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Abstract

Invasion of forest by Acacia species is widespread in many terrestrial environments. However, their response to variation in
forest environmental conditions has received less attention. This study determined the influence of landscape heterogeneity on
growth of Australian Blackwood (Acacia melanoxylon) in tow tropical highland humid forests (Nabkoi Forest and Timboroa
Forest) in Kenya. Sampling was done by laying three-500 m long transect, followed by overlaying three plots 0.1 ha. plot (10 m
%10 m) longitudinally at 235 m intervals. Tree density, diameter at breast height (DBH) > 1.3 m, tree height and tree density were
measured in each plot. The study established that one of the sites was capable of supporting a larger number of trees (in terms of
density) whose growth (in terms of DBH and height) is constrained while the other site supports low density of fast-growing
acacia. The tree density, DBH, and height of acacia responded to variation in forest landscape heterogeneity. DBH of the invasive
species was significantly (P < 0.05) affected by altitude (-ve), slope (+ve), and aspect (+ve). The current study demonstrates that
altitude, slope, and aspect significantly influenced the growth of A. melanoxylon in the studied forest. To gain insight on how
these environmental gradients affect growth of the invasive species without compounding factors, future studies should be
conducted under controlled conditions.
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1. Introduction

Acacia (Family Fabaceae) species have wide distribution  of the most transported and introduced invasive species new
globally, including in Africa, Europe, Asia, and North and  environments in the last 50 years [6, 7]. This species has
South America [1, 2]. Member of acacia currently rank asone  shown remarkable ability to colonize, grow and dominate in
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their new environment [8, 9]. The most problematic and
widely discussed acacia species include Acacia dealbata Link,
Acacia longifolia (Andrews) Willd., Acacia mearnsii De
Wild., Acacia saligna (Labill) H. L. Wendl. Acacia cyclops
few detailed studies touching on Acacia melanoxylon R. Br.
[3, 4]. Acacia melanoxylon is capable of colonizing all envi-
ronments and has been reported in all the continents in coun-
tries such as Spain [14], Australia [14-16], South Africa [17,
18], New Zealand [19], Argentina [20], China [21]. There is
limited knowledge on their establishment in tropical, equato-
rial ecosystem.

A fundamental principle in understanding invasive woody
species is the knowledge of their response to environmental
heterogeneity. The ability of native species to survive in their
environments compared to the native plants have led to their
better survival, proliferation and eventual dominance over
native species [5]. Landscape factors have remained a major
determinant of the colonization, survival, germination, growth
and distribution of invasive acacia [10, 11]. There is still large
data gap on the how variations in environmental factors drive
growth of invasive species. The heterogeneous aspects of
landscape that may affect growth of plants include altitude,
slope, aspect, and elevation [12, 13]. Nevertheless, very little
information is available on the influence of physiognomic
factors on the growth response of several acacias.

In Kenya within the Uasin Gishu County, there are seven
numerous forest blocks that cover an area of 29,801.92 ha
where 56% are indigenous and 44% exotic plantations. The
Nabkoi Forest and Timboroa Forest. In these two forests,
there are two industrial forest plantations, comprising Cu-
pressus lusitanica and Pinus patula, which is invaded by A.
melanoxylon, which appears to be spreading in the area in-
cluding within cypress and pine plantations.

The area experience a tropical climate based on K&
ppen-Geiger classification. The forests are located at an alti-
tude 2600-2950 metres Above Sea Level (ASL). Rainfall in
the region range from 1,328.9 to 1,405.4 mm, where the long
rainy season occur between March and May, short rainy
season between August and October the rest being dry months.
The temperature in the study area range from an average
minimum of 7<C (June —August) to a maximum of 29<C. The
forests have fertile soils which favour high tree growth. Spe-
cifically, the selected study sites, Nabkoi Forest (2634 m asl)
and Timboroa Forest (2913 m ASL) are both considered high
altitude sites relative to the rest of the County with a differ-
ence of close 280 metres - a rather sharp rise considering the
distance between them.

This study determined the influence of landscape hetero-
geneity on growth of Australian Blackwood (Acacia mel-
anoxylon) in tow tropical highland humid forests (Nabkoi
Forest and Timboroa Forest) in Kenya. It is hypothesized that
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variation in landscape parameter such as altitude, slope and
aspect influence growth patterns of A. melanoxylon in named
forests in Kenya.

2. Materials and Methods

2.1. Study Area

The study was conducted in Kenya at two forests (Nabkoi
and Timboroa Forets) within the larger the North Tinderet
forest block in Uasin Gishu County (Figure 1). The Nabkoi
forest and Timboroa Forest are located between longitudes
3450’ Eand 3537’ E and latitudes 003° S and 055° N. The
area experience a tropical climate based on K&pen-Geiger
classification. The forests are located at an altitude 2600-2950
metres above sea level. Rainfall in the region range from
1,328.9 to 1,405.4 mm, where the long rainy season occur
between March and May, short rainy season between August
and October the rest being dry months. The temperature in the
study area range from an average minimum of 7<C (June —
August) to a maximum of 29<C. The forests have fertile soils
which favour high tree growth. Specifically, the selected
study sites, Nabkoi Forest (2634 m asl) and Timboroa Forest
(2913 m ASL) are both considered high altitude sites relative
to the rest of the County with a difference of close 280 metres
- a rather sharp rise considering the distance between them.

The geological formation in the study area is mainly basalt
rock boulders dating back to the pre-Cambrian formations.
Soils at the plateau are Ferralsols which appear as deep red
while at the lower altitude the soils mainly gleysols which is
poorly drained. The red loam topsoil is rich in organic matter.

2.2. Selection of Sampling Sites

The field study covered both the dry and rainy season and
was conducted from January 2022 to February 2023. A re-
connaissance survey in the months of November to December
2021 was done to evaluate the conditions of the study sites
before sampling. The sampling sites were selected longitu-
dinally from south to northwards based on invasion status by
A. melanoxylon. Nabkoi (2634 m asl): and Timboroa (2913 m
asl) were chosen to represent the species of interest because of
their difference in altitude, slope and aspects. The invaded
sites by A. melanoxylon within the Cupressus lusitanica and
Pinus patula plantations as well as the uninvaded sites were
sampled. For each species a stand not invaded by A. mel-
anoxylon was compared with an adjacent stand of the same
species invaded by A. melanoxylon.
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Figure 1. Uasin Gishu County in Kenya shwing the location of Nabkoi and Timboroa Forests.
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Figure 2. Typical laying-out of line transects in adjacent stands for Acacia melanoxylon in Nabkoi and Timboroa.

2.3. Field Measurements

Field measurement were conducted using line transects
method where, a 500 m long transect was laid longitudinally,
the three 10 by 10 m plots laid at 235 m intervals (Figure 2).
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From each 9-sample plots were assessed for tree data.

At each site and in each plot, tree density, diameter at breast
height (DBH) > 1.3 m, tree height and tree density were
measured. The DBH was measured using a diameter tape.
Suunto Clinometer was used to measure the height of trees.
The scale on the instruments was 1:15 or 1:20.
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2.4. Data Analysis

Data collected was organized and managed using a Mi-
crosoft Excel spreadsheet which was then converted to
STATISTICA 8.0 [22] and SPSS 23.0 Statistical Packages
[23] for final analysis. Tree density, dbh and height were
presented as means =+ Std. Dev. Mean differences in tree
dbh and height were analyzed using One Way ANOVA
followed by post-hoc’s Duncan’s Multiple Range Test
(DMRT). Differences in tree density was analyzed a
non-parametric Kruskal Wallis ANOVA test. Multiple
linear regression was used to test the relationships between
altitude, slope and aspect with respect to density, DBH and
height.

3. Results

3.1. Tree Density, Diameter at Breast Height and
Height

The Acacia melanoxylon plot density, DBH and height at
the two sampling sites are shown in Figure 3. The plot density
distribution of A. melanoxylon at the Nabkoi sites (700 to 900
trees per ha) was significantly lower (H 1s4) = 34.3242, P <
0.0001) than in Timboroa forest sites (1600 to 2200 trees per
ha). The mean dbh of A. melanoxylon in Nabkoi (9.7.5 £5.2
cm) was significantly (One-Way ANOVA: F(, 156) = 35.1247,
df = 3, P < 0.0001) lower than in Timboroa site (32.5 7.6
cm). The mean height of the invasive species was higher
(One-Way ANOVA: F, 126) = 9.1232, df = 3, P = 0.0006) at
Timboroa site (46.4 8.7 cm) compared to Nabkoi (25.6.5 =
4.2 cm).
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Figure 3. Acacia melanoxylon density, DBH and height in Nabkoi
and Timboroa Forest sites.

3.2. Landscape Parameters

The landscape parameters for A. melanoxylon growth at the
two sampling sites are shown in Table 1. Altitudes in Nabkoi
forest block was significantly (P < 0.05) lower than that rec-
orded in Timboroa. Slope in Nabkoi Forest stand was lower
than that of Timboroa Forest. Meanwhile, lower aspect oc-
curred Nabkoi than Timboroa.

Table 1. Summarized measures of altitude, slope and aspect for A. melanoxylon at the sampling sites.

Sampling sites ANOVA
Landscape parameters

Nabkoi Timboroa F P
Altitude 2572.8 +14.1° 2719.6 +6.5° 2445.791 <0.0001
Slope 7.8+16° 12.1 +2.2¢ 8.902 0.0002
Aspect 81.8 +23.4° 288.9 +23.4¢ 69.937 <0.0001

3.3. Relationship Between Density Against Slope
and Aspect

The density of A. melanoxylon in relation to slope and
aspect is shown in Figure 4, and regression analysis depicting
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the relationship between variables for the two study sites is
provided in Table 2. The A. melanoxylon density in Nabkoi
showed positive significant linear relationship with slope. The
A. melanoxylon density showed negative significant linear
relationships with slope in Timboroa. Meanwhile there was a
second-order positive quadratic relationship between A.
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melanoxylon density and aspect in Nabkoi, showing more
trees occurring at moderate slopes. The negative relationship
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between A. melanoxylon density and aspect was not signifi-
cant (P < 0.05) Timboroa.
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Figure 4. Tree density of A. melanoxylon at different slopes and aspects at low altitude (Nabkoi site) and high altitude (Timboroa site).

Table 2. Regression outputs showing the relationship between tree density/ha with slope and aspect at Nabkoi and Timboroa sites.

Landscape parameters

Slope

Aspect

Regression Statistics

RZ

Coefficient
Standard Error
ANOVA

=

P-value

RZ

Coefficient
Standard Error
ANOVA

F

P-value

Nabkoi Timboroa
0.3176 0.6508
67.442x+332.71 -33.243x+2260.2
4.2984 9.268

46.3453 33.0811

<0.0001 <0.0001

0.355 0.1078
-0.2001x? + 62.074x — 40.653 -2.609x+2454.23
0.4086 0.4392

1.7527 1.1942

<0.0001 0.1234

3.4. Relationship Between Tree Diameter with

Slope and Aspect

The A. melanoxylon diameter relationships with slope and

aspect are shown in Figure 5. The corresponding regression
trends on the relationships between tree diameter with slope
and aspect are shown in Table 3. Tree diameter of A. mel-
anoxylon showed significant binomial relationships with
slope in Nabkoi but significant linear relationship with slope
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in Timboroa. The relationship between DBH and aspect in

Timboroa was weak and non significant.

Table 3. Regression outputs showing the relationship between tree diameter at breast height with slope and aspect in Nabkoi and Timboroa

sites.

Landscape parameters Regression Statistics

Sampling sites

Nabkoi Timboroa
R? 0.8779 0.6508
Coefficient -0.798x2 + 3.4559x + 21.729 -0.051x% + 1.4678x — 80.715
Standard Error 1.9557 3.3619
Slope
ANOVA
F 18.1613 6.0209
P-value 0.0037 0.043
R? 0.4624 0.2555
Coefficient -0.1616x + 46.154 0.0569x + 50.738
Standard Error 3.9349 2.5816
Aspect ANOVA
F 2.7238 2.4024
P-value 0.044 0.1651
30.0 7 a) Slope 30.0 Tb) Aspect
Nabkoi Napkoi .
25.0 < 25.0 ;
g 20.0 1 . 2004 )
% 15.0 ¢ 15.0 \
[a)
= 100 10.0 A
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°
& o0 : : : : : .00 ; ; : :
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Figure 5. Tree DBH of A. melanoxylon relative to slopes and aspects in low altitude (Nabkoi site) and high altitude (Timboroa site).

3.5. Tree Height-slope and Aspect Relationships

Tree height in relation to slope and aspect in the study sites
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(Figure 6) and corresponding regression statistics (Table 4)
portray weak but positive trends between tree height and slope.
The height of A. melanoxylon showed positive significant
linear relationships relative to the slope for all the sites.
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Table 4. Regression outputs showing the relationship between tree height with slope and aspect in Nabkoi and Timboroa sites.

Landscape parameters Regression Statistics Nabkoi Timboroa
R? 0.4704 0.4142
Coefficient -0.2231x% + 64.342x + 17.739 -0.4052x + 24.716
Standard Error 1.5846 2.454
Slope
ANOVA
F 5.3358 4,988
P-value 0.048 0.0461
R? 0.6177 0.4171
Coefficient -0.0017x% + 0.4368x — 11.253 0.051x + 9.4035
Standard Error 1.7598 1.4894
Aspect
P ANOVA
F 7.3525 5.0085
P-value 0.0299 0.0452
30.0 7 a) Slope 300 1 ) Aspect
Nabkoi Nabkoi
25.0 - 25.0 -
20.0 1 . 2004
15.0 - ‘—'\\:: 15.0 - . “.
* *
10.0 10.0 A
501 5.0
E
- 00 T T T T T 1 00 T T T 1
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g 50.0 - Timboroa 50.0 7 Timboroa
&
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Figure 6. Tree diameter at breast height of A. melanoxylon relative to slopes and aspects in low altitude (Nabkoi site) and high altitude

(Timboroa site).

4. Discussion

In Nabkoi and Timboroa Forests, there is successful estab-
lishment and colonization by invasive A. melanoxylon.
However, there has been little attempt aimed at determining

how landscape heterogeneity affect the growth of the invasive
species within the plantation establishment. Therefore, in this
study, the growth of invasive A. melanoxylon and environ-
mental factors possibly influencing its establishment and

growth were investigated.

During the study, the plot density distribution of A. mel-
anoxylon at the Nabkoi was lower (approximately 400 to 500
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stems per ha) compared to Timboroa forest sites, where the
density ranged between 1100 to 1600 trees per/ha. This sug-
gests that there was a higher density of Acacia melanoxylon in
Timboroa compared to the Nabkoi forest block. The present
finding demonstrates that the Timboroa forest site can support
a larger density of tree species which may be attributed to the
location having better resources [24] that sustain the growth
of the tree species, which compares well with several studies
[25-27]. It is also possible that A. melanoxylon was a better
colonizer at the Timboroa forest site.

There was a negative linear relationship between A. mel-
anoxylon densities with slope, suggesting that A. melanoxy-
lon density decreased with increasing slope. However, in the
Timboroa forest site, the relationship was not linear but the
density of A. melanoxylon was highest at moderate altitudes
but low in both low and high altitude areas. The density of A.
melanoxylon increased with aspect in Timboroa but aspect

was not a factor controlling density distribution in Nabkoi site.

This may suggest that the angle inclination of the sites was a
significant factor controlling the colonization of the area by A.
melanoxylon.

These results show a positive response to changes in the
environmental landscape physiognomy [28, 29]. Acacia re-
sponse to slope and aspect has been shown in several habitats
[12, 30, 31]. In the tropics, higher altitudes, steep slopes,
elevation, and aspect are harsh environment which may retard
the growth of trees [32, 33]. The combinations of aspect and
slope may also indirectly affect the growth of invasive plants
through their effects on temperature, moisture, and radiation
[34].

The distribution of A. melanoxylon at the Nabkoi aggre-
gated toward size class 20-29.9cm while in the Timboroa
forest site, most of the DBH aggregated towards 40-49.9cm.
These findings suggest that tree DBH was higher in Timboroa
than in Nabkoi. Higher DBH growth of A. melanoxylon at the
Timboroa forest site could be due to reduced competition for
nutrients and other resource between individual commercial
tree and invasive acacia species, as dense understorey vege-
tation of shrubs, lianas and herbaceous species thus reducing
the nutrients required for growth of Acacia. Similar findings
have been reported elsewhere [35, 36]. There is also the aspect
of better environmental attributes of Timboroa to sustain
better growth of tree species. In the absence of previous
studies in the region to compare the growth of A. melanoxylon
in forest locations it would seem that the current explanations
remain limited to environmental conditions and nutrients. The
DBH of A. melanoxylon showed significant positive linear
relationships with slope except at Nabkoi, while the aspect
significantly influenced the diameter size distribution of A.
melanoxylon. Indeed, the height of A. melanoxylon increased
in tandem with the increase in aspect at all sites. In the tropics,
moderate to slightly high slopes, and aspect may optimize
environmental conditions for tree growth [32, 33].

The height of A. melanoxylon showed differences at the
forest site where higher heights were recorded in Timboroa
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compared to Nakoi. Nevertheless, there were intra-site dif-
ferences in the height of A. melanoxylon where the height of A.
melanoxyon was higher at the Timboroa invaded forest site
compared to the Timboroa uninvaded site. The height class
distribution of A. melanoxylon also showed that the majority
of A. melanoxylon in Timboroa ranged between 40-49 cm
while at Nabkoi the ranges were 20-29 cm. The present results
on canopy height are similar to DBH A. melanoxylon where
Timboroa forest sites have better growth in terms of height.
This may be attributed to the area having a higher concentra-
tion of nutrients such as nitrogen, phosphorus and organic
carbon that drive the growth of plants. The nutrients can im-
prove the growth of the invasive species as found in other
habitats [37, 38]. The higher height of A. melanoxylon at the
Timboroa forest site may also be due to better environmental
attributes of Timboroa to sustain better growth of tree species
[39, 40] or better physiognomic characteristics of the land-
scapes [11, 41]. The canopy height of A. melanoxylon in-
creased relative to the increasing slope for all the sites. The
growth in height of A. melanoxylon was positively influenced
by increased slope and aspect to some optimal levels beyond
which growth inhibition was observed. This suggests positive
growth responses at median values of these physiognomic
parameters, which clearly shows the effects of this environ-
mental landscape physiognomy on plant growth [42, 43]. In
the tropics, moderate altitude, slope, elevation, aspect and h
temperature often present optimal environmental conditions
for plant growth [32, 33].

5. Conclusions

The study established that one of the sites was capable of
supporting a larger number of trees (in terms of density)
whose growth (in terms of DBH and height) is constrained
while the other site supports low density of fast-growing
acacia. Tree density, DBH, and height A. melanoxylon dis-
played differences relative to landscape. Whereas slope and
aspect were positively correlated with DBH, the altitude was
negatively correlated with DBH of A. melanoxylon. The
current study demonstrates that altitude, slope, and aspect
positively influence the growth of A. melanoxylon.

The current study demonstrates the landscape factors af-
fecting the growth of A. melanoxylon. Future control of
growth of A. melanoxylon may be attempted by manipulating
the landscape variables. To gain insight on how these envi-
ronmental gradients affect growth of the invasive species
without compounding factors, future studies should be con-
ducted under controlled conditions.

Abbreviations
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ASL Above Sea Level
DBH Diameter at Breast Height
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