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Eucalyptus camaldulensis is one of the exotic eucalypts introduced to Ethiopia in 1890s from Australia. 
It is one of the most adopted eucalypts in Ethiopia by smallholder farmers as well as in government and 
private medium scale plantations and grows well in more or less lowland areas as compared to other 
eucalypts such as Eucalyptus globules which grows in highland areas. It is used for poles, firewood, 
particle boards and construction in Ethiopia.  The objective of this study were: i) to know the 
productivity of seedling and coppice stands of E. camaldulensis at selected age and site; ii) to know 
whether there is variation in productivity between stand types; and iii) to compare profitability of E. 
camaldulensis with other cereal crops. Fifteen sample plots of size 25 m radius has been laid in a 
plantation of E. camaldulensis for stand inventory. The inventory result has showed that the mean 
volume per tree for the seedling stand of E. camaldulensis over the fourteen years is 0.06 m

3
 and that of 

the first generation coppice stand over the seven years is 0.02 m
3
 indicating MAI of 12.88 m

3
ha

-1
per year 

and 13.63 m
3
ha

-1
 per year respectively. One-way ANOVA has showed that there is significant difference 

in productivity of seedling stand and first generation coppice stand of E. camaldulensis in the study 
area (p < 0.001) and the profitability of growing E. camaldulensis when discounted to 10% interest rate 
is found to be higher than four major cereal crops grown in the study area.  
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INTRODUCTION 
 
Eucalyptus camaldulensis (Dehnh.) with common name 
river red gum is a tree of the genus Eucalyptus. It is one 
of around 800 in the genus in the family of Myrtaceae. It 
is a plantation species in many parts of the world, but is 
native to Australia, where it is widespread, especially 
beside inland water courses. In Ethiopia it is called Key 
Bahir Zaf or “red eucalypt” and one of the fifty-five 
introduced eucalypts and among the most widely adopted 
and used in plantations as well as smallholder farmers 
(Davidson 1995, FAO 2001). 

A tree species reference and selection guide in 
AgroForestry Database tell us that E. camaldulensis 
botanically was described as a commonly grown plant 
that grows to a height of 20 m tall, occasionally reaching 
50 m, with a trunk diameter of 1-2 m; in open formations 
has a short, thick bole and a large, spreading crown; in 
plantations has a clear bole of 20 m with an erect, lightly 
branched crown; bark smooth, white, grey,  yellow-green,  

grey-green or pinkish grey, shedding in strips or irregular 
flakes; rough bark occupies the 1st 1-2 m of the trunk. 
Leaves is grey-blue, alternate, drooping, 8-22 cm long, 1-
2 cm wide, often curved or sickle shaped, tapering, short 
pointed at base. Inflorescence axillary, solitary, 7-11 
flowered; flower buds white, globular-rostrate or ovoid-
conical; operculum hemispherical, rostrate or conical, 4-6 
x 3-6 mm, obtuse.  Its fruit is very small capsules at the 
end of thin stalks, 5-8 mm, valves 4, and containing 
minute seeds 
(http://www.worldagroforestry.org/sea/products/afdbases/
af/asp/SpeciesInfo.asp?SpID=760#).  

The species provide functional uses in the form of 
products and services. The products it provide include  
apiculture, fiber, timber, Tannin or dyestuff, essential oils, 
medicine and other products such as the bole has some 
potential for shiitake mushroom (Lentinus edodes) 
cultivation. It  also  provides  services  such  as  shade  or  
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Table 1. Biophysical limits for E. camaldulensis growth. 
 

Parameters  
Site condition for  E. camaldulensis growth 

Natural population ( Australia) In Ethiopia 

Climate 
 
 

• Mean annual rainfall: 325-750 mm 

• Mean annual temperature: 9-25 °C 

• Mean max. temperature of the hottest 
month: 26-32 °C; 

• Mean min. temperature of the coldest 
month: 1-7 °C  

• Annual mean temperature ranges from 15°C 
to 25°C for highland area 

• Mean annual rainfall: 500-1500 mm 

   
Altitude • 500-520 m • 500-2000 m 

•  
Biological traits • Evergreen tree up to 20m tall   

• Moderate to long lived (>15 years) 

• Fast growth rate 

• Vigorous coppicing ability, responds to 
pruning and  pollarding  

• Has moderate to deep root system   

• Its erosion control potential is  excellent for 
clayey and sandy sites 

• Has potential for Windbreak  

• Grows best in full sunlight 

• Its wood density is moderate to high (> 600 
kg/m3)  

• Has high carbon sequestration potential 
 

• Evergreen tree 20-30 m tall   

• Long lived (>25 years) 

• Fast growth rate 

• Vigorous coppicing ability, responds to 
pruning, pollarding but is mainly non-
lignotuberous 

• has moderate to deep root system   

• its erosion control potential is  good for 
clayey soils 

• Has potential for Windbreak  

• Grows best in full sunlight 

• Its wood density is moderate to high 730-880 
kg/m3)  at 12% MC 

• has high carbon sequestration potential 
 

 Provision of 
goods and 
services  

• Flowers produce nectar for honey 
production, pollen has value for apiculture 

• Implements/artifacts 

• Pulpwood, craftwood, flooring, heavy 
construction, high quality fuelwood, 
industrial charcoal, panelling, poles, posts, 
railway sleepers, speciality timber for quality 
furniture  
 

• Flowers produce nectar for honey 
production, pollen has value for apiculture 

• Implements  

• Cheap wood, fuelwood and  charcoal, poles, 
posts 
 

Soil pH reaction • Acidic (< 6.5), neutral (6.5-7.5) or alkaline 
 (> 7.5) 

• Acidic or alkaline 

 

 Source: FAO, 2001, Evans, 1992, http://www.worldagroforestry.org/sea/products /afdbases/af/asp/SpeciesInfo.asp?SpID=760#)  
 
 
 
shelter, ornamental and intercropping. Its growth and 
productivity varies from site to site and can be influenced 
by different biophysical factors (Table 1). 
 
 
Objectives 
 
i. To know the productivity of seedling and coppice 
stands of E. camaldulensis at selected age and site 
ii. To know whether there is variation in productivity 
between stand types 
iii. To compare profitability of E. camaldulensis with other 
cereal crops 

MATERIALS AND METHODS 
 
Description of the study area 
 
Goro Woreda is situated 490 km southeast from Addis 
Ababa and 60 km from the Zonal Capital, Robe. It is 
geographically located between 6°29″ - 7°15″ N latitude 
and 40°10″ - 40 °45″ E longitude (Figure 1).. It covers a 
total area of 451,009 ha, with elevation ranging from 
500–2610 meters a.s.l. by which the site this particular 
study undertaken is 1850 m a.s.l. The mean annual 
rainfall of the Woreda is about 500 mm. There are two 
rainfall and cropping seasons: the   main   rainy   season   
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Figure 1. Location of the study area. 

 
 
from  March  to May, and the short rainy season from 
August through November. The former contributes 55% 
of the total annual crop production. The latter covers 
areas at the high and medium altitudes. The annual 
mean temperature ranges from 25°C to 30°C for lowland 
areas and from 16°C to 20°C for highland area. There is 
about 95,043 ha natural vegetation cover, which is 21.1% 
of the total land area. 28,533 ha (or 30% of natural 
vegetation) are delineated by Goro-Bele Forest Priority 
area.  
 
 
Methods  
 
 A E. camaldulensis (Dehnh.) plantation of about 40 ha in 
Addis Alam Mana kebele was selected to do growth 
inventory. The plantation was divided in two adjacent 
compartments: one is a fourteen years old seedling stand 
compartment of about 16 ha and the other is seven years 
old first generation coppice stand compartment of about 
24 ha. A systematic sampling method was employed to 
lay the plots. A transect of 50 m away from the edge of 
the plantation  was made and the distance between the 
plots was 90 m and that between transects was 160 m. 
Then 15 circular plots (6 in the seedling stand and 9 in 
the first generation coppice stand) of size 25 m radius 
were laid. In each plot tree parameters such as height 
and diameter at breast height had been measured for 
each tree. The layout of the plots is as indicated in Figure 
2. 

The sampling approach was done by estimating the 
sampling intensity by equation 1, which is equals to 7.4%. 
 
 

                 EQ 1 
 
Where: I = sampling intensity (%); a = area of sampled 
plots (ha) and A = Total sampled area (ha) 
 
 
Data analysis 
 
After the raw data for tree parameters had been 
collected, the volume estimation was done by using 
volume table established for E. camaldulensis by  
(Örlander 1986a, b) for each tree in each plot and the 
estimated volume per plot had been summed up and 
then converted into per hectare basis. The volume in 
cubic decimeter on bark between stump and the top was 
calculated with the regression equation: 
 
LN (V) = -3.367 + 1.7527LN (D) + 1.2132LN (H) 
                                                                           (EQ 2) 
 
Where: V = volume (dm3); D = mean Diameter) cm); H = 
Mean height (m) and LN = natural logarism.  
 
To compare its profitability taking discount rate of 10% 
with cereal crops  (wheat,  barley,  sorghum  and  tef)  the  
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Figure 2. Schematic representation of the layout of the plots 
(green circles represent seedling stand and blue the coppice 
stand). 

 
 
 
mean productions per hectare of the cereals have been 
taken from the woreda bureau of agriculture and 
documents from NGOs working in the woreda has been 
taken as base data. The price of each cereal has been 
set based on local market by considering currency 
fluctuation since the planting of the eucalypts to the 14th 
year of final harvest. There was a cutting of the plantation 
at its 7th age (24 ha) and then coppiced and was 7 years 
old at the time of this inventory. The uncut plantation (16 
ha) has reached the age of 14 at the time of this 
inventory and the cut out volume was estimated as half of 
the coppice volume during the inventory. The key 
assumptions undertaken for the calculation were: i) input 
costs for fertilizer and herbicide; ii) Use of family labour 
for operation & management; and iii) sustainable crop 
production for over 14 years (1999- 2012). 
 
 
RESULTS 
 
Stand productivity 
 
The mean volume per tree for the seedling stand of E. 
camaldulensis over the fourteen years is 0.06 m3 and that 
of the first generation coppice stand over the seven years 
is 0.02 m3 (Tables 2 and 3).  The mean annual Increment 
per hectare for the seedling stand and first generation 
coppice stand for the respective ages is calculated as 
12.88 m3 and 13.63 m3 respectively, which showed the 
total productivity of 180.33 m3/ha for the fourteen years 
old seedling stand and 95.38 m3/ha for the first 
generation coppice stand (Figures 3 and 5).  The  density  

of trees for the former and later are found to be 3,504 
stems/ha and 4,006 stems/ha respectively (Figure 4). 
 
 
Productivity Variation between stand types 
 
One-way ANOVA statistical analysis (Table 4) has 
showed that there is significant difference in productivity 
of seedling stand and first generation coppice stand of E. 
camaldulensis in the study area (p < 0.001). 
 
 
Profitability comparison 
 
Comparison of revenue analysis at the discount rate of 
10% between wheat, barley, sorghum, tef and river red 
gum over the fourteen years on a hectare production has 
showed that river red gum was found to be more 
profitable than the cereals (Figure 6). 
 
 
DISCUSSION  
 
Productivity of tropical plantation forests grown on short -
term rotation lengths varies from 1-2 m³ ha-¹ per year and 
on medium-term rotations from 25-30 m³ ha-¹ per year 
(Evans 1992; Sankaran 1998; FAO 2001). Eucalypts are 
recognized as some of the fastest growing trees and 
some of them are preferred because of its high growth 
rate, short rotation length and provision of different 
products (Mekonnen et al., 2007). Growth rate and 
productivity of E. camaldulensis may vary from country to  
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Table 2. Productivity of seedling stand at fourteen years old. 
 

Plot No. Stems/plot Volume /plot (m
3
) Mean volume/tree(m

3
) 

1 500 19.44 0.039 
2 675 49.21 0.073 
3 650 42.08 0.065 
4 500 43.52 0.087 

14 775 32.25 0.042 
15 1,025 32.91 0.032 

Mean 688 36.57 0.06 

 
 
 

Table 3. Productivity of first generation coppice stand at seven years old  
 

Plot No. Stems/plot Volume /plot (m
3
) Mean volume/tree (m

3
) 

5 1,050 18.78 0.018 

6 750 21.05 0.028 

7 1,050 23.39 0.022 

8 725 22.05 0.030 

9 650 17.03 0.026 

10 650 20.12 0.031 

11 775 13.08 0.017 

12 400 8.54 0.021 

13 1,075 16.55 0.015 

Mean 792 17.84 0.02 
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Figure 3. Productivity of E. camaldulensis pre diameter class. 

 
 
country and even within a county of varying site quality` 
and from stand to stand types (Eldridge et al. 1993; 
CSIRO 2004; Marcar and Crawford 2004; Harwood et al.  

2005; Boland et al. 2006).  For instance, in Chile, an 
camaldulensis ranges from 10-40 m³ ha-¹ per year at 10 
example of more   temperate   climates,   the   MAI  for  E  
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Figure 4. Density of E. camaldulensis pre diameter class. 

 
 

Table 4. One-way ANOVA between productivity of seedling and first generation coppice stands of E. camaldulensis 
 

Variations SS DF MS F p 

Between stand type 2.02 1 2.02 22.20 0.000 
Within stand type 1.18 13 0.091   
Total 3.20 14    
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Figure 5. Mean Annual Increment (MAI) of E. camaldulensis pre diameter class. 
 
 

camaldulensis ranges from 10-40 m³ ha-¹ years 
(Lamprecht 1990) at which this study revealed   12.88 m3 
ha-1  per  year  at  14  years   seedling stand and 13.63 m3 
ha-1 per year at 7 years first generation coppice stand. 

In comparison of profitability analysis of eucalyptus 
plantation as compared to other production option, 
several studies in Ethiopia (Daba,  1998;  Demamu 2002; 

Zerihun 2002; Mekonnen et al.,  2007;  Mekonnen,  2010)  
had showed that Eucalyptus smallholder to medium scale 
plantation was found to be more profitable than other 
option. In this study it has been found that the profitability 
at the discount rate of 10% for wheat (Triticum 
aestivum(L.)), barley (Hordeum vulgare (L.)), sorghum 
(Sorghum bicolor  (L.)  Moench),  tef  (Eragrostis tef)  and 
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Figure 6. Revenue from different production options on a hectare over fourteen years. 

 
 
 

Table 5. Annual volume increment in E. camaldulensis plantations in different parts of the world, at rotations of 7-15 years. 
 

Country  MAI (m
3
/ha/year) Reference 

Argentina 20-25 FAO 2001 
Israel (irrigated plantation 30 FAO 2001 
Turkey ( heartwood growth) 17-20 FAO 2001 
Turkey ( 1st coppice generation) 25-30 FAO 2001 
Morocco 3-11 FAO 2001 
Portugal 2-10 FAO 2001 
Italy 6-7 FAO 2001 
Hamulo, south-central, Ethiopia 10-15 Davidson 1995 
Menagesha, Central Ethiopia 5-10 Davidson 1995 
Belete forest, west Ethiopia 12-18 Davidson 1995 
Asassa, south-central Ethiopia  12-15 Mamo et al. 1995 
Goro Bale, south-east Ethiopia  12.88 This study 
Goro Bale, south-east Ethiopia (1st coppice generation) 13.63 This study 

 
 
 
river red gum (E. camaldulensis) was 3,994.6, 4,790.1, 
4,336.8, 7,448 and 7,748 birr per hectare per year, 
respectively. In Philippines and Thailand, Niskanen and 
Saastamoinen (1996) had also come up with similar 
results in that eucalyptus plantation was more profitable 
than cassava cultivation.  
 
 
Conclusion 
 
E. camaldulensis is widely planted in smallholder farmers’ 
farms and in plantations of medium scale  enterprises.  In 

the former case, it is used for firewood, poles for fencing 
and house construction and farm implements, while in the 
later it is used for particle board production as in the case 
of Hawassa and Michew Particle Board Factories for 
example. This eucalypt grows potentially in the dry areas 
of the country than the other eucalypts introduced to 
Ethiopia. However, most of the growth studies regarding 
this particular species had been done in more or less in 
middle to higher altitude areas and this study was done in 
transitional area between lower and middle altitudes 
areas. Land is very scarce in the middle and higher 
altitude areas of Ethiopia due to high population  increase  



 
 
 
 
while comparatively available in the lowland areas. 
Therefore, more growth studies and modeling should be 
done on the productivity of E. camaldulensis in the 
lowland areas of Ethiopia at which the species can 
provide sufficient wood products for the emerging pulp 
wood and particle  board  factories  by   growing   on   
theavailable lands in the lowland areas of Ethiopia. 
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APPENDIX 
 

Table 1. Comparing profitability of four cereal crops with E. camaldulensis plantation at Goro 
woreda of Bale Zone, Ethiopia. 
 
Production 

Year 
NPV of all costs and revenues discounted  at 10% interest rate for the production of 

four cereal crops and river red gum (RRG) over 14 years 

Wheat Barely Sorghum Tef RRG 

1 1,050.00 1,200.00 990.00 2,000.00 -10,000.00 
2 2,205.00 2,520.00 2,079.00 4,200.00 -11,000.00 
3 3,475.50 3,972.00 3,276.90 6,620.00 -12,100.00 
4 5,223.05 5,869.20 4,999.59 9,682.00 -13,310.00 
5 7,145.36 7,956.12 6,894.55 13,050.20 -14,641.00 
6 9,259.89 10,251.73 8,979.00 16,755.22 -16,105.10 
7 11,585.88 12,776.91 11,361.90 20,830.74 5,622.89 

8 14,144.47 15,554.60 13,983.09 25,313.82 6,185.18 
9 17,658.91 19,610.06 17,856.40 31,845.20 6,803.70 
10 21,874.81 24,771.06 22,342.04 39,829.72 7,484.07 
11 27,562.29 31,498.17 28,401.25 51,812.69 8,232.47 
12 34,518.51 40,197.98 36,416.37 64,993.96 9,055.72 
13 42,520.37 50,467.78 45,683.01 79,893.35 9,961.29 
14 55,924.44 67,061.34 60,714.61 104,272.02 108,464.30 

 
 


