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ABSTRACT 
Grevillea robusta (A. Cunn. ex R.Br.) is widely used in Africa and grows on fairly well drained and neutral to acidic soils in altitude 
ranging 0-3,000 m a.s.l. but does not tolerate water logging or heavy clays. In Ethiopia, it does well in agro-climatic zones ranging 1,500-
2,700 m a.s.l. In this study, three south facing slope categories with mean slope in degree and mean slope length in meters {(15, 50); (8, 
70); (4, 100)} are selected coincidently in ten-year old G. robusta plantation perpendicular to the contour. Ten trees at each slope range are 
selected randomly. The objectives of the study were i) to identify the slope factor on height and Diameter at Breast Height (DBH i.e.1.3 m 
above the ground) growth of G. robusta trees and ii) to compare responses of apical and lateral growths of trees on three slope categories 
to give reasonable assurance of detecting meaningful differences. The statistical analysis from one-way ANOVA at � = 5% has shown that 
there is highly significant difference (P < 0.0001) in height growth of G. robusta planted on different slope ranges. Similarly, it was also 
recognized that there is significant difference (P < 0.04) in lateral or diameter growth of G. robusta trees planted at hillsides of Abaro 
Mountain at Wondo Genet. 
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INTRODUCTION 
 
Grevillea robusta is the largest species in the genus Grevil-
lea. It is a native of eastern coastal Australia, in riverine, 
subtropical and dry rainforest environments receiving more 
than 1,000 mm per year of average rainfall (Harwood 1990, 
1998; Derraik and Rademaker 2009). It is almost natu-
ralized in Ethiopia and grown in ornamental, coffee shade, 
along border and road side of tea plantation and in different 
agroforestry systems. As elaborated by several authors 
(Yasu 1999; Kalinganire et al. 2001; Tengnäs et al. 2007), 
it is widely used in Africa and grows on fairly well drained 
and neutral to acidic soils in altitude ranging 0-3,000 m a.s.l. 
but does not tolerate water logging or heavy clays. In Ethi-
opia, it does well in agro-climatic zones ranging 1,500-
2,700 m a.s.l. 

In broader ecological terms the effect of altitude on the 
growth of trees is commonly studied (Paulsen et al. 2000; 
Booth and Ekelem 2002; Coomes and Allen 2007). The 
treeline is the edge of the habitat at which trees are capable 
of growing. Beyond the treeline, they are unable to grow 
because of inappropriate environmental conditions – cold 
temperatures, insufficient air pressure, or lack of moisture. 
At the treeline, tree growth is often very stunted, with the 
last trees forming low, densely matted bushes (Peng et al. 
2008; Zhang et al. 2009). However, studies on the effect of 
slope on tree growth within the same landscape of minimal 
varying slope is not well studied and not given due con-
sideration. In Ethiopia, variations in slope within a short 
distance and their influences on plant growth are poorly 
understood as well (Barij et al. 2007). 

All plants need sunlight, food, water, air and space in 
varying degrees to afford their growth and life cycle. Trees 
increase in diameter as a ring of many cells of xylem is laid 

down by division of the cambium layer (Husch et al. 2003). 
As framed by Mexal (2005), the rate of growth depends on 
many factors such as: species, spacing, overabundant rain-
fall or drought years and site quality. Height growth occurs 
by elongation from the terminal bud as well as twigs and 
branches go through the same process (Harmon 1941; 
McNab 1989; Meizer 2003; Punches 2004). 

Several studies had shown that height and diameter 
growth are more affected by stand density. For instance, 
Woodruff et al. (2002) in their study had indicated that an-
nual growth in the higher stocking densities decreases to a 
level below that of the lower densities. This shift is pre-
sumably caused by increasing intraspecific competition, 
which suppresses growth in the higher density stands. Other 
studies indicate that apical growth is insensitive to density 
and that radial growth increases with increased spacing 
(Seidel 1984; Lanner 1985). Not only height and diameter 
growth that could be affected by different factors but also 
asymmetrical growth is due to a combination of many fac-
tors of which no one can be said to be directly responsible. 
However, of these factors some are more important than 
others. The factors that show the greatest response in un-
symmetrical growth are probably root position, slope and 
competition (Rao 2005; Gilman and Watson 2011). Of these 
three factors, root position combined with slope is the most 
important (Harmon 1941; Karanja et al. 1999; Auslander et 
al. 2003; McNab 2010). This study is, therefore, undertaken 
in ten years old G. robusta plantation planted with similar 
planting density at all the three slope ranges in the same 
climate.The objectives of the study is i) to recognize the 
slope factor on height and DBH growth of G. robusta trees 
and ii) to compare responses of apical and lateral growths 
of trees on three slope categories to give reasonable as-
surance of detecting meaningful differences. 
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MATERIALS AND METHODS 
 
Description of study site 
 
Wondo Genet is geographically located at 38° 37' 48" E and 7° 5' 
37" N with an altitude of 1800 m a.s.l. According to Natural Re-
source Management and Regulatory Department of the Ministry of 
Agriculture and Rural Development (NRMRD-MOARD 2005), 
the agro-ecological region of the area is characterized by Tepid 
humid mid highland (H3). According to rainfall data from Wondo 
Genet Meteorological station of the year 1991-2004, the average 
annual rainfall is 1372 mm. It has bi-modal rainfall pattern with 
extended rainy season from March to October. The peak rain 
seasons of the area are April (210 mm) and August (185 mm). The 
mean annual temperature is 19°C. The mean maximum and mini-
mum annual temperature is 29 and 10°C, respectively. 
 
Sampling approach and data analysis 
 
Three south facing slope ranges with mean slope in degree and 
mean slope length in meters {(15, 50); (8, 70); (4, 100)} are selec-
ted coincidently in ten-year old G. robusta plantation perpendicu-
lar to the contour. The slope has been measured with Swedish 
made sunnto clinometers. Ten trees at each slope range are selec-
ted randomly and the respective height and DBH of each tree is 
measured by Swedish made handheld Suunto hypsometer and 
Mantax Precision Blue beam calliper (calibration of 50 cm) res-
pectively. The data collected has been encoded thoroughly in 
SPSS-17 software package. After the raw data had been encoded 
one-way ANOVA was employed to analyze the variations among 
mean height and DBH and with regard to mean comparison, the 

Independent-Samples t-Test at � = 0.05 was used to analyze the 
difference between treatment means. 
 
RESULTS AND DISCUSSION 
 
Effect of slope on height and diameter 
 
The statistical analysis from one-way ANOVA at � = 5% 
has shown that there is highly significant difference (P < 
0.0001) in height growth of G. robusta planted on different 
slope ranges. Similarly it was also recognized that there is 
significant difference (P < 0.04) in lateral or diameter growth 
of G. robusta trees planted at hillsides of Abaro Mountain at 
Wondo Genet (Table 1). 

In a micro-climate of smaller area with almost similar 
climatic, soil and management condition, it was recognized 
that, as the slope steepness is getting higher and higher the 
apical (height) and lateral (diameter) growth of G. robusta is 
decreasing, indicating the influence of slope factor (Fig. 
1A-D – the error bars are displayed using standard error). 
The mean height at gentle slope is significantly taller than 
grown on the steeper slope and vice versa. A similar trend 
has been recorded for the diameter growth too. 

In height growth of G. robusta at the hillside of Abaro 
Mountain it has been recognized from the independent sam-
ples t-test that there is highly significant difference of mean 
height in trees between slopes 4° vs. 15° and between 8° vs. 
15° while there is no significant difference between 4° vs. 
8° slopes. In the same analysis for the lateral growth, it has 
been found that there is significant difference in mean dia-
meter growth of G. robusta between 4° vs. 15° slopes and 

Table 1 ANOVA for height and DBH growth. 
Parameter Sources Sum of Squares df Mean Square F p 

Between Groups 322.945 2 161.472 11.002 0.000** 
Within Groups 396.265 27 14.676   

Height 

Total 719.210 29    
Between Groups 133.693 2 66.846 3.684 0.038* 
Within Groups 489.926 27 18.145   

DBH 

Total 623.619 29    

 

 
Fig. 1 Height and DBH variation due to slope factor. 
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no significant difference between 4° vs. 8° and 8° vs. 15° 
slopes (Table 2). 

Tree diameter and height growth is sensitive to environ-
mental variations and can influence forest community dyna-
mics (Gilman et al. 1980; White 1981; Ren et al. 1998). In 
this study, both height and diameter growth of G. robusta 
trees were negatively correlated with slope at which the 
mean height is found more sensitive to slope variations than 
mean DBH. The lack of any significant differences in mean 
height of G. robusta trees on 4° vs. 8° slopes suggests that 
growth differences probably were not caused by a mecha-
nism that operates primarily through changes in these mini-
mal slope ranges. This is also holds true for the lack of 
significant differences in mean DBH between 4° vs. 8° and 
8° vs. 15° slopes (Table 2). It reflects to reason that dia-
meter growth is heavily influenced by other biotic and/or 
abiotic environmental factors than slope (Harmon 1941; 
Karanja et al. 1999; Auslander et al. 2003; McNab 2010).  
Rao (2005) and Gilman and Watson (2011) noted that root 
position combined with slope factor affected G. robusta dia-
meter as well as height growth, parallel to the result of this 
study. The result from this study may help in the manage-
ment plan in undertaking plantation projects which aim to 
produce high quality wood. Because slope factor has affec-
ted the growth of tree height and DBH (Table 3) which in 
turn in one way or another can affect symmetrical growth 
and wood quality. 

 
CONCLUSION 
 
It has been understood that knowledge of the growth res-
ponses of trees to factors of the environment is important to 
forest management. In doing so, the forest practitioner can 
use this knowledge to encourage the establishment and 
growth of desirable species by concentrating on sites having 
desirable characteristics. In this study, even if the primary 
objective is the study of slope factor of the site, it has done 
with the recognition of the effect of other factors at least at 
minimum level. This study has shown that the more the 
steeper is the slope the lower height and DBH growth of G. 
robusta trees in this particular study site. 
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