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ABSTRACT

Field grown Eucalyptus globulus (blue gum) seedlings are the subject of decapitation by disturbance.The
coppicing ability of the residual stumps and growth of new shoots are influenced by intrinsic and extrinsic
factors which may interact with each other. To investigate the combined effects of stump diameter and
stump height on production and growth of coppice shoots, E. globulus seedlings were subjected to two
stump diameters (0.1 — 0.4 and 0.5 — 0.8 cm) and two stump heights (6 and 12 cm) for three months. The
treatments were laid out in a split-plot design with stump diameter as the whole plot and stump height as the
sub-plot. Data were subjected to split-plot ANOVA and Scheffé’s test. Leaf width, number of branches, and
shoot height increased with stump diameter. The 12 cm stump height reduced leaf length while it increased
number of leaves. There was a significant effect of treatment interactions on number of shoots, leaf length
and number of leaves. Number of shoots was reduced by the lower stump height treatment level exclusively
at0.1-0.4 cm stump diameter. Asimilar but inverse trend was observed for leaf length. On its part, number
of leaves differed between stump heights only at the 0.5 — 0.8 cm diameter class which resulted in higher
values than itslower diametercounterpart. The findings suggest that the stump dimensions should be taken
into consideration in the management of E. globulus coppice shoots as they may interact synergistically in
increasingfoliage area for interception of photosynthetically active radiation.
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Introduction

Eucalyptus globules (common name: blue gum;
family: Myrtaceae) is a fast growing evergreen tree that
attains a height of 55 m, exceptionally 70 m, and diameter
of 200 cm with the bole cylindrical and bearing branches
for less than half the total tree height (Eldridge et al.,
1993; Vaughan, 2008). New growth can be up to 2.5 m
per year in young plants initially, slowing down later. The
narrow crown becomes rounded for trees growing in the
open. With origins in Tasmania and south-eastern
Australia, E. globulus is the most extensively planted
eucalypt species with over 1,000,000 hectares worldwide
(Praciak, 2015). It grows best in areas where annual
daytime temperatures are within the range 18 - 23°C,
but can tolerate 6-30°C, occurring in temperate,

subtropical and tropical countries.It is found at altitudes
of 0 - 1000 m in temperate climates and 2000 - 2800 in
the tropics (Vaughan, 2008). It is occasionally cultivated
at elevations of over 3000 m in the tropics (Fern, 2014).
Though tolerant to 550 - 1800mm, the species prefers an
average annual rainfall of 700 - 1400 mm and pH range
of 5 - 7. Because E. globulus is an obligate initial
colonizer, it does not spread easily into established forest.
It can, however, extend into non-forest or disturbed
ecosystems, eventually forming a monoculture that
excludes other plants through allelopathic suppression
from phenol and terpene compounds of the leaves (Abbas
and Al-Jasimee, 2018).

Eucalyptus globulus possesses two silvical
properties that make it well suited for natural regeneration.
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First, it is a prolific seed producer. Theseeds are 2-3 mm
long, irregularly elliptical, and dull black (Orwa et al.,
2009). They are lightweight and easily wind-dispersed
following opening of capsules. Seeds exhibit good
germination under favourable temperature conditions.
Second, it has the ability to reproduce vegetatively by
coppicing (Oballa et al., 2010). The shoots arise from
dormant buds on the side of stumps or adventitious buds
developing in the cambial layer beneath the bark (Jarman
and Kofman, 2017). The development of buds is initiated
by a change in plant hormone levels following removal of
the crown or stem. A common silvicultural practice in E.
globulus forests involves thinning coppices, and then
retaining and tending the best for the next generation of
trees. In other species exhibiting the phenomenon, coppice
shoots are detached from stumps and transplanted
(Chinaka, 1998). Coppicing is considered to be a means
of natural rejuvenation of old trees and stands (Hilton,
1992). In fact, advanced regeneration from coppices has
become a major method for the renewal of eucalyptus
forests.

The western highlands of Cameroon consists of a
chain of volcanic mountains that contain the largest
remaining patches of afromontane forest in West Africa.
Eucalyptus globulus is a key component of the biome.
It that is highly valued by inhabitants of the area for its
economic and pharmaceutical contribution to well-being.
The strong and moderately durable wood is used for light
and heavy construction, poles, posts, plywood, flooring,
furniture, tools, and boxes. The tree is asource of
fuelwood and charcoal whose sales constitute a major
income generating activity in the area. The leaf and its
essential oil are used forantiseptic and medicinal purposes.
Its flowers constitute a source of nectar for bees and
dense root system makes the tree suitable for erosion
control. The trees are used as windbreaks and for drying
up of swamps while young plants make a good living
fence because of their unpalatability to livestock.
Eucalyptus globules stands and agroforestry systems
are frequently under disturbance from collection of non-
wood products, wind, storms, browsing of associated flora
and other activities by human and non-human agents.
These and other disturbance regimes often result in
breakages of seedlings stems at random positions. As
expected, the stump resulting thereof should resume
growth by coppicing. However, coppice regeneration is
influenced by several factors, including stem diameter,
height of cutting, root/ shoot ratio after stem decapitation,
and species among others (Tschaplinsk and Blake, 1989;
Shackleton, 1997; Shackleton, 2000). Moreover, these
factors may interact with each other in affecting coppicing

and the growth of coppice shoots in unpredictable ways.
In a study involving five stump diameter classes, for
instance, Quercus dealbata produced maximum number
of shoots in stumps of > 15-30 cm diameter while Alnus
nepalensis showed maximum coppicing in those of >
30-45 cm (Khan and Tripathi, 1986). In another study,
Ward and Williams (2018) found higher rates of sprouting
in red maple than other species at a given diameter class.
The present study explored the combined effects of stump
diameter and stump height on growth of the E. globulus
coppice shoots. The findings are crucial for decision
making pertaining toretentionof truncated seedlings for
regeneration of the species.

Materials and Methods
Description of study site

The experiment was carried out in a nursery of the
Department of Forestry and Wildlife Technology at The
University of Bamenda campus in Bambili. Bambili is
one of the constituent villages of Tubah Sub-Division in
the Mezam Division of the North West Region of
Cameroon. It lies between latitudes 5° 60’ 0" and 6° 05’
0’ North of the Equator and longitudes 10° 12’ 0 and
10° 22’ 0™ East of the Greenwich Meridian (Taffouo et
al., 2018). The area is characterized by a rainy that runs
from March to September and a dryseason from
September to March. July, August and September are
the wettest months with rainfall in excess of 350 mm
each while January is the driest with only 6 mm of
precipitation. The mean annual rainfall, temperature and
relative humidity are 2095 mm, 22.51°C and 75.96%,
respectively. The rainfall [mm]/temperature [°C]/ humidity
[%] for the months of April, May, June and July when
the experiment took place were 150.85/23.91/77.91,
226.98/22.27/88.16, 267.63/21.04/92.7, and 386.02/20.05/
95.61, respectively (Loh and Ambebe, 2024). Bambili has
an undulating topography with altitudes varying between
ca 900 and 2270 m (Yerima and Van Ranst, 2005).

Experimental design

Potted seedlings of Eucalyptus globules were
obtained from the Reforestation Task Force nursery
located at Mile 6, Bamenda Il Sub Division, Mezam
Division. The substrate was sandy-loam soil collected
from the nursery. Treatments were comprised of two
stump diameters and two stump heights. Stem diameter
of seedlings was determined with a Vernier caliper at
heights of 6 cm and 12 cm from the root-shoot junction.
Where the diameter was either 0.1 — 0.4 cmor 0.5-0.8
cm at the given height, slanting cut was made transversely
through the stem that permitted the free drainage of water
from the surface of the stump. The tool used for cutting
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was a pair of secateurs. An experiment was laid out in a
split-plot design with stump height as the sub-plot, stump
diameter as the whole plot and the nursery as the field.
There were ten stumps per treatment combination that
was replicated twice. Irrigation was mainly from rainfall.
The natural precipitation was, however, supplemented
with watering using normal tap water when need arose.
The irrigation gradually became exclusively natural as
the experiment that started on 15 April 2023 progressed
further into the rainy season. N-P-K 20-10-10 was
applied midway into the experiment. Any weeds that
emerged from the substrate were removed by hand.

Data collection

On 15 July 2023, five coppiced stumps were
randomly selected from each treatment combination and
replication from which data were collected. Shoot
production was determined as the number of sproutsper
stump. The dominant shoot on the stump was then
identified for height measurement with a meter rule.
Additionally, branches and leaves on the dominant shoot
were counted. Dimensions of the most recent fully mature
leaf were recorded: leaf length was measured from the
upper edge of the leaf to the lowest point whereas leaf
width was taken to be the widest region across the lamina
perpendicular to the length.

Data analysis

All data were examined for normality of distribution
using normal probability plots and homogeneity of variance
using scatter plots. After ascertaining that the ANOVA
assumptions were fulfilled by the data, the effect of stump
diameter, stump height, and their interaction on morphology
were tested with 2-way split-plot ANOVA. When the
ANOVA showed a significant interaction for a given
parameter, Scheffé’s test was used for pair-wise means
comparison. All the analyses were conducted in Data
Desk 6.01 at p = 0.1.

Results

Leaf width, number of branches and shoot height
were markedly influenced by stump diameter but not
stump height (Table 1), showing increases from the 0.1 —
0.4 cm to 0.5 — 0.8 cm treatment level (Fig. 1). These
parameters were unresponsive to any treatment
combination.

There was a marginally significant effect of stump
height on number of leaves and leaf length. In addition,
the interactive effect of stump diameter and stump height
was marginally significant for number of shoots and
significant for number of leaves and leaf length (Table
1).

Table1: ANOVA p-values for the effect of stump diameter
and stump height on morphological traits of
Eucalyptus globulus coppice shoots.

Source Stump Stump Shoot diameter
diameter | height x Shoot height

No. of shoots 0.7422 0.3855 0.1257

No. of leaves 0.1475 0.1216 0.0797

Leaf length 0.1374 0.119 0.0614

Leafwidth 0.0449 0.3193 0.3145

No. of branches| 0.0315 0.344 0.1939

Shoot height 0.1413 0.1761 0.8109

Values of number of shoots were highest in the 0.5 —
0.8 cm stump diameter class at 12 cm and lowest in 0.1
— 0.4 cm at 6 cm. However, the difference between the
former and either of the other remaining two treatment
combinations was statistically insignificant. Similarly, the
0.1-0.4 cmand 0.5 — 0.8 cm stump diameter classes at
6 cmstump height had a comparable effect on this
parameter (Fig. 1).

Number of leaves increased from the 0.1 — 0.4 cm
t0 0.5 - 0.8 cm stump diameter class at each stump height.
However, the margin of increase was significantly greater
at the 12 cm than 6 cm stump height treatment level. In
contrast, stump length did not differ for this trait at the
lower diameter treatment level (Fig. 1).

Leaf length declined from the 0.1 — 0.4 cm to 0.5 -
0.8 cm stump diameter at each stump height. However,
the magnitude of change was higher at 6 cm than 12 cm
stump diameter. There was no significant difference
between the stump height treatment levels at the higher
stump diameter class for this trait. Leaf length was
significantly lower at the 12 cm than 6 cm stump height
in 0.1 — 0.4 cm stump diameter (Fig. 1).

Discussion

With the exception of number of shoots per stump
which showed a partial tendency, we recorded an
increase inmorphological growthtraits of E. granulus
seedling stump sprouts in the present study. This trend
has been reported for other species. In downy birch
(Betula pubescens), number, height and biomass of
sprouts have shown positive responsesto stump diameter
elevation (Hytonen, 2019). Likewise in the study of (Zou
et al., 2020), sprout height, leaf width, leaf length and
other shoot growth parameters of shrub willows (Salix
spp.) like were significantly positively correlated with
stump diameter. The pattern is also documented for the
Chinese guger tree (Schima superba) (Zhao et al., 2018)
and small-leaved lime (Tilia cordata) (Matula et al.,
2012). While, the higher number of shoots in larger stumps
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80 case of Nepalese alder (Alnus nepalensis),
50 Khasi Schima (Schima khasiana), banj oak
(Quercus dealbata) and paisang (Quercus
griffithii), leaf production responded
positively to stump height increase (Khan and
Tripathi, 1989). Perhaps the most interesting
finding of the present study is the
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be shortest at low stump height in this stump
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Fig. 1 : Effects of stump diameter and stump height (Mean + SE, n =5) on
morphological traits of Eucalyptus globulus coppice shoots. The
upper- and lower-case letters above the bars denote effects of stump
diameter and stump diameter xstump height interaction, respectively.

Different letters indicate significant differences.

was likely favoured by a larger surface and more buds,
the overall lower growth of emergents from smaller
stumps may be associated to a limited absorptive power
of a smaller root system anda smaller reservoir of
available carbohydrates (Clarke et al., 2013). Brix and
Ebell (1969) have demonstrated the promoting effect of
increased nitrogen uptake on leaf length and width, number
of leaves per shoot, stem height, branch length,and number
of branches.The decision toexperiment seedlings was
based on a recognition that coppicing ability is more
necessary for this growth stage as trees are less likely to
succumb to disturbances because of their largersizes.
Forstumps of plants that are advanced in age, thickness
of the bark and vitality of dormant buds may impose
additional controls oncoppice regeneration (Kramer and
Kozlowski, 1960; Vesk and Westoby, 2004; Zhao et al.,
2018).

The beneficial effect of taller stumps on growth of
coppice shoots has been reported previously for several
species. Thetrend exists forstem height in red alder
(Alnus rubra; Harrington, 1984), mountain maple (Acer
spicatum), paper birch (Betula papyrifera) and pin
cherry (Prunus pensylvanica) (Jobidon, 1997). In the

diameter class, it is likelythat shading from
other treatmentsresulted in the larger leaf sizes
in this treatment.

Conclusion

Here, we explored effects of factorial
combinations of stump dimensions on
morphology of E. globulus coppice shoots.
Significant main effects of stump diameter
and stump height were detected for the growth traits
examined. There were, however, interactive effects of
treatments indicating dependencies between the factors
in affecting the plants. The most interesting finding of
the investigation is that the positive effect of larger stump
diameter on number of leaves can be augmented by
increasing stump height.
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