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Natural forest regeneration is the renewal of a forest crop by self-sown seed or by sprouting of stumps.
However, there have been few studies on sprouting in the Cameroon tropical rainforest. The main
objectives of this study were to examine the influence of stump sprouting of timber species in natural
forest regeneration in the Akak forest area in Cameroon. In this study, stumps were located in forest
compartments that had been selectively logged in 2013, 2015 and 2017. Stumps attributes: (1) species,
(2) the diameter at the top of the mother stump, (3) the height of the mother stump, (4) the number of
sprouts, both living and dead, (5) the height of the tallest sprout, (6) the basal diameter of the tallest
sprout, and (7) the extent of the decay of the stump were recorded at every sprouted stump using a
Global Positioning System (GPS) device. Thirteen of the 20 tree species had some stumps which had
sprouted. Stumps of Nauclea diderrichii, Pterocarpus soyauxii species, Terminalia ivorensis, and
Piptadeniastrum africanum sprouted most frequently, with N. diderrichii having the greatest number of
stumps with sprouts. Principal component factor analysis for all the species together showed that the
first factor contributed 34.1% and the second factor contributed 19.1% of the observed variation, with a
communality of 66.6% while for N. diderrichii alone showed that the first two axes of the PCA explained
62.8% of the variance suggesting that sprouting dynamics could only be partially explained by the
attributes that were recorded. Multiple linear regression shows that the diameter of the tallest sprout
can be used to predict the height of the tallest sprout for all the species combined (p=0.000). These
predicting models could help in predicting the future growth rate and stand of a tropical rainforest.
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INTRODUCTION

The importance of tropical rainforest ecosystems in terms
of global biodiversity, environmental protection, human
welfare, and more recently for carbon sequestration and
climate stability, cannot be overestimated (Lamprecht,
1989; FAO, 2003). Tropical forests have shrunk in area
by 35 to 50% since pre-industrial times (Wright and
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Muller-Landau, 2006). If losses continue at current rates,
the last remnants of primary tropical forest will probably
disappear sometime between 2100 and 2150, although
global climate change (if unchecked) will undoubtedly
accelerate the process (Wright and Muller-Landau,
2006). Despite greater general awareness and efforts
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made towards the sustainable management of these
valuable natural resources, global tropical forest
degradation persists (FAO, 2007).

After the first timber harvest in tropical rainforests, there
is generally a qualitative and/or quantitative decline in
subsequent harvests, and inadequate natural
regeneration of some commercially valuable timber
species in the residual stand. Securing sufficient natural
regeneration of commercial tree species after logging is
critical for sustainable forest management (Nzogang,
2009).

Most studies of tropical forest regeneration focus on
tree recruitment from seeds. Consequently, regeneration
is often viewed as depending on seed production, seed
dispersal, seed Vviability, and the environmental
requirements for seed germination and seedling
establishment (Holl, 1999; Dalling and Hubbell, 2002; De
Steven and Wright, 2002). However, sprouts from cut
stumps (coppicing) may also contribute to the
regeneration of tropical forests. Sprouting is a common
response to tissue damage by woody plants and is a
source of regeneration that contributes to the composition
and development of many forest ecosystems (Bond and
Midgley, 2001; Del Tredici, 2001). Sprouts can have a
competitive advantage over other sources of forest
regeneration (White, 1991; Dietze and Clark, 2008;
Vickers et al., 2011) because rapid early growth of
sprouts is supported by an established root system with
stored carbohydrates (Del Tredici, 2001). Additionally,
regeneration from sprouts can contribute to sustaining
pre-disturbance species composition (Dietze and Clark,
2008). Several studies have shown that sprouts can
constitute the majority of the dominant trees within a
regenerating cohort after harvesting (Boring et al., 1981;
Beck and Hooper, 1986; Arthur et al., 1997), although the
capacity to sprout varies by species and site conditions.
Furthermore, in forests in general, and in dry forests in
particular, tree seedlings that do become established
often grow more slowly than sprouts (Miller and
Kauffman, 1998; Khurana and Singh, 2001).

Cameroon is well-endowed with tropical forest areas
estimated at 21.5 million ha (Nasi et al., 2006; FAO,
2007). Efforts are underway to better understand forest
regeneration after harvesting. However, there have been
relatively few studies on stump sprouting in Cameroon’s
tropical rainforest. This study is intended to help fill that
gap.

The objectives of this study were to examine the role of
stump sprouting of timber species in natural forest
regeneration in the Akak forest area in Cameroon,
specifically: (i) to identify tree species that sprout after
logging and mapped the distribution of sprouted stumps;
and (i) determined relationships between sprouting
characteristics (humber of sprouts per stump, height of
the dominant sprout, diameter of the dominant sprout,
height, and diameter of mother stump) for all the species
and the species with the highest number of stump
sprouts (Nauclea diderrichii). This study was to provide

baseline information on the sprouting ability of harvested
tree species in the Akak forest area of Cameroon, as well
as to provide recommendations for management in the
Akak forest area to promote sprout development.

MATERIALS AND METHODS
Location of the study area

The Akak forest area of Cameroon is located between 5°20' - 5°25’
N latitude and 9° 12" - 9°30° E longitude (Figure 1). Akak is
comprised a semi-deciduous lowland rainforest of the Guineo-
Congolian type (Kenfack et al., 2006). Precipitation is unimodal,
with an annual average of around 4100 mm (Nchanji and Plumptre,
2003), with a three-month dry season from December to February
(Groenendijk, 2015). The topography is relatively flat. Human
interventions, primarily establishing large plantations of cash crops
(palm oil, coffee), as well as natural factors, such as elephant
disturbance and windfalls, have created large gaps in these forests.
Logged forest sites are located in the “heart” of the Mukete
Plantations Limited (MPL) concession and the forest in this area
has undergone logging, both formal and informal, from 1995 to the
present.

Sample design

The three areas sampled were logged in 2013, 2015, and 2017,
respectively. Opportunistic sampling technique was used to select
the three areas, since we had pre-information from community
people living in Akak village (Former-workers of the logging
concession, hunters and Non Timber Forest Products collectors)
that they have observed some logged stumps in these areas
sprouting. The 2013 site was logged by Transformation Reef
Cameroon and local chainsaw millers. The 2015 and 2017 sites
were logged by SEFECAM and local chainsaw millers. Trees
selected for harvesting were widely scattered (less than 1 ha™ in
most places) and it proved difficult to locate stumps using any
formal sampling design. Consequently, stumps were located by
active searching of the logged areas. All stumps located, whether
they had sprouts or not, were recorded.

Both sprouted and non-sprouted stumps were observed, but only
sprouted stumps were marked and measured. The diameter and
basal diameter for both stumps and sprouts were measured using a
diameter tape at 1.3 m breast height while a 30 m measuring tape
was used to measure the height for both stumps and sprouts. Once
a stump with sprouts was located, its location was recorded using a
Global Positioning System (GPS) device so that these stumps could
be relocated for future follow-up. The attributes recorded for each
sprouted stump were: (1) species; (2) the diameter at the top of the
mother stump; (3) the height of the mother stump; (4) the number of
sprouts, both living and dead; (5) the height of the tallest sprout; (6)
the basal diameter of the tallest sprout; and (7) the extent of the
decay of the stump.

Data analysis

The field data were imported into QGIS 2.8 so that the coordinates
of the sprouted stumps could be digitized. Baseline information
from the Cameroon official forest data and the Cameroon atlas
were collected before any data manipulation commenced. After all
digitizing was completed, a quality check was performed to ensure
that no points or lines were missing. To ensure all of the data would
display correctly, all of the shapefiles were projected to UTM 84,
zone 32 N.
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Figure 1. Akak forest area.
Source: Adapted from the Cameroon Atlas 2019.
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Figure 2. Number sprouts in the Akak forest area by species.

Multivariate factor analysis without rotation was done to explore
relationships among the variables. Two factors were extracted and
their contribution to explaining the resulting data patterns was
determined by the percent variation and communality. This was
followed by applying the Spearman rank correlation.

Step-wise regression was used to examine the relationships
between (1) the heights of the tallest sprouts and number of sprouts
per stump and stump diameter; (2) the heights of the tallest sprouts

and the largest basal sprout diameter and the number of sprouts
per stump; and (3) the heights of the tallest sprouts and the number
of sprouts per stump and stump height. The data (all variables)
were log-transformed to achieve a normal distribution for the
residuals. These analyses were done independently for data
collected in 2013, 2015 and 2017, and then for the entire study to
determine the overall effects of the stump characteristics on the
sprout characteristics.

All statistical analyses were done using Minitab Version 17
Statistical Package (Minitab Inc., PA, USA). The significance level
(a) was set at 0.05.

RESULTS

Timber species that sprout in the Akak forest after
logging and distribution of sprouted stumps

A total of 643 stumps from 20 tree species were located.
Of these stumps, 56 (9%) had sprouted. Stumps from 13
different tree species (65% of the species that had been
harvested) had sprouts (Figure 2 and Table 1). N.
diderrichii,  Piptadeniastrum africanum, Terminalia
ivorensis, and Pterocarpus soyauxii were the most
frequent sprouts. Collectively, these four species
contributed almost 79% of the total number of sprouts
observed.
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Table 1. Distribution of sprouted and non-sprouted stumps.

. Common o Number of Number of Sprouted stumps by % of overall Numberof . stumps % of total
Family name name Scientific name stumps sprouted logging year sprouted Non sprouted sprouted sprouted
observed stumps 2017 2015 2013 stumps stumps stumps
Rubiaceae Bilinga Nauclea diderrichii 30 25 13 6 6 3.943218 5 83.3 446
Combretaceae Framire Terminalia ivorensis 30 7 - 4 3 1.104101 23 23.3 12.5
Fabaceae Padouk Pterocarpus soyauxii 30 6 1 5 - 0.946372 24 20.0 10.7
Leguminosae Movingui Distemonanthus benthamianus 9 1 - - 1 0.157729 8 111 1.8
Rubiaceae Bahia Mitragyna ciliata 8 1 1 - 0.157729 7 12.5 1.8
Leguminosae Eyoum Dialum pachyphyllum 10 1 1 - 0.157729 9 10.0 1.8
Myristicaceae Niove Staudtia kamerunensis 30 2 2 - 0.315457 28 6.7 3.6
Leguminosae Dabema Piptadeniastrum africanum 30 6 1 5 0.946372 24 20.0 10.7
Malvaceae Fromagi Ceiba pentandra 25 1 - 1 0.157729 24 4.0 1.8
Moraceae Iroko Milicia excelsa 40 1 - 1 - 0.157729 39 25 1.8
Myristicaceae llomba Pycnanthus angolensis 30 3 1 1 1 0.473186 27 10.0 5.4
Anacardiaceae Kumbi Lannea welwitschii 10 1 1 - 0.157729 9 10.0 1.8
Ebenaceae Eben Diospyros crassiflora 5 1 - 1 0.157729 4 20.0 1.8
Ochnaceae Azobe Lophira alata 140 0 - - 0.0 140 0.0 0.0
Sapotaceae Moabi Baillonella toxisperma 49 0 - - 0.0 49 0.0 0.0
Caesalpiniaceae  Naga Brachystegia cynometriodes 10 0 - - 0.0 10 0.0 0.0
Meliaceae Acajou blanc Khaya anthotheca 7 0 - - 0.0 7 0.0 0.0
Meliaceae Dibetou Lovoa trichillioides 9 0 - - 0.0 9 0.0 0.0
Leguminosae Tali Erythrophleum suaveolens 48 0 - - 0.0 48 0.0 0.0
Mimosaceae Okan Cylicodiscus gabunensis 84 0 - - 0.0 84 0.0 0.0
Total 20 634 56 21 21 14 8.832808 578 - 100

The number of sprouts varied by species and
period (Figure 3). N. diderrichii had the most
sprouts (30) in 2017, 11 sprouts in 2015, and 12
sprouts in 2013, while P. soyauxii had 9 sprouts in
2013, 7 sprouts in 2015, and 2 sprouts in 2017. T.
ivorensis had 4 sprouts in 2013 and 17 sprouts in
2015 and no sprouts in 2017.

The mean diameter of the sprouted stumps
varied by species and ranged from 20.0 to 102.9
cm (Figure 4).

Generally, most sprouts originated from stumps

with mean diameters between 70 and 100 cm. N.
didderrichii and T. ivorensis sprouted from stumps
with the highest mean stump diameters (102 and
103 cm, respectively). Diospyros crassiflora
sprouted from stumps with a mean diameter of 20
cm and Milicia excels sprouted from stumps with a
mean diameter of 30 cm. Both stump diameters
are below the minimum diameter for logging as
stated in the 1994 forestry law of Cameroon.

Most of the sprouts were found on stumps with
diameters between 81 and 100 cm, but stumps

between 41 and 60 cm had the highest number of
sprouts (23) in a single year (2015) (Figure 5).
The numbers of sprouts within the smaller stump
diameter classes were small, as were those in the
larger classes.

Generally, the mean height of sprouts increased
with years since logging and varied among species
(Figure 6).

One exception was Pycnanthus angolensis,
which showed a mean sprout height of 55 cm 5
years after logging, 70 cm 3 years after logging,
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Figure 6. The distribution of mean height per species as per 2013, 2015 and

2017.
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Figure 7. Distribution of mean height by diameter class and harvesting year.

and 60 cm 1 year after logging. Similarly, T. ivorensis had
a mean sprout height of 301 cm 3 years after logging, but
152 cm 5 years after logging. These differences could be
due to competition amongst sprouts, stump
characteristics or several other factors. Stump diameter
classes of 101-120 and 81-100 had the highest mean
sprout height while the two smallest diameter classes had
the lowest mean sprout height (Figure 7).

Most sprouted stumps were recorded in the
compartments logged in 2015 and 2017 (21 stumps
each) while in 2013 only 14 sprouted stumps were found
(Figure 8). Also, the compartment from 2017 had more
different species sprouting than the other two
compartments.

Relationships between sprouting characteristics
(number of sprouts per stump, height of the
dominant sprout, diameter of the dominant sprout,
height, and diameter of mother stump) for all the
species and species with the highest number of
stump sprouts (N. diderrichii)

The year of harvesting correlated negatively with the
other variables (Figure 9). The correlation between the
year of logging and sprout decay was weakly negative,
but it had a significant effect (P <0.005). Also, the
correlation between the height of the tallest sprouts and
stump diameter was weak but significant (P <0.032).
There was a highly significant relationship (P <0.0005)



Figure 8. The location of sprouted stumps in the Akak forest area.
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Figure 9. Loading of all variables in the principal component analysis.

between the height of the tallest sprouts and their basal
diameter with a moderate correlation. There was also a
significant relationship between the diameter of the tallest
sprouts and the decaying state of the sprouts (P <0.001)
signifying that as the diameter of the tallest sprout
increased so did the decay of other sprouts (Table 2).
Principal component analysis (PCA) showed that the
first factor contributed 34.1% and the second factor
contributes 19.1% of the observed variation, with a

communality of 66.6% (Figure 9 and Table 3) suggesting
that the sprouting dynamics of the observed stumps
could only be partially explained by the parameters
measured.

The first two axes of the PCA for N. diderrichii explained
62.8% of the variance (Table 4 and Figure 10). The
height of the stump correlated moderately negatively with
the height of the tallest sprout indicating that as stump
height increased sprout height decreased and the
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Table 2. Spearman Rho (P-value) for all species.

Diameter of mother Diameter of tallest Height of tallest Height of Number of sprouts

Parameter Year stump sprout sprout stump per stump
Diameter of mother stump - - - - - -
Diameter of tallest sprout - -0.028 (0.835) - - - -

Height of tallest sprout - 0.287 (0.032) 0.462 (0.0005) - - -

Height of stump -0.197 (0.145) -0.008 (0.951) 0.214 (0.113) 0.128 (0.346) - -

Number of sprouts per stump -0.055 (0.688) -0.107 (0.434) 0.112 (0.412) -0.107 (0.434) 0.118 (0.385) -

Decay sprout per stump -0.367 (0.005) 0.065 (0.632) 0.447 (0.001) 0.081 (0.552) 0.183 (0.176) 0.224 (0.096)

Table 3. Principal component analysis of the correlation matrix for all sprouted stumps.

Variable Factor 1 Factor 2 Factor 3 Communality
Year of harvest -0.830 -0.110 0.191 0.737
Stump diameter (cm) 0.174 0.572 0.637 0.763
Tallest sprout diameter (cm) 0.880 -0.013 -0.235 0.829
Tallest sprout height (cm) 0.662 0.421 0.018 0.615
Stump height (cm) 0.461 -0.339 0.577 0.660
Sprouts per stump 0.139 -0.725 0.298 0.633
Decayed sprouts per stump 0.476 -0.422 -0.136 0.423
Variance 2.3881 1.3341 0.9379 4.6601

% Variance explained 34.1 19.1 134 66.6

Table 4. Principal component factor analysis of the correlation matrix for Nauclea diderrichii.

Variable Factor 1 Factor 2 Communality
Diameter of Mother Stump (cm) 0.799 -0.375 -0.375
Diameter of Tallest Sprout (cm) 0.571 0.511 0.580
Height of Tallest Sprout (cm) 0.573 0.502 0.580
Height of Stemp (cm) -0.505 -0.595 0.609
No. of Sprouts per Stump 0.638 -0.011 0.407
Decayed Sprouts per Stump 0.352 -0.801 0.765
Variance 1.7526 1.3869 3.1394

% Variance 35.1 27.7 62.8
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Table 5. Spearman Rho (P-value) for Nauclea diderrichii.
Variable Diameter of Mother Diameter of Height of tallest Height of Number of sprout
stump tallest sprout sprout stump per stump

Height of tallest sprout
Height of stump

Number of sprout per stump
Decay sprout per stump

0.236 (0.257)
-0.032 (0.880)
0.290 (0.160)
0.432 (0.031)

-0.595 (0.002) -
0.018 (0.931)  -0.220 (0.290) -
-0.133 (0.526)  0.174 (0.404) 0.195 (0.350)

Table 6. Model parameters for predicting the number of sprouts.

Species Variable R’ Coefficient SE t-value p-value
Intercept 54 0.62 0.35 1.73 0.090
All species Stump diameter ' -0.0026 0.0030 -0.87 0.386
Stump height 0.0049 0.0032 1.53 0.131
. ... Intercept -0.90 1.73 -0.52 0.610
Nauclea diderrichii . 11.9
Stump diameter 0.0295 0.0167 1.76 0.091

diameter of mother stump correlated moderately with
decayed sprouts. These interactions were significant
(P<0.002) and (P<0.031) respectively (Table 5). The
correlations amongst stump sprouting parameters were
not statistically significant (Table 8).

Neither the equation for predicting the number of
sprouts for all species together or for N. diderrichii (Plate
la and b) by itself were significant, although the latter
relationship was stronger (Table 6). Thus, it is likely that
stronger relationships might have been found if there
were enough observations to separate the overall data by

species or species cohort.

The diameter of the tallest sprout can be used to
predict the height of the tallest sprout for all the species
together (Table 7). Similarly, the diameter of the mother
stump, the diameter of the tallest sprout, the height of the
stump, and the decay level of the sprouts can predict the
height of the tallest sprout for N. diderrichii. Again, it is
likely that stronger relationships could be established if
there were sufficient observations to allow species-
specific equations to be fit for all species that sprouted.

The decaying state of the sprouts and the height of the
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Table 7. Model parameters for predicting the height of the tallest sprout.

Species Variable R? Coefficient SE t-value p-value
. Intercept -166.4 75.5 -2.20 0.033
All species 34.05
P Sprout diameter 3091 6.64 4.66 0.000
Intercept -302 103 -2.93 0.008
Stump diameter 2.533 0.862 2.94 0.008
Nauclea diderrichii Sprout diameter 81.92 28.31 3.51 8.07 0.000
Stump height ' -1.231 0.514 -2.39 0.027
Sprout decay -205.2 53.8 -3.81 0.001
Table 8. Model parameters for predicting the diameter of the tallest sprouts.
Species Variable R’ Coefficient SE t-value p-value
Intercept 8.737 0.556 15.71 0.000
All species Sprout decay 37.86 2.029 0.667 3.04 0.004
Sprout height 0.0105 0.0022 4.74 0.000
Intercept -34.6 56.3 -0.61 0.545
i 28.97 4. 7. .
Nauclea diderrichii Sprout dla}meter 74.11 8.9 09 09 0.000
Stump height -1.523 0.590 -2.58 0.017
Sprout decay -134.6 56.3 -2.39 0.026

Plate 1.a and b: Sprouted Stump of Nauclea diderrichii

tallest sprouts can be used to predict the diameter of the
tallest sprouts for all species together (Table 8). Similarly,
for N. diderrichii, the diameter of the stump, the height of
the tallest sprouts, the height of stump and the decaying
state of the sprouts can be used to predict the diameter
of tallest sprout.

DISCUSSION

Timber species that sprout in the Akak forest after
logging and distribution of sprouted stumps

Thirteen of the twenty harvested tree species sprouted

after logging. Sprouting differed among stump diameter
classes, with the highest number of sprouts found in
stumps with 81 to 100 cm top diameters (Figures 2, 3 and
5). The highest number of sprouts was recorded 3 years
after logging from stumps with 41 to 60 cm top diameters
(Figure 5). This in contrasts with Gould et al. (2007) who
indicated that most hardwood species sprout from small
diameter stumps. The least number of sprouts were
observed in the 121 to 140 cm diameter class. This is in
line with Johnson (1977) and McGee (1978) who
postulated that as the stump diameter increases, the
number of sprouts reduces.

N. diderrichii, P. soyauxii, T. ivorensis, and P.
africanum displayed considerable variability in sprouting



response after logging (Figure 2). This result agrees with
Benjamin et al. (2017) who found high sprouting
probabilities across at least some parent tree sizes in
their study. The small number of sprouts for
Distemonanthus benthamia, Lannea welwitschi, Staudtia
Kamerunesis, Mitragyna ciliate, and M. excels agrees
with Wolfe and Pittillo (1977), Barnes (1985) and Stanturf
et al. (2001) who found relatively low sprouting
probabilities or low sprout persistence in their studies.

Johnson (1977) showed that four-year shoot elongation
of the tallest stem among white and black oak increased
as stump diameter increased up to a threshold of 6
inches (15.24 cm), and that, among black and white oak
stump sprouts examined in southern Indiana, white oak
had a marginal height advantage (Johnson, 1977). The
present results showed a relatively high mean height with
stump diameter that ranges from 121 to 140 for the year
2013, followed by the year 2015 as opposed to the year
2017 with relatively low sprout height.

Relationships between sprouting characteristics
(number of sprouts per stump, height of the
dominant sprout, diameter of the dominant sprout,
height, and diameter of mother stump) for all the
species and species with the highest number of
stump sprouts (N. diderrichii)

It was found that the stump diameter can be used to
predict the height of the tallest sprouts and the diameter
of tallest sprouts N. diderrichii (Tables 3 and 4). This
result agrees with many other studies. Sprouting ability is
influenced by the amount of accumulated reserves in the
stump and/or the activity of underground buds. Bigger
stumps have more reserves and/or more active
underground buds; therefore, bigger stump tends to
produce more sprouts (Cirne and Scarano, 2001; Miura
and Yamamoto, 2003; Ickes et al., 2003).

It was found that stump height and stump diameter
influenced the height of the sprouts (Table 6). Sander
(1971) noted that the early height growth of sprouts
present after clear-cuts depended on the size of the
stumps from which they originate, with sprouts from the
largest stumps growing the fastest, with the most sprouts.
For N. diderrichii, the height of the sprouts decreased
with an increase in stump height (Table 8), in line with the
findings of Johnson (1977), McGee (1978) and Gould et
al. (2007).

None of the regression equations for predicting the
number of sprouts were significant for all species
together and for N. diderrichii alone (Table 2). This is in
contrast to DeBell (1971) and EIl Houri (1977) who found
an increase in sprouting with an increase in stump height
working with other species. Harrington (1984) also
reported that sprouting in red alder (Alnus rubra) was
poor when the stumps were cut low. This may be due to
the number of dormant or trace buds being small on
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such stumps (Hook and DeBell, 1970).

The first two axes of the PCA explained 62.8% of the
variance for N. diderrichii (Figure 8). This indicates that
there are other unmeasured parameters, such as soils,
predation, and climate that could influence sprouting
(Poskin, 1949). Stump height correlated moderately
negative with the height of the tallest sprout (P<0.002).
Shackleton (2001) also noted a negative correlation
between the stump size and the shoot coppice lengths in
the regrowth of an indigenous savannah tree species
(Terminalia sericea). Khan and Tripathi (1986), working in
northeast India, found decreasing coppicing with
increasing stump size for four sub-tropical forest species.
They thought this to be caused by the increased bark
thickness of larger stems hindering the emergence of
buds.

In general, sprouting contributes to a life history
strategy of persistence that has been associated with root
carbohydrate storage, relatively high root to shoot ratios,
slow initial rates of shoot growth for true seedlings, large
seeds, and relatively low seed production (Kruger et al.,
1997; Bellingham and Sparrow, 2000; Bond and Midgley,
2001). Sprouting is important for promoting regeneration,
especially of logged timber species, and for the overall
dynamics of forest stands (Putz and Brokaw, 1989;
Kammesheidt, 1998; Miura and Yamamoto, 2003).
Thirteen of the 20 species harvested were found
sometimes to produce sprouts, although sprouting was
not consistent among the three logging areas and years
examined. This could be due to anthropogenic, ecological,
and environmental factors that were not measured
(Poskin, 1949; Salk et al., 2011).

While stump sprouting appears to be an important
mechanism of regeneration of some tropical timber
species, seedling regeneration, either natural or artificial,
must occur for the site to completely recover. Forest
managers could have reduced the cost of artificial
seedling regeneration by applying silvicultural treatments
on sprouting species such as N. diderrichii, P. soyauxii,
P. africanum and T. ivorensis which has a high ability of
sprouting. Long-term research is necessary to monitor
the growth and examine several unknowns concerning
the role of stump sprouts in successful site recovery
following harvesting. These include long-term sprout
survival (including the impact of stump damage on
survival), the quality of sprout-produced trees, and
environmental and ecological factors influencing tropical
tree species ability to sprout.

Clear cutting often prevents stumps from reaching an
age and diameter in which sprouting declines rapidly
(Johnson et al., 2002). Stump diameter is known to be an
important predictor of sprouting probability (Johnson et
al., 2002; Dey and Jensen, 2002).

Stump sprouts have the potential to grow quickly within
the first ten years due to the large root mass and stored
carbohydrates. Multiple flushes in growth can occur even
under drought conditions, whereas most other growth
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forms are subject to single flushing (Johnson et al.,
2002). Thinning of sprouts relatively early after harvest
may improve growth rates of high-quality sprouts,
resulting in mature stems with better growth form for
future harvest and rapidly creating oaks capable of mast
production (Johnson et al.,, 2002). Similar to other
regeneration methods, site preparation methods aimed at
reducing competitive vegetation before harvest, may be
vital even for stump sprout regeneration. Harvesting
timber at a relatively high diameter between 81 and 141
cm may have a greater probability of becoming the
primary constituent in the future forest composition.

Conclusion

In this study, it was found out that 13 timber species
sprouts in the Akak rain forest, N. diderrichii was the most
frequent sprouted. Principal component analysis tells us
that the relationship between sprouting parameters both
for all the species combined and N. diderrichii could only
partially be explained by the variables measured. Sprout
diameter, stump diameter, stump height and sprout
decay could be used to predict the height of the tallest
sprout while sprout height, stump diameter and sprout
decay could be used to predict the diameter of the tallest
sprout. These predicting models could help in predicting
the future growth rate and stand of the tropical rainforest.
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