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1  Introduction 
 
Improved productivity and increasing product diversity is a key requirement for the rapidly 

expanding Ugandan forestry sector. Given that nearly 80% of the 40 000 ha currently under 

plantation species is planted to Pinus caribaea and much of the remainder to Eucalyptus grandis 

and some indigenous species, growers are increasingly looking to faster growing alternatives such 

as Eucalyptus grandis hybrids and other potentially promising species that are suitable for a wide 

range of end-products. Suitable species should also aim to minimize risk factors, such as drought, 

pests and diseases, particularly termites.  

 

Although close to the equator, the mean annual temperature of forestry regions in Uganda ranges 

between 18 and 24oC due to the relatively high altitude (> 1100m). As such the climate may be 

characterised as warm temperate at the higher altitudes (> 1400m) to sub-tropical/tropical at lower 

altitudes (< 1400m). The solar radiation levels are high given the proximity to the equator and 

coupled with high rainfall, absence of frost, favourable soils, a long growing season and lack of 

extremes in temperature result in the Ugandan climate being particularly suitable for a potentially 

wide range of commercially exploitable exotic and indigenous species (Smith, 2010a). Soils are 

generally good being deep and freely drained dominated by soil groups such as Ferralsols, Acrisols 

and Lixisols with smaller areas of poorer soils such as shallow Leptosols and poorly drained 

Fluvisols and Gleysols (FAO, 2006).  

 

Work has been carried out in the past on promising commercial species for Uganda. Perhaps the 

most extensive was that of Kriek (1970) who summarised a series of 78 species trials that were 

implemented from 1953 onwards. In these trials over 59 species of Eucalyptus, 52 pines, 16 Acacia 

and species of numerous other genera were tested. The approach to locating the trials was sound 

being based on the description of site classes related to altitude and “humidity” class, the latter 

based on a ratio of rainfall to evaporation. However due to a number of critical deficiencies in both 

the report and experimental approach this potentially illuminating study has provided little with 

regards to practical guidelines for new and promising species (see Smith, 2010b for more details). 

More recently Epila-Otara and Ndhokero (2009) analysed data from twelve Eucalyptus clonal hybrid 

trials established by the Uganda Gatsby Foundation and Mondi Forests of South Africa between 
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2002 and 2003 in seven agro-ecological zones of Uganda. The trials consisted of five E. grandis x 

urophylla, six E. grandis x camaldulensis clonal hybrids, clonal E. grandis (TAG 5) and local E. 

grandis. The results in general showed the good performance of the clonal hybrids across a wide 

range of conditions with E. grandis x camaldulensis being particularly suited to the drier conditions 

and E. grandis x urophylla doing well on wetter sites (Smith, 2010b). These results were utilized as 

the basis for a revised chapter in the SPGS Tree Planting Guidelines on Eucalyptus hybrids (SPGS, 

2009).  

 

With the exception of the Eucalyptus clonal hybrid trials which have given ample demonstration of 

the potential for fast-growing Eucalyptus for pole, bioenergy and pulp production, very little has work 

has been carried out on other promising Eucalyptus and as well as pine alternatives to P. caribaea. 

Similarly, little is known about the potential for fast-growing Corymbia and Acacia species in 

Uganda and knowledge on site requirements for Araucaria species, Tectona grandis (teak), 

Terminalia superba, the indigenous Maesopsis eminii and many others remains rudimentary. 

2  Objectives  
 

 To compare growth, survival, form and wood properties of Eucalyptus, Corymbia, pine, 

indigenous and other species across the wide range of growing conditions encountered in 

Uganda.  

 To provide demonstration plots of new promising species and to compare with growth of 

currently grown species  

 By locating the trials on commonly found site types, establish a basis for site: species 

matching on a regional basis and thereby provide key information for improving site:species 

matching guidelines in Uganda. 

 To establish a wider genetic resource for future breeding work. 

3  Rationale 
 
The rationale behind these trials is to test new species and compare them with what is currently 

being grown (e.g. P. caribaea and E. grandis). The trials may contain “standard clones” but they are 

not “clonal trials”. In this respect they will be referred to as “species introduction trials” testing new 
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and promising species that will have a ready market for small and large growers in Uganda. 

Adjacent to the main species trials a smaller number of “indigenous and other species” will be 

tested in larger blocks such as Araucaria cunninghamii, Maesopsis eminii, Terminalia superba and 

Tectona grandis. Although growth rates cannot be compared statistically between species of 

different genus in the same trial the main objective will be test the performance of these other 

species across a range of sites. The trials will be established according to the main site types in 

Uganda as identified in previous reports. It is important to grow as wide a range of species within 

each trial even if it is considered that some species are out of their range as this will provide 

confirmation of that fact. Growth will be measured at regular intervals but it will be important to 

determine wood properties relating to economically valuable traits of the species tested. The 

species introduction trials are a component of larger study to develop an improved site classification 

system for site: species matching in Uganda and of determining productivity potential of a range of 

commercially valuable species for tree growers in Uganda. It should be emphasized that the 

process is iterative with species guidelines being updated and revised when new information is at 

hand. 

4 Species and sites 

4.1 Species choice  
 

The potential species to be tested should include those species which are believed to grow well 

under the prevalent climatic and soil conditions. In a previous report it was highlighted that most of 

the existing SPGS growers and potentially afforestable area in Uganda are in areas where the MAT 

is between 18 – 24oC, corresponding to altitudes of between 1000 – 1600m at the equator and 

1200 – 2000m at 4oN (Smith, 2010a). A summary of optimum growth criteria for fast growing exotic 

and indigenous species with potential for commercial utilisation in Uganda was also presented in 

that report. A list of species has been compiled that, depending upon seed and clone availability, 

will be included in all of the trials (Table 1).  

 



6 

 

Table 1: Proposed species and sources of material for the SPGS species introduction trials  
 

Eucalyptus Corymbia Pinesc 

Species Source Species Source Species Source 

E. argophloia 
E. camaldulensis 
E. cloeziana  
E. dunnii 
E. globulus 
E. grandis  
E. grandis  
E. g x c (GC21)

 a
 

E. g x c (GC578)
 a
 

E. g x t (GT507)
 

E. g x u (G7)
a
 

E. g x u (G8)
a
 

E. longirostrata  
E. paniculata 
E. pellita 
E. saligna 
E. tereticornis 
E. urophylla 
 

Nseleni 
Australia 
Zimbabwe 
RSA improved

b
 

Australia 
Fort Portal  
RSA improved

b
 

Gatsby 
Gatsby 
Nseleni 
Gatsby 
Gatsby 
Nseleni/NCT 
Zimbabwe 
Australia 
Zimbabwe 
Australia 
RSA improved

b
 

C. citriodora 
C. henryii 
C. maculata 
C. torreliana

c
 

 

Nseleni 
Nseleni 
Zimbabwe 

P. caribaea var hondur. 
P. caribaea var hondur. 
P. caribaea var. baham. 
P. elliottii 
P. elliottii x caribaea 
P. kesiya 
P. merkusii 
P. oocarpa 
P. patula 
P. taeda 
P. tecumanii 

Brazil 
Australia 

RSA b  

RSA b  

Australia SO 
RSA  improvedb  

Zimbabwe 
Zimbabwe 

RSA improvedb 
Zimbabwe 
Zimbabwe 

a 
Depending on availability 

b 
Sappi Forests 

c 
No seed available at this stage 

b 
Sappi Forests 

c
 CAMCORE should be approached for see for trials 

Indigenous Others  

Species Source Species Source 

(African Mahogonies) 
Entandophragma spp. 
Khaya anthotheca 
Khaya senegalensis 
Maesopsis eminii 
Milicia excelsa 
Prunus africum 
Podocarpus spp.  
 
 

NFA 
 
 

Agathis robusta 
Araucaria cunning. 
Araucaria hunsteinii 
Cedrela odorata 
Cupressus lusitanica 
Grevillia robusta 
Tectona grandis 
Terminalia superba 
Terminalia ivorensis 

 

  

Table 2: Principal site types for each SPGS plantation cluster based on climatic zone, altitude and moisture deficit. Light red shading 
and bold text indicates the main climatic zone and moisture deficit class for a particular plantation cluster. High, moderate and low refer 
to relative moisture deficit. The higher moisture deficit reflects drier conditions and vice versa.  
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 Climatic zone 
Warm temperate (18 – 20

o
C) Sub-tropical (20 – 22

o
C) Tropical (22 – 24

o
C) 

Plantation cluster Main areas Altitude (m) 

1 South-Western Bushenyi 
Mbarara 
Kabale 

1630 - 1350 1350 - 1060 1060 - 750 

High Moderate Low High Moderate Low 

2 Victoria  Kampala 
Jinja 
Masaka 

1680 - 1400 1400 - 1110 1110 - 820 

High Moderate Low 

3 Mubende Mubende 
Fort Portal 
 

1730 - 1440 1440 - 1150 1150 - 870 

High Moderate Low High Moderate Low 

4 Central Luwero 
Nakasongola 
 

1770 - 1500 1500 - 1200 1200 - 910 

High Moderate Low High Moderate Low 

5 Albertine Hoima 
Kiboga 
 

1810 - 1530 1530 - 1240 1240 - 960 

High Moderate Low High Moderate Low 

6 Northern Gulu 
Lira 
Arua 

1900 - 1620 1620 - 1330 1330 - 1050 

High Moderate Low High Moderate Low 
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Table 3: Proposed trial sites based on major site types in Uganda and a tentative implementation timeline. 

 

Location Climatic information Site type 

Area Plantation 
cluster 

Altitude 
(m) 

MAT 
(
o
C) 

Rainfall 
(mm) 

Evaporation 
(mm) 

Climate zone Moisture deficit Rainfall 
pattern 

To be planted 2011 
Busoga Forestry 
Green Resources 

Victoria  1200 22.6 1290 1780 Sub-tropical/ 
Tropical 

Low Bimodal 

Kikonda 
Global Woods  

Albertine 1100 23.0 1150 1900 Tropical Moderate Bimodal 

Fort Portal 
 

Mubende 1520 19.5 1400 1580 Warm temperate Low Bimodal 

To be planted 2012 

Nakasongola Central 
 

1100 22.5 1000 1830 Tropical High Unimodal 

Mubende 
New Forests 

Mubende 1300 20.8 1200 1700 Sub-tropical Moderate Bimodal 

Lira 
Green Resources 

Northern 
 

1100 23.5 1450 2000 Tropical Moderate Unimodal 

Mbarara 
 

South-Western 1430 20.8 900 1500 Warm temperate/ 
Sub-tropical 

Moderate Bimodal 
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4.2 Trial location and site types 

4.2.1 Site types 
 

The aim would be to establish species trials on site types that are typical for Uganda. This 

framework was presented in the last two reports (Smith 2010a & b) and provides the basis for the 

suggested location of species trials throughout Uganda. A simplified classification is presented in 

Table 2 and related to SPGS Plantation Cluster and climatic criteria. The classification is explained 

more fully in the updated version of Matching Species to Site in an accompanying report which will 

eventually be incorporated into the SPGS Tree Planting Guidelines. Although a total of 25 site types 

are tentatively recognised in Table 2 based on a combination of mean annual temperature (and 

related to altitude and latitude) and moisture deficit, it is likely that this will be narrowed down 

considerably by using GIS to rank the relative importance of each site type based on their total 

occurrence in Uganda where plantation forests are viable. Once this prioritization has been carried 

out, a clearer picture will emerge of where trials should be located. However for the start, several 

distinct regions have been tentatively selected (Table 3) to locate the initial trials; the sub-tropical 

zone of the Victoria cluster, the tropical zone of the Albertine cluster and, depending upon 

availability of land, either the higher altitude area of the warm temperate area of the Mubende 

cluster or the tropical zone of the Central cluster (Table 3).  

4.2.2 Soil types  
 

It is suggested that once suitable regions have been located then trials should be established on 

soils that are most representative of the growing regions in Uganda. According to FAO (2006) the 

main soil groups in the main forestry zones of Uganda are Acrisols, Ferralsols, Nitisols and Lixisols 

with smaller areas of Plinthosols, Leptosols, Fluvisols and Gleysols. The former are deep, well 

drained red and yellow soils whereas the latter tend to be shallower and/or poorly drained. For 

simplicity it is suggested locating the initial trials on the deeper red soils.  

4.2.3 Trial timeline 
 

It is suggested to establish three trials in 2011 and up to four trials in 2012. The first trial should be a 

“test run” to demonstrate to SPGS personnel the process of establishing a field trial for species 

introduction. This latter trial is planned for March/April 2011 and will be planted to what is available 

from the company and local nurseries. The next two trials planned for the second rainy season in 
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August/September will have the benefit of a wider range of species being available as there will 

have been time to source and grow the seedlings required for the trials. A list of potential areas, 

companies and site types for the first trials is outlined in Table 3. 

5 Trial design and layout 

The main objectives of the trials are to test the survival and performance of species of species of 

various genuses. Because different genuses have different growth rates and growth patterns they 

should generally not be mixed within a trial e.g. Acacia and pine, Cupressus and Eucalyptus. The 

only exception to this is Eucalyptus and Corymbia which are genetically very similar. It is therefore 

suggested to establish a “trial cluster” which will consist of the following;  

 Two Eucalyptus/Corymbia trials (one with termite control and one without) with four 

replications each. Each plot will consist of 9 x 9 (81) trees consisting of two guard rows and 

5 x 5 (25) measured resulting in 100 measured trees per species/hybrid per trial. The 

design would be a randomized block (See Figure 1). Six to eight surround rows should be 

planted around trial to a suitable species. Depending on how many species the area 

required for such a trial would be between 1.5 and 4.0 ha. 

 A pine trial again planted as a randomized block with four replications with the same 

specifications as above except that the trial would not be repeated with and without 

termiticide.  

 Blocks of other species such as indigenous and other genus such as Araucaria 

cunninghamii, Cupressus lusitanica, Tectona grandis and Terminalia superba. 

As an example of how such a cluster could be laid out see Figure 1. 
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26

Eucalyptus trial Pine trialLarge species blocks

A. cunninghamii

Terminalia superba

Tectona grandis
Cupressus lusitanica Grevillia robusta

1 

2 

3

4 

5 

8 

6 

7 

1 

2 

4

5 8

7

6

3 
Rep 1 

Rep 3 

Rep 2 

Rep 4 

Rep 1 

Rep 3 

Rep 2 

Rep 4 

 
Figure 1: An example of a “trial cluster” with fully replicated Eucalyptus/Corymbia and pine trials and larger block plantings of 
other species
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6 Site preparation and trial maintenance 

 
An important principle in any field experiment is that each treatment must receive exactly the same 

site preparation. Another principle is not to confound the design with other treatments such as land 

preparation, fertilization, or spacing treatments. Invariably this will end up with a flawed analysis. 

 

6.1 Notes on land and site preparation 
 

 The site should be generally clear of physical obstructions. Plots must be laid out to skirt large 

termite mounds, remaining large trees or stumps. 

 If the trial plots are to be established into bush, the bush should be cleared and burnt.  

 Once the first weeds appear they should be sprayed with glyphosate and the trial marked out 

and planted soon after.  

 Any remaining vegetation (small trees and shrubs) should be chopped down for access to 

mark the site. 

 The site should then be prepared according to the most commonly used form of site 

preparation at each landowners’ property. Preferably this would include a manual pitting 

operation, shallow ripping or strip ploughing.  

 The site preparation should facilitate a spacing of 3 x 2 m (1667 stems per hectare).  

 It is preferable to mark and pit the area first before the trial plots are marked. 

 The spacing should be 3 x 2m.  

 Trees should be planted at the same time, within two days at each trial site and a balanced 

fertilizer applied within two weeks. 

 A super adsorbent such as Aquasol should also be applied at planting at a rate of about 5g 

per 400ml of water.  

6.2 Trial maintenance  

Dead trees should be replaced within two weeks of planting. The site should be kept weed free until 

canopy closure or if this is impractical at least the tree rows (1m either side of the 3m tree row) must 

be kept weed free until canopy closure. This would leave a one metre wide un-weeded strip which 

should periodically be cut back with a brushcutter or machete. Weeds in the vicinity of the planting pit 
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or within 25cm of the seedlings must be hand pulled. If herbicides are used it is vital that drift is 

minimized. 

 

As these trials test the general performance of the various species it is suggested that in the 

Eucalyptus/Corymbia and pine trials that the trees not be thinned before felling. For species planted 

in the larger blocks including the “tree improvement” blocks that the trees be thinned according to 

normal prescriptions for poles or sawtimber.  

6.3 Establishment of species x pests interaction trials 
 

Although species may be suitable for a particular location based on climate, a key decision in species 

choice, particularly Eucalyptus, will be the ability of the trees to withstand the effects of termites. The 

main soil type in most of the growing regions is Ferralsols and these are to a greater or lesser extent 

infested with various species of termites. Two species in particular are common and may cause 

damage; Macrotermes bellicosis which builds large mounds with vents around the base of the mound 

and Macrotermes subhyalinus which builds very large mounds without vents. It is therefore 

suggested that for the Eucalyptus/Corymbia trials, two separate but adjacent trials are established at 

each; one with any specific pest control for termites and one without. 

6.4 Establishment of other species in larger blocks 

Species such as Aruacaria cunninghamii, Cupressus lusitanica, Tectona grandis and Terminalia 

superba will be established in larger blocks, say of one hectare. These will require a spacing and 

thinning regime relevant for that species (see SPGS, 2009).  

6.5 Establishment of indigenous species that require shade 
 

There are numerous indigenous species that are commercially important such as some of the African 

Mahagonies (Entandophragma spp. Khaya anthotheca, Khaya senegalensis). As they require shade 

for early growth, silvicultural and harvesting technologies would need to be developed to allow this 

early development. One such way is to thin nearly mature fast-growing exotic stands and plant in the 

inter-row. “Reforesting” with indigenous species will become increasingly important in the light of the 

perceived ecosystem services they provide as well as being attractive to foreign investors keen to 

restore the degraded tropical environment. 
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7 Trial measurements and data analysis 
 

7.1 Tree growth measurements 
 

Measurements will be made at regular intervals after planting to monitor tree survival, growth and 

performance. Tree measurements, disease and form ratings will be carried out. First survival 

measurements will take place within two weeks followed by blanking (beating up). Positions of 

blanked trees should be marked on a datasheet for future reference. Once the trees are big enough 

diameter breast height (dbh) will also be measured. 

 

Data analysis will be carried out according to standard statistical and mensurational procedures. 

Summary data for each species will contain the following: 

 

 Survival 

 Height 

 Disease rating 

 Stem straightness/form 

 Vigour 

 Dbh and basal area (when older)  

 Estimated volume (from 2- 3 years) 

 Wood properties 

The first assessment will be conducted at six months. Thereafter the trial should be measured at one 

year, each year, until clearfelling. At clearfelling a detailed characterization of stem form should be 

undertaken in order to develop tree volume equations for each species.  

7.2 Data analysis 

Periodical statistical analysis of the trials should be undertaken using a suitable statistical package 

such as Genstat. It is imperative that trial data (hard copies and electronic) are kept in a logical and 

organized format in a secure environment. Failing to do so can undermine the whole effort of 

establishing the trials in the first place. 
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7.3 Site characterisation  
 
Each trial must be geo-referenced and the altitude, aspect. A central co-ordinate as well as the 

boundaries of the trial should recorded by GPS. Proximity to a weather station recording daily 

temperature and rainfall would be desirable otherwise a simple daily weather recording instrument 

should be installed within the vicinity of the trial. Some assessment of the natural 

vegetation/ecological zone according to the Atlas of Uganda or any other source should be made e.g. 

“Dry Combretum Savanna”, “Moist Acacia Savanna”.  

 
 

At each trial site a soil auger hole must be dug for soil sampling. The intensity should be about one 

observation per ha but a minimum of four auger holes regardless of size preferably equidistant from 

each other (four holes on the corner of a 100m square) or for example, one in the centre of each 

block of each trial corresponding to each replication. Samples should be taken down to 120cm at 

regular intervals 0 – 20; 20 – 40; 40 – 80 and 80 – 120cm. The soil should be described according to 

the depth and type of the main horizons present, soil texture and soil structure. Samples should be 

taken and analysed for clay, silt, sand, organic carbon content (Walkley-Black), Loss-on-ignition, pH 

(KCl and Water), Exchangeable cations (Mg, K, Na & K), exchangeable acidity, cation exchange 

capacity (CEC and ECEC), exchangeable aluminium, Total N and available P (Bray-2 or equivalent) 

and micronutrients (Cu, Bo, Mn, Zn).  

8 Conclusions  
 
The plan presented in this report is designed to be prescriptive but outlines the basic principles that 

should be adhered to for establishing species trials with a view to gaining maximum information from 

the trial series. Establishing trials on clearly defined site types should serve as an indicator in the first 

instance of the likelihood that those results should be repeatable on similar site types in a particular 

plantation cluster or throughout Uganda. Research trials of this magnitude represent a considerable 

investment in manpower and finance and it is very important that the programme be regularly 

evaluated and the trial plan for each financial year carefully considered and managed. Similarly, if 

improved site information, particulary with regards to improved climatic information comes to light, 

some of the site types and boundaries may need to be re-assessed.   
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It should be recognized that in species introduction trials it is not always possible to test each 

provenance or family of promising species and as such, poorly performing species may be discarded, 

when in fact the source or location of the genetic material is problematic rather than the species per 

se. On the other hand when promising new species are identified in a trial, consideration should be 

given to testing a wider range of provenances with a view to establishing a breeding seed orchard as 

the basis for a simple genetic improvement strategy as discussed by Barnes (1995). Such promising 

species should be apparent within two years of establishment.  

Some attention should also be given to defining the responsibilities of SPGS personnel and the 

landowner on whose land trials are established with regards to silvicultural and harvesting operations. 

The trials should be viewed as a collaborative exercise between a grower and SPGS with the latter 

undertaking to measure, monitor and analyse the trials and the landowner undertaking to provide all 

assistance (financial and provision of personnel) in the establishment, maintenance and harvesting of 

the trials. Because trials often require additional expenditure compared to normal company site 

preparation and maintenance, it is important that the landowner is fully aware of this so that they can 

budget and make provision for additional costs and disruption to their planting programme.  
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