Australia) is unknown.

2.1. Field trials
In the study two sets of trials were used. The first set (denoted here
as the full sib trials), was established in two locations (Tab. I). Each
trial included several, mostly unrelated, full-sib families derived from
controlled crosses between plus trees, and whose progeny were tested
as both seedlings and cuttings.
The second set of trials (denoted the Open Pollinated Trials), were
established in seven locations (Tab. I), and included the parent (the
original plus tree), propagated as cuttings and their open pollinated offspring deployed as seedlings.

Table II. Number of replicates of each family and number of families of full sib trials.
Trial

Replicates

Families

Folgoso e Foz
(FF)

Cuttings

4

49

Seedlings

12

76

Quinta da Cerca
(QC)

Cuttings

5

65

Seedlings

5

59

from these crosses were divided into two lots. The first lot was raised
in containers and cloned according to standard macropropagation procedures (see [1] for details). Cuttings (typically with one leaf pair and
10 cm long) were dipped into hormone powder, and set in a medium
composed of 60% peat and 40% styrofoam and set to root in a glasshouse. Rooting success varied amongst families and was generally low
(around 20%), as expected from E. globulus material. The second seed
lot was kept apart and only set to germinate at a later stage, as to ensure
cuttings and seedlings were of similar size at planting.
These trials allowed a direct comparison between plants of the same
genetic background (full sib family) but propagated by different means
(cuttings versus seedlings).
The two full sib trials were established in reasonably fertile sites
in Portugal, in the North West (FF trial) and West (QC trial) of the
country (Tab. I). The trials were established in March and December
1995, respectively, at a spacing of approximately 4 × 2 m. Establishment included a ripping, cultivation, and around 350 kg/ha of NPK
(10:6:10) fertilization applied at two occasions (at age 1 and age 3).
Both sites have an irregular experimental design. Cuttings and
seedlings were established in two contiguous (homogeneous) areas
and replicated within each area. The set of families nested within each
area were allocated using a randomized complete block (RCB) design
with single tree plots. Most families were represented as both seedlings
and cuttings, although some families were only tested with one plant
type due to problems related to seed availability, rooting success of
cuttings and survival in the field (Tab. II).

2.1.1. Full sib trials
2.1.2. Open pollinated trials
The plants used in these trials were obtained from controlled
crosses, carried out amongst grafted plus trees in the seed orchards of
RAIZ (Portuguese Institute of Forest and Paper Research). Crosses
were mostly unrelated although some families may share a common
parent. No reciprocals and selfs were included. The seeds obtained

In these trials, the parents were propagated through cuttings and
were established together with their open pollinated progeny, propagated as seedlings. The original cuttings were obtained directly from the
sprouts emerging from the stump after the original tree was harvested,
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Table III. Comparison of means (and associated F-test) between cuttings and seedlings and variances values for Family and Family × Method
interactions (and associated LTR test) in the full sib trials at several ages and for diameter, height, and pilodyn penetration.
Variable

Trial

Height (m)

Age
(years)

Mean
of the trial

[ Xs – Xc ]

2.7

8.6

1.07

3.5

10.7

2.8

8.9

FF
QC

Diameter (cm)

FF

QC

Pilodyn (mm)

*

Variances
†

Families†

F × M†

Error

***

1.13 ***

0.00 ns

2.01

0.94

***

0.98 ns

0.00 ns

3.01

0.026

ns

1.37 ns

0.05 ns

1.72

2.7

7.4

0.48

ns

1.28 ns

0.00 ns

3.07

3.5

8.6

0.13

ns

1.02 ns

0.00 ns

4.24

4.4

10.1

–0.29

ns

1.05 ns

0.08 ns

5.52

2.8

7.4

0.48

ns

1.18 ns

0.12 ns

2.48

3.5

9.1

0.15

ns

1.51 ns

0.07 ns

3.31

5.6

12.5

–0.24

ns

1.82 **

0.04 ns

6.39

FF

4.4

21.7

–0.318

ns

0.94 ns

0.78 *

3.72

QC

3.7

20.4

0.63

ns

1.26 ns

0.00 ns

3.34

* X s: mean of seedlings; X c: mean of rooted cuttings.
† ns: not significant at p = 0.05, * significant at p < 0.05, ** significant at p < 0.01, *** significant at p < 0.001.

and followed the same propagation procedures described previously.
This material is derived from epicormic shoots can therefore be considered juvenile. Unlike the full sib trials, the cloned parents were
expected to share only half the genetic background of their offspring,
the other half being determined by the pollen contribution of unknown
value. The genetic merit of the mothers is expected to be better than
the average of the fathers (pollen), but only slightly, given the low efficiency of mass selection. Since families were openly pollinated, the
progeny’s value is expected to be 1/2 the mother’s value and assuming
the average contribution of the parents is neutral (neither better nor
worse than the average), then the parents are expected to be somewhat
better (or at least the same) than their OP offspring. Otherwise it may
suggest the presence of negative propagation effects.
In the open pollinated trials, the experimental design included a
RCB design, with the cloned parents and their seedling progeny randomly allocated in five replicates. Plot sizes consisted of five trees in
a row. In total there were 36 treatments including 10 parents-offspring
pairs and 26 progeny. The trials were established between February
and March 1991, at a spacing of approximately 4 × 2 m. Establishment
included a ripping and cultivation, and were fertilized once with an
NPK (10:6:10) fertilization between age 1 and 3.

2.2. Measurements and analysis
Trees were measured for height (h) in meters, diameter at 1.30 m
(d) in cm and pilodyn penetration (P) in mm [12].
The statistical analysis for the full sib trials used the linear model:
Yijkl = µ + Fi + Mj + Zk + FMij + ε ijkl.

(1)

The statistical analysis of the open pollinated trials used the linear
model:
Yijkl = µ + Fi + Bb + Mj + FMij + ε ibjl

(2)

where Y represents the value of each individual for the respective characteristic; µ represents the overall mean of the trial; Fi represents the
effect of the ith family, considered random; Mj represents the effect
of the jth method of the propagation, considered fixed; Bb represents
the effect of the bth block, considered fixed; Zk represents the effect

of the kth replicate, considered fixed; FMij represents the effect of the
interaction between the ith family and the jth method, considered random; ε ibjl represents the residual.
All analyses were carried out using the programme ASREML [11].
To estimate the significance of random effects, a LRT (likelihood ratio
test) test was carried out (with a single degree of freedom). The test
performed to evaluate the significance of fixed effects, namely
between propagation methods, was based on Wald’s F test.

3. RESULTS
In the two full sib trials, seedling material had significant
greater height in one trial (trial FF), although differences were
greater at age 2.7 years than at age 3.5 years. In the second trial
(QC), at 2.8 years, there was no difference in height between
seedlings and cuttings (Tab. III).
Diameter results were more comparable across the two sites.
In trial FF, seedlings had initially greater diameter than cuttings
at age 2.7 years, but by age 4.4 years this was reversed. In Trial
QC, the seedling’s diameter was also greater than cuttings at
2.8 years, but at 5.8 years the diameter of cuttings was greater
than that of seedlings. In all cases, differences between the two
plant types were not significant (Tab. III).
A similar conclusion could be drawn for pilodyn penetration. Measurements taken at 4 years in trials FF and QC have
yielded no significant differences between treatments.
The results, therefore, suggest a slightly better initial development for seedlings (up to age 2) but otherwise a similar
growth between cuttings and seedlings. At age 4 or 5 years,
growth seems to be similar between cuttings and seedlings of
similar genetic background.
In the open pollinated series of trials, the results provided
further evidence of small propagation effects in growth (Tab. IV).
In six out of the seven trials measured for diameter, the cloned
parents grew faster than their seedling open pollinated progeny,
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Table IV. Comparison of means (and associated F-test) between cuttings and seedlings and variances values for family and clones (and associated LTR test) in the open pollinated trials, for the variables diameter, height and pilodyn penetration.
Variable

Height (m)

Diameter (cm)

Pilodyn (mm)

Trial

Age
(years)

Mean
of the trial

[ Xs – Xc ]

*

Variance
†

Families/clones

†

Error

Vale da Erva

4.6

8.6

2.52

***

3.98

***

2.190

Carriço da Serra

5.8

10.9

–2.86

***

2.52

***

3.089

Matos Negros

8.2

12.7

–1.00

***

2.56

***

3.242

Labruja

8.6

16.4

–0.11

ns

2.37

***

2.053

Vale da Erva

4.6

8.6

–0.50

*

3.21

***

3.664

Carriço da Serra

5.8

10.9

–1.58

**

1.31

ns

7.844

Infesta 3

7.2

14.5

0.37

ns

3.31

***

11.352

Tamel

7.6

13.7

–0.39

ns

1.88

*

3.861

Matos Negros

8.2

12.7

–1.19

ns

2.19

*

6.380

Labruja

8.6

16.4

–0.81

ns

2.40

***

4.175

Alápaga

9.4

14.1

–1.56

**

1.96

*

7.664

Labruja

8.6

21.1

0.30

ns

5.47

***

1.064

* X s: mean of seedlings; X c: mean of rooted cuttings.
† ns: not significant at p = 0.05, * significant at p < 0.05, ** significant at p < 0.01, *** significant at p < 0.001.

although only three were statistically significant. The ages
ranged between 5 and 9 years old. The difference in pilodyn
penetration, measured only in one site, was again not significant. The lack of significant difference is also an expected result
since initial selection of the parents was based on growth and
not wood density, and the two traits are mostly unrelated.
Although the study was not intended to measure the magnitude of genetic effects in this material, some conclusions can
be drawn from the analysis of variance. In the full sib series of
trials, family effects were only significant at later stages of
development on one of the sites (QC), thus suggesting that
genetic variation for growth is low. However, this lack of a statistically significant family effect may be exacerbated because
some of the full sib families involved are related (some parents
are used in more than one cross), hence the observed family differences are less than the expected half of the (additive) genetic
variation in the population. In the open pollinated series of trials, family effects (expected to represent 1/3 to 1/4 of the additive genetic variance) were generally larger and significant
(Tab. IV).
Interaction between family and propagation method (for
height and diameter) was also not significant. At age 4.4 years
in trial FF, interaction effects for pilodyn penetration was significant at a 5% probability level, but in this particular case,
family effects were not significant (Tab. III).
4. DISCUSSION
The results observed here suggest that seedlings and cuttings
of Eucalyptus globulus of similar genetic background had similar growth rates and wood density.
In the full sib series of trials, there was some evidence that
initial growth was greater in seedlings up to age 2, but by age
4 or 5 these differences either disappeared or were significantly

reduced. These initial differences may be more the result of
poor plant quality of the cuttings, than ontogenetic effects. The
present study did not include any assessment of root characteristics, however, clear differences in the structure of root systems between cuttings and seedlings of E. globulus have been
reported for this species by Sasse and Sands [25] and Sasse and
Sands [27]. These authors reported more deformities and less
radial symmetry in the root system of cuttings and concluded
that such malformations are negatively correlated with initial
height growth. Some authors have claimed that rooted cuttings
may be at a different stage of maturation, hence leading to
ontogenic differences in growth and morphology [6, 13, 29,
32]. Whereas this may be the case with conifers, it is less likely
to apply to E. globulus, which regenerates from coppice derived
from juvenile epicormic buds. No apparent morphological differences could be found between the various materials tested.
Similar results were obtained in the present study with the
open pollinated series of trials. They found no evidence of significant growth differences between cloned parents and their
open pollinated progeny seedlings. In fact clones were found
to perform slightly better. While this is an expected result (since
genetic merit of the progeny is expected to be only 1/2 of the
merit of the selected female parent), it at least suggests that
propagation effects were not likely to have affected the parent’s
performance significantly.
Results reported in the literature have been contradictory.
Cotterill and Brindbergs [3] reported that unimproved E. globulus seedlings presented similar and in some cases, greater
growth than first generation selected cuttings suggesting therefore a reduction in growth due to cloning effects. In a E. grandis
trial similar to our open pollinated series, Kageyama and Kikuti
[16] also reported poorer growth in the cloned parents in comparison with their open pollinated progeny seedlings. On the
other hand, Lambeth et al. [19], in E. grandis and Menck and
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Kageyama [21] in E. saligna found a clear superiority of
improved cuttings over unimproved seedlings. Most of these
studies are inadequate because materials are not comparable.
Nevertheless the disparity of results between studies highlights
the importance of plant quality of cuttings as a critical factor,
at least during initial stages of development. In the Eucalyptus
globulus, a species known as difficult to root, plant quality
issues must play an important role. For the plant material tested
here, both series of trials support the idea that no unfavourable
propagation effects were associated with cuttings, and there
were no reduction in performance between seedlings and cuttings of similar genetic background.
Acknowledgements: The authors wish to thank RAIZ (Institute of
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