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Cover photos: 

Main cover photo: A three year old GU clone in Buikwe district, showing the 
potential for eucalyptus hybrid clones under good management interventions.

Inset 1: Showing the importance of planning in forestry.

Inset 2: Showing harvesting operations with emphasis on safety, use of 
appropriate PPE, tools and correct posture.

Inset 3: Stack of fuelwood harvested from a 4 year old eucalypt 
compartment ready for use.

Disclaimer: The content of this publication is the sole responsibility of the SPGS II and in no way can 
be taken to reflect the views of the EU, FAO and the GoU.

The content of this publication was compiled by: Bedijo Nelly Grace, Walter Mapanda and Ahimbisibwe 
Henry. The content reflects SPGS’ experience in commercial plantation forestry development in Uganda. 
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Foreword

As the demand for wood fuels continues to rise in Uganda, it has become relevant, the setting up 
of commercial tree plantations for a sustainable supply of the much needed wood fuels. This 
way the huge pressures being exerted on the natural forests can be minimized.  The Food and 
Agriculture Organization of the United Nations received funding from the European Union 

to pilot commercial plantation development in the cattle corridor districts of Uganda (i.e. Nakaseke, 
Nakasongola, Luwero, Sembabule, Rakai and Mubende) for the production of wood fuel and charcoal; A 
programme which is being implemented by SPGS project under the Ministry of Water and Environment 
(MWE). The bioenergy project aims at strengthening the resilience of the farming communities in the cattle 
corridor districts to cope with the impacts of climate change. Therefore, this publication is part of a series of 
guidelines produced under the Sawlog Production Grant Scheme (SPGS) project.

This pilot program targets establishment of 100 ha of demo plantations and to subsidize planting of  600 ha of 
commercial plantations, support construction of improved kilns for charcoal conversion, conduct research 
studies on fuelwood plantation management and charcoal production and demonstrate best practices for 
establishment of wood fuel plantations and charcoal production- the purpose for which this guideline has 
been developed.

This guideline has attempted to detail forest operations relevant to bioenergy plantations, stating clearly the 
best operating practices and standards for implementation right from planning through establishment to 
management and harvesting. However, more information on all these practices can be obtained from the 
Tree Planting Guideline for Uganda available in soft copy at www.mwe.go.ug or available in hardcopy from 
the SPGS offices (see office contacts on back page).

The authors of this guideline hope that the contents will provide a good guide to investors and ensure the 
realisation of fast growing and high yielding bioenergy plantations. A lot of illustrations and pictures have 
been used for better understanding of the concepts.

I invite you to read carefully this guideline and encourage you to apply practices for a successful and 
profitable investment.

Byaruhanga Charles 
SPGS Project Manager
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1.0 INTRODUCTION: 
Why plantations for wood fuel and 
charcoal?

The energy sector in Uganda is made up of 
three sub-sectors: namely the hydro-power sub-
sector, petroleum and renewable energy. The 
state of the environment report (2010) states that 
biomass energy (inform of firewood, charcoal, 
and residues) meets more than 97% of the total 
energy requirements in Uganda. In addition, 
the National Population and Housing Census 
2014 pointed out that majority of households 
in Uganda use wood fuel as the main source 
for cooking; overall, 71% of the households 
use firewood for cooking (with 85% in the rural 
and 31% in the urban areas). This same report 
recorded a marked increase in the usage of 
charcoal (from 15.4% in 2002 to 22.9% in 2014). 
Also the Farm Income Enhancement and Forest 
Conservation (FIEFOC) Project baseline survey 
(2010) indicated that 3.4% of the people used 
plant residues for cooking, mainly in eastern 
Uganda. 

This high dependence on biomass energy has 
resulted in huge pressures on the natural high 
forests, which have been the primary source 
of wood energy. According to the state of the 
Environment Report (2010), the use of firewood 
and charcoal was singled out as one of the 
key issues contributing to the high levels of 
deforestation in Uganda.
The National Biomass Study (2003), noted that 
73% of all districts in Uganda are experiencing 

a deficit of accessible woody biomass for fuel 
wood. In addition, the national biomass study 
of (2005) noted that the districts in the Albertine 
region and the cattle corridor of Uganda are 
among the regions in the country experiencing 
the fastest rates of forest loss.
 
Given the continued rise in biomass energy 
consumption, and the reduction in forest cover 
over time, dedicated efforts on plantation 
development for bioenergy production needs 
to be supported and prioritized.  Commercial 
production of woody biomass will have a 
significant contribution to the economy by 
providing important sources of energy for small 
and medium scale industries and commercial 
enterprises and having a potential impact in 
reducing the emission of green house gases, 
hence contributing to mitigation of climate 
change (Willy Kakuru 2014) 

Biomass energy in Uganda for many years 
to come will remain a prime source of energy 
given the alternatives are costly and at times 
inaccessible to the rural populace. 

1.1 Tree species for firewood and or 
charcoal production:
Most tree species can be used for fuel, but the 
quality may vary greatly. Some species burn very 
fast but with a low calorific value. Other species 
produce a lot of irritating smoke and are difficult 
to dry sufficiently. Most appreciated for cooking 
are dense woods that burn slowly, producing a 
lot of heat with little smoke. Thus, tree species 
recommended for commercial bioenergy 
production must:

•	 Grow	quickly,	yield	a	high	volume	of	wood	
quickly, and require minimum management 
time.

•	 Coppice	or	sprout	well	from	shoots.
•	 Produce	dense	wood	with	low	moisture	

content.
•	 Produce	little	and	non-toxic	smoke.
•	 Produce	wood	that	splits	easily	and	can	

easily be transported.
•	 Produce	wood	without	thorns.
•	 Yield	other	products	or	services	for	the	

household.
•	 Produce	wood	that	does	not	spit	or	spark	

when burning

Source: Hines and Eckman (1993)

Deforestation resulting from the search for fuelwood 
and charcoal. This can only be addressed by setting up 

plantations for the so much needed biomass energy.
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1.2 Which are the potential bioenergy 
tree species?

Under the SPGS bioenergy programme, a 
number of species are being promoted. Species 
selection was based on experiences within 
the country and performance of bioenergy 
plantations elsewhere. Species being promoted 
include: Eucalyptus clones (majorly GU and GC 
hybrids), Eucalyptus camadulensis, Eucalyptus 
grandis, Gmelina arborea, Grevelia robusta, 
Markhaemia lutea, Acacia Magium and Acacia 
auriculiformis. (Refer to section 5 on page 11 for 
details on these species) 

More species shall be added onto this list based 
on the results on performance from the species 
trails being established within the country. 

2.0 PLANTATION PLANNING & 
BUDGETTING:

A well developed and guiding plan for a forestry 
project, termed a Forestry Management Plan 
(FMP) provides all the details pertaining to 
financial requirements, field operations, tools, 
timeline and labour needs. The success of any 
tree planting programme usually depends on 
how well this plan has been drawn.
Simpler and more user friendly plans should 
be developed from the FMP for field use, like 
the Annual Plan of Operations (APO), plans 
for labour, tools, and an operational budget as 
explained below. 

2.1 Annual Plan of Operations (APO)

The APO spells out the plantation operations 
and work volume in hectares (ha) for each 
operation planned for a year. The APO making 
process starts with the pashing of operations. 
This refers to the process of identifying all the 
operations to be executed, then sequencing 
them from the first activity to be implemented to 
the last one.  These operations are then spread 
on a monthly calendar showing time when each 
will be implemented. Phasing is fundamental; it 
ensures season bound operations are prioritized 
and gap filler operations implemented during the 
dry season.  
From the APO, monthly, weekly and daily plans 
can be set. Detailed planning ensures cost 
effectiveness and provides a form of check on 
implementation. 

The common activities that one needs  to plan for 
include: site survey, species selection, seed 
purchase, raising seedlings, clearing land, 
lining out, pitting, pre-plant weed control, 
planting, weeding and forest protection. In 
addition, bio-energy plantations require first 
pruning mainly to improve access and reduce 
fire risks.

The plantation calendar below illustrates phasing 
for some of the operations mentioned above. 
Assuming that your plan is to plant in September 
rainy season: booking for seedlings should be 
done at least six months to planting time to 
ensure planting is done in time: Seedlings should 
be booked from SPGS/UTGA certified tree 
nurseries (see www.fao.org and or www.utga.ug) 
or from NFA nurseries country wide.

2 year old eucalypt stand showing fast growth 
potential in eucalypts hence its appropriateness for 

biomass production.

The Samarieza team displays a plan for their 
plantation during a growers field day in Kiboga District 

(2012). Forestry is a longterm investment; without a 
proper plan, one can be perceived to be planning to 

fail.
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2.2 Plan for Labour

It is important to plan for labour: both skilled 
and unskilled labour and to determine as 
well permanent and temporary labour needs. 
Matching labour needs to the work volumes 
is termed as balancing labour. This ensures 
maximum utilization of mandays available limiting 
underperformance due to labour shortages or 
work overload. 

Investing in capacity building to develop the 
required skills is very important for success in 
the forestry programme. This can be enhanced 
further through group specialization; where 
skilled teams are developed  for very sensitive 
operations (like nursery activities, planting, 
chemical application, pruning and forest fire 
prevention).
Involving the neighboring communities into the 
forestry business to provide labour has proven to 
be less costly and as well the best way of limiting 
risks such as animal damage, forest fires and 

TABLE 2: ANNUAL PLAN OF  OPERATIONS (APO)
Activity Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Ha
Land clearing 75 75 75 75 300
Pre-plant spray 75 75 75 75 300
Mark & Pit 75 75 75 75 300
Plant 75 75 75 75 300
Beating up 75 75 75 75 300

75 150 300 225 0 75 150 75 225 225 0 0

NB: The APO sspecifies the activities scheduled and targets (ha) to be achieved/year.

ACTIVITY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Site survey               
Site & species selection             
Seedling booking             
Clearing land             
Lining out             
Pitting             
Pre-plant weed control             
Planting             
post plant  weeding             
Fire protection             
Animal protection             
Pest & disease control             

TABLE 1: PHASING OPERATIONS

The EU Ambassador to Uganda Kristian Schidmt 
handing over a certificate for forest contractor 

certification to Mr. Francis Tumuhimbise in Mubende 
District (2014). 

Developing skilled and professional forest contractors 
has been one of SPGS’ major focus.
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theft etc.
Use of forest contractors is highly recommended 
especially those accredited by SPGS / UTGA.

2.3 A Plan for tools

Forestry tools are operation linked and so various 
tools will be required such as pangas, slashers, 
hoes, water drums and knapsacks sprayers, 
etc. A budget for tools can be spread over the 
months, to ensure a fairly well distributed budget. 
The state and numbers of the tools should be 
monitored and recorded in an inventory book.

2.4 Plan for funds/budget

A guiding budget MUST incorporate all expenses 
to be incurred on the operation (s) (i.e. cost of 
labour, tools, transport and inputs). Annex 1 
indicates cost estimates for plantation operations 
for eucalyptus plantation establishment and 
maintenance for one rotation. 
In 2013, SPGS carried out an analysis of input 
costs using the SPGS model and established 
that establishment costs per hectare were UGX 
3,676,340 (i.e. costs incurred within the first 2 
years). 

Establishment costs vary significantly from 
district to district and between regions and is 
largely dependent on land type, vegetation, and 
rainfall. Additional factors such as the availability 
of labour, cost of labour and seasonality also 
impact establishment cost.

Operational costs are determined by combining 
Labour, materials and transport costs. Calculation 
of operational costs require that the Labour costs 
is pre-calculated and applied to the number of 
units (Labour) per hectare. It should include any 
additional special tools, materials, and transport 
required. (Further details on this can be obtained 
from the Tree Planting Guidelines for Uganda, 
revised edition, 2013)
Table 3 below shows the average units required 
per hectare and provides an indication of 
additional costs. The costs of operations can 
be calculated by multiplying Labour units per 
hectare by the calculated Labour units’ costs. 
Once the Labour cost is calculated, specific 
operational costs such as costs of tools, or 
chemicals should be included to determine the 
operational costs per activity.

Table 3: Shows average units (labour 
required) per hectare for some establishment 
and maintenance operations: 

Year operation Labour 
units/
ha

Stores & or 
equipment 

Notes 

0 Site survey 0.5 Include 
road and 
compartment 
alignment 

0 Land 
clearance 

18.5

0 Lining out 
and marking 

4

0 Pitting 3
0 Pre-plant 

spray
2 Glyphosate 3 Average liters 

per hectare
Knapsack 
sprayer

2

1 Plant 4 Seedlings 1111
1 Beating up/

blanking
2 Seedlings 167 Replacing 

dead 
seedlings

1&2 Ring hoeing 3.5
1&2 Slashing 4
1&2 Chemical 

weeding
3 Glyphosate 3 Average liters 

per hectare
Knapsack 
sprayer

2

Fire 
protection - 
annually

0.5

Road 
maintenance 

Dependent 
on scale

Pruning 
(access)

3 to 4 Depending 
on species

Table 4: The SPGS 15 step plan for successful 
bioenergy plantations development. 
1 Plan 12 months in advance and budget accordingly 

(seek professional advice where necessary)
2 Be clear which end product you are targeting
3 Train staff in the recommended practices to reduce 

costs and achieve high yielding crops
4 Match species with site and objectives
5 Use only selected, improved seed
6 Plant only high quality seedlings
7 Time land preparation carefully to coincide with 

rains and tree nursery development
8 Pre-plant weed control : do NOT plant into a 

weedy site
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9 Ensure correct plant espacement
10 Beat-up (replace failures) soon ( 1 month after 

planting)
11 Ensure weed competition is kept to a minimum 

especially during the early phase of establishment
12 Protect crop from animals and fire
13 Monitor growth and tree health
14 Prune on time
15 Target best markets for crop and sell at optimum 

time

3.0 SITE SURVEY
Before any tree planting starts, a thorough site 
survey should yield as much detail about the 
land, which will guide plantation development 
planning. The site survey should give details 
such as land size, boundary, conservation 
areas, potential risks/hazards, productive and 
unproductive zones, and this should help to 
guide how obstacles to plantation development 
can be minimised. Site survey is a very important 
exercise and should be done exclusively by 
moving throughout the area.

3.1 Boundary Identification 
This aims at establishing clear boundaries of the 
planting site, which will enable you to:-
i. Define the shape (layout) of the plantation.
ii. Identify the neighbours, their activities and 

the likely impact on your project.
iii. Measure total area (in hectares) available 

for tree planting and thus estimate how 
much resources are needed to establish and 
manage the plantation.

Knowing the land size will guide you in 
planning for resources. Area measurement can 
be achieved using a GPS (global positioning 
system). For small areas with a definite shape 
(square or rectangle), measure two dimensions 
in metres, calculate area and convert to hectares 
by dividing by 10,000.

3.2 Risks Assessment
Risks assessment in forestry is very important; 
one needs to understand the nature of risks 
and sites that are likely to be affected ahead of 
time, to prepare accordingly. Risk assessment 
involves a general study of the entire area, and 
the adjacent communities to identify possible 
risks and the best mitigation approaches. A map 
depicting affected compartments should be 
generated. This ensures a targeted approach for 
a cost effective risks management.

3.3 Conservation Areas

Land acquired for the forestry project might 
contain sensitive ecosystems like wetlands, 
natural forest, areas of special interest to the 
communities etc., which should be identified and 
conserved. 

Note: Never clear intact natural forest to plant 
trees. This is because the environmental and 
biodiversity values of a natural forest may not be 
replaced by tree plantations. Trees should only 
be planted in degraded forests and grasslands. 
In addition, timber trees do not grow in water-
logged areas (swamps). Selection of plantation 
establishment site should therefore avoid areas 
that do get water logged during rainy season.

3.3.1 Wetland delineation

Wetlands can be identified using soil form and 
vegetation type as indicators.  Use a combination 
of these indicators to delineate wetland zones as 
illustrated in figure 1 below.  

Wetlands of this nature are a common scenery on many 
sites. It is the responsibility of growers to conserve / 

protect such sites for their ecological functions.

Figure 1: Shows wetland zones profile



10 BIOENERGY PLANTATION DEVELOPMENT GUIDELINES

The table below shows vegetation types in 
different wetland zones:

Table 5: Wetland vegetation
Temporary 
Wetland Zone 

Seasonal 
Wetland Zone 

Permanent  
Wetland Zone 

Predominantly grass and 
woody species; mixture of 
non-wetland species and 
species which are restricted 
to wetland areas (hydrophilic 
plant species).

Mixture of sedge and grass species 
which are restricted to wetland 
areas (Hydrophilic such as 
Phragmites australis). 
Hydrophilic woody species, which 
are restricted to wetlands

Dominated by 
1) emergent plants which are usually > 1 m tall eg 

reeds (Phragmites australis), sedges and bulrushes 
(Typhacapensis)

2) Floating and submerged aquatic plants. 
3) hydrophilic woody species, which are morphological  

adaptated to prolonged wetness

It is important to note that no timber tree species 
can grow well in any of the wetland zones 
described in figure 1 and table 5 above. So if 
you need to grow trees well, ensure you clearly 
identify a wetland and grow trees away from 
it. The process of identifying the safest area to 
grow trees outside of a wetland is called wetland 
delineation. 

Before commencing on wetland delineation, it 
is important to conduct a reconnaissance of the 
wetland and surrounding areas.  A wetland is 
identified by the presence of water or hydrophilic 
vegetation such as sedges, rushes/bulrushes or 
reeds.  It consists of permanent, seasonal and 
temporary zones. Delineation starts from the 
wettest part of the wetland moving outwards  
the drier zone.  Auger sample points located at 
regular intervals along a series of transacts to 
a depth of 50 cm.  Mottles which are orange, 
yellow or black spots in the soil indicate water 
logging or poorly drained soils.  Mark the point 
where wetland indicators (mottles) are no longer 
visible on each transects.  This indicates the 
outer boundary of the wetland.  Always check if 
vegetation matches the wetland boundary.

4.0 DETERMINING THE PLANTABLE 
AREA ON YOUR SITE

4.1 Site selection

Site selection is conducted first before site 
species matching. Site species matching is a 
technical process which involves assessing the 
soil qualities and comparing them with a given 
tree growth requirements. Climatic and site 
factors that affect the growth of tree species 
are combined spatially to make a map. Climatic 

For forestry shallow soils should be avoided. Trees 
require deep soils for proper anchorage. During site 

selection, soil depth pits should be dug (inset) to 
eliminate sections of the land with shallow soils.

Participants at an SPGS training practically identifying 
the boundary of a wetland by examining the soil for 

presence of soil mottles.
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requirements include Mean Annual Precipitation 
(MAP), Mean Annual Temperature (MAT) and 
absence of frost. Site requirements include 
Effective Rooting Depth (ERD), soil fertility, soil 
drainage, soil structure and soil texture. The 
climatic and site requirements of each species 
in its areas of origin is then determined. Each 
requirement is then categorized, into three or five 
classes such as highly suitable, Very suitable, 
Suitable, Slightly suitable and Not suitable in 
relation to each species. The map is partitioned 
into the five classes for each species. These 
classes are silviculturally homogeneous sites 
that require the same land preparation, weeding 
and pruning regimes.

4.2 Site Species matching

A homogeneous site on a map may have three 
or four species falling in different classes of 
suitability. The process of site species matching 
allocates the site to the species which is highly 
suitable or very suitable for the site. For each site, 
the first choice species is the one that is highly 
suitable, then the second choice is the one that 
is very suitable and finally the third choice is the 

one that is just suitable for it. Thus in the end, 
all homogeneous sites are established to one 
species which is either most or very suited for 
it. Before planting trees commences on a site, a 
detailed soil survey is conducted using a 50 m 
or 100 m grid. Each grid intersection is augered 
to a depth of 125 cm where every 25 cm depth 
is analysed for drainage, consistency, structure, 
texture, soil depth impeding factors and soil 
fertility. It is recommended that tree planting will 
only take place on site class I and II. An accurate 

site species matching will lead to a realization of 
a high productivity potential of a site and ensure 
maximization of the economic output of a forest.

Incidence of pests and disease will also influence 
the decision on species to plant on a particular 
site. For example sites infested with termites are 
not strongly recommended for Eucalyptus spp, 
where other species are feasible.         

5.0 SUMMARY OF KEY SITE 
REQUIREMENTS AND SILVICULTURAL 
TREATMENTS FOR COMMERCIAL 
BIOENERGY SPECIES AND HYBRIDS:

Eucalyptus grandis:
Commonly known as Saligna gum. 

Origin: This species occurs in eastern Australia 
in the New South Wales, it hybridizes easily with 
Eucalyptus saligna.

Climatic requirements: Thrives best in warm, 
humid areas. 

Altitude
(m)

Rainfall
(mm)

 Mean  Temp
(0C)

Effective  
Rooting  

Depth(mm) 
<1600 >800 >15 >700

Develops well on deep well drained soils.  
Susceptible to canker on warmer sites. 

Reactions to the following

Drought 
resistance

Wind 
resistance

Hail 
resistance

Insect & 
diseases

Fire 
resistance

Poor Poor Poor Good moderate

2 year old Eucalyptus grandis crop

Trees are stressed and performance is very poor. 
Note Eucalyptus in wetland.
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Soil requirements – grows well on a variety of 
soil types but good depth and plentiful rainfall 
or soil moisture ensures high yields. It does not 
favour shallow or dry soils. Reaction to water 
logging generally poor although fair when not 
excessive.

Seed source recommendations: Use improved 
seed from seed orchards in Southern Africa. 
The recommended local stand in Uganda is Fort 
portal seed. 

Silviculture: Growth is very fast, a strong light 
demander. Exceptional form with a tall, clear bole. 
Tolerates close espacement (2.5 x 2.5m to 2.0 
x 2.0m i.e. 1600-2500 sph) Timber splits easily 
when felled.  Reacts badly to weed competition 
when young and thus necessitates frequent 
weeding, with complete soils preparation being 
best.

Regeneration:  initially established artificially 
from seed but later by coppice (very good) 
several times after clear felling (from 2 to 4 times), 
coppices very freely. A guide is that if less than 
70% of the stumps coppice, replanting should 
be done.

Utilization: Timber is suitable for furniture, 
veneer, and paneling. Can be used for poles 
and droppers, as well as for pulpwood and 
mining timber. Very good species for fuelwood 
production.

Eucalyptus camadulensis: 
Also referred to as Red river gum, Murray red 
gum.

Origin: widely distributed in Australia, but usually 
confined to valley bottoms which are subjected 
to regular flooding, however, often found on hill 
slopes. 

Climatic requirements: can withstand arid or 
semi-arid conditions provided there is sufficient 
moisture in the soil.

Altitude
(m)

Rainfall
(mm)

 Mean  Temp
(0C)

Effective  
Rooting  

Depth(mm) 
<600 >225 >15 >700

Reactions to the following
Drought 

resistance
Wind 

resistance
Hail 

resistance
Insect & 
diseases

Fire 
resistance

Good Fair Fair Good moderate

Soil requirements – Suitable for: light (sandy), 
medium (loamy) and heavy (clay) soils. Prefers 
well-drained soil and can grow in nutritionally 
poor soil. It prefers dry moist or wet soil and 
can tolerate drought. Reaction to water logging 
generally poor although fair on seasonally 
waterlogged soils.  

Seed recommendations: Use improved seed 
from seed orchards. 

Silviculture: Form is not great but this is not a 
big problem with fuel wood species. Tolerates 
close espacement (2.5 x 2.5m to 2.0 x 2.0m i.e. 
1600-2500 sph) Timber splits easily when felled. 
Requires clean weeding until canopy closure.

Regeneration:  initially established artificially 
from seed but later by coppice (Coppicing 
ability is vigorous). Provenances coppice well for 
five or more rotations; good coppicing may be 
increased by felling trees outside the dry season 
with a cleanly cut short stump and minimum bark 
damage. 

Utilization: E. camaldulensis is not commonly 
planted for timber production because of poor 
form but it is very good for fuelwood.

Eucalyptus hybrids: 

Eucalyptus hybrids have been developed for 
the following reasons: 
1. To combine desired traits of two species;

A 6 year old Eucalyptus camadulensis stand in Gulu 
District at Opok Central Forest Reserve.
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3 month old GU clone in Mubende District.

2. To exploit hybrid vigour;
3. To increase the adaptability of a eucalypt 

species to areas which are marginal for the 
parent species. 

Some of the hybrids being grown successfully 
in Uganda include combinations like Eucalyptus 
grandis x Eucalyptus urophylla. This combination 
commonly referred to as GU hybrids combines’ 
good growth from E. grandis with stem canker 
(Coniothyrium zuluensis) tolerance from E. 
urophylla. GU hybrids perform well in humid to 
sub-humid conditions. In Uganda, they have 
been seen to perform best in south western 
Uganda and around L. Victoria region.

Eucalyptus grandis x Ecalyptus camaldulensis. 
These hybrids commonly referred to as GC 
hybrids combine good growth from E. grandis 
with drought tolerance from E. camadulensis. 
GCs suits hotter and humid sites.  In Uganda, 
GCs have been seen to perform best in the 
Northern and Eastern Uganda.

Silviculture: Close espacement (2.0 x 2.0m to 3 
x 3m i.e. 2500-111 sph). Clean weeding (100% 
weed control) till canopy closure.

Hybrid Rainfall
(mm)

 Mean 
Annual  

Temp(0C) 
range 

Effective  
Rooting  
Depth 
(mm)

Soil 
drainage

Drought 
resistance

Hail 
resistance

Insect diseases

Eucalyptus grandis 
X Eucalyptus 
camadulensis (GCs)

> 600 >18-22 >700 Good high low high moderate

Eucalyptus grandis x 
Eucalyptus urophylla 
(GUs)

> 950 19-22.5 >700 Good low low high moderate

Regeneration:  Hybrids can only be regenerated 
from healthy seedlings. Coppicing can be done 
with good management.

Utilization: Eucalyptus is suitable for timber, 
transmission poles, furniture, veneer, and 
paneling. It can also be used for poles, pulpwood 
and firewood. 

Gmelina arborea
Commonly known as “white teak, gmelina

Origin: G. arborea occurs in the western 
Himalayas 

Climatic requirements: 

Altitude
(m)

Rainfall
(mm)

 Mean  Temp
(0C)

Effective  
Rooting  

Depth(mm) 
<1200 >700 >20 >700

Reactions to the following
Drought 

resistance
Wind 

resistance
Hail 

resistance
Insect & 
diseases

Fire 
resistance

High Moderate High High High

3 month old GC clone in Mubende District.
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Soil requirements – Its choice of site is wide, 
but it shows a preference for moist fertile valleys 
with sandy loam soil; it does not thrive where the 
drainage is poor and it remains stunted on dry 
sand or poor soils. 

Seed recommendations: Use improved seed 
from seed orchards

Silviculture: For firewood, a spacing of 2 x 2 m 
is recommended i.e. 2500 sph) .Although able 
to compete with weeds more successfully than 
many other species, it responds positively to 
weeding and also benefits from irrigation. 

Regeneration:  regenerates well from both 
sprouts and seeds. Trees coppice well with 
vigorous shoot growth.

Utilization: it is regarded as a valuable general-
purpose wood because of its dimensional 
stability. The natural durability of the wood is 
about 15 years. Uses include the manufacture 
of furniture, plywood core stock, mine props, 
matches and timber for light construction. It is 
planted mostly for firewood.

Pests and diseases: Where it is introduced 

from, it has few disease problems. Nursery
Diseases includes wilting in 1-2 month old 
seedlings; damping-off fungus that causes high 
seedling mortality; and a root-collar disease 
on 4-month-old seedlings. Plantation diseases 
observed include: leaf spot, vascular necrosis 
and chlorosis, heart rot, and canker.

Grevillea robusta
Common names; Grevillea, Silky oak. 

Origin: Originated from South Eastern Australia
Climatic requirements: 

Altitude
(m)

Rainfall
(mm)

 Mean  Temp
(0C)

Effective  
Rooting  

Depth(mm) 
<2500 >800 >13 >700

Reactions to the following  
Drought 

resistance
Wind 

resistance
Hail 

resistance
Insect & 
diseases

Fire 
resistance

Fair Poor Poor Fair Moderate

Soil requirements – The species performs 
best on well drained fertile soils but also grows 

A 2 year old Grevillea robusta crop in Mubende 
District. 

A 2 year old Gmelina arborea in Sembabule District 
showing potential of the species for hot humid areas.
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A 4 year old Markhamia lutea crop in Mubende 
District.

moderately well on medium textured soils (loam, 
clay-loam to light sandy soils). However, it does 
not tolerate waterlogged soils and is susceptible 
to termite attack.

Seed recommendations: Use certified clean 
seeds

Silviculture: growth is very fast. For fuelwood, a 
closer spacing is recommended i.e. 2.5 x 2.5 m
 
Regeneration:  mainly propagated through 
seeds.

Utilization: mainly used for timber, fencing, 
poles/posts and fuelwood. It is also used for bee 
forage, mulch, soil conservation, wind break, 
shade and ornamental.

Markhamia lutea
Commonly known as Markhamia. Locally 
referred to as (nsambya, lusambya in Luganda).

Origin: It is native to Ethiopia, Kenya, Tanzania, 
and Uganda .This species is common in the lake 
basins and highland areas of Eastern Africa. 

Climatic requirements: A tropical African tree 
common in the lake basin and highland areas.

Altitude
(m)

Rainfall
(mm)

 Mean  Temp
(0C)

Effective  
Rooting  

Depth(mm) 
<2000 >800 >12 >700

Reactions to the following  
Drought 

resistance
Wind 

resistance
Hail 

resistance
Insect & 
diseases

Fire 
resistance

High Moderate Fair Moderate Moderate

Soil requirements –it prefers red loam soil but 
can tolerate well-drained, heavy, acidic clay 
soils. The tree is drought resistant but cannot 
withstand waterlogging.

Seed recommendations: Use certified clean 
seeds available. 

Silviculture: M. lutea grows fast in good forest 
soil. Close espacement (2.5 x 2.5m to 2.0 x 
2.0m i.e. 1600-2500 sph) Reacts badly to weed 
competition.

Regeneration:  initially established from seed 
but later by coppice 

Utilization: The wood is fairly resistant to 
termites and used for furniture, poles, posts, 
tools handles, boat building and in buildings for 
roof timbers. M. lutea produces good firewood 
and very good charcoal. The leaves, roots and 
bark have medicinal value

Pests and Diseases:	 Young	 trees	 are	 often	
attacked by shoot borers, resulting in crooked 
stems.

6.0 SEEDLINGS
SPGS in conjunction with Uganda Timber 
Grower’s Association (UTGA) imports improved 
seed from countries with renowned tree breeding 
programmes. Improved seeds have superior 
growth characteristics, high yields and good 
resistance to pests and diseases. These seeds 
are raised by a group of accredited private 
nursery operators. When booking for seedlings 
always check for a valid SPGS/UTGA certificate 
for nursery practice and confirm the seed source, 
to avoid disappointments! 

Eucalyptus clones ready for planting.
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6.1 Characteristics of a good quality 
seedling: 

A seedling of good quality should be:- 
 Green in color and healthy without signs of 

pests and diseases infestation.
 Height of 15-20 cm when measured from root 

collar to the tip of the shoot.
 Root : shoot ratio of 1:2 (i.e. shoot should be 

twice the root in height)
 Well developed roots which are not coiling in 

the pots.
 Single, straight, sturdy and well centered in 

the pot

6.2 Characteristics of a poor quality 
seedling 

Seedlings of poor quality are unfit for planting 
and will show features like:  
o Generally weak with an imbalanced shoot: 

root ratio.
o  Abnormally taller shoot compared to the root 

length
o  Not healthy and discolored; with clear signs 

of pests and disease infestation. Leaves 
not dark green but yellowish/brownish and 
spotted.

o  Presence of multiple leaders/shoots, and a 

bushy crown.
o Coiled roots and or an imbalanced root 

distribution around the main stem.
o Over mature; carried forward from the 

previous season.

6.3 HYBRIDS

Clones and hybrids can be sourced from certified 
clonal tree nurseries. List of these nurseries is 
available on SPGS and UTGA websites. 

7.0 ESTABLISHMENT OPERATIONS: 

Before the planting operation starts, a number 
of activities should be implemented to prepare 
the land. Land preparation involves land clearing 
(bush clearing and fuel reduction), lining out, and 
pitting and pre-plant spray operations. Planting 
seedlings on a properly cleared site leads to 
rapid and uniform growth in addition to achieving 
a high survival. 

7.1 Bush clearing

This involves removal of all existing vegetation on 
the site in preparation for the planting operation. 
Bush clearing can be done manually (using simple 
tools like axes, pangas, slashers, power saws) or 
chemically or mechanically using machines like 
tractors and bulldozers. The choice of method 
to use for bush clearing will depend on the type 
of existing vegetation, scale of planting, terrain, 
labour availability and related costs.

Bush clearing should be done in the dry season 
to promote quick drying of the cut vegetation. 

Overgrown Eucalyptus seedlings carried over from 
one season will struggle to establish because they 

have coiled roots.

Good quality GC clone ready for planting. 
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A well cleared site makes it easy for the execution of 
subsequent operations.

Waste material realized should be resized into 
smaller pieces (I meter in length) and in contact 
with the ground. Waste material should be moved 
at least 6 meters away from roads. Residual 
stumps should be lower than 20cm in height to 
reduce on obstacles within the field. 

7.2 Fuel reduction: 

This activity is aimed at eliminating dry matter 
from the site. Accumulation of dry fuel within 
the plantation presents a huge fire risk. Care 
should be taken while burning to ensure a cool 
fire ( not too hot to bake the soil and destroy its 
structure.) Burning early in the mornings or late 
in the evenings when it is less windy is safer and 
results in the fire being effectively controlled. 

7.3 Marking and pitting

The importance of planting the correct number 
of trees to optimize the site potential, yield and 
timber quality cannot be over emphasized.  
Marking and pitting must be conducted as 
soon as possible after the harvesting and land 
preparation operations have been completed.  
If delayed, natural regeneration and coppices 
recolonize the site and hence clearing and land 
preparation have to be repeated.   Close spacing 
for example 2 m x 2 m is expensive in terms of 
number of pits marked and prepared but leads 
to straighter tree forms and small braches.  Wide 
spacing 4m x 4 m is cheap implement in the field 
but causes trees to have heavy branches and low 
crowns.  Wide spacing takes longer to achieve 
site capture hence weeding cost increase.  
Spacing must take into account the relationship 
between row direction and extraction route.

Planting pits should measure 25 cm x 25 cm x 

25 cm and must be in the mineral soil and not 
litter layer.  Pit dimensions must be uniform in 
the compartment to achieve uniform tree growth 
through optimum water and nutrient uptake.  
Organic material should be removed before 
pitting and replaced after pitting. Walls of pits 
must not be glazed for this inhibits root growth 
across the soil boundary.  Planting pits must be 
free of roots, branches and rocks.  Soil to be 
returned in the pits must have a fine tilth which 
allows rapid early root development.

Procedure for marking holes for 
pitting

The tools used include one cross head, at least 
6 ranging rods, a long rope (about 100 meters) 
marked at desired spacing (say 3m spacing) 
and hoes for digging marks on ground. Steps 
followed:-

1. Establish a main baseline (ABC) using ranging 
rods. Do this by first fixing 2 ranging rods 
and thereafter, carry on with rods 3, 4, 5 etc. 
in a straight line. The main baseline should 
be the longest line across the centre of the 
compartment, preferably parallel to the 
compartment	access	road	(See	diagram	Y1).

2. Align the marking rope then mark the 3m 
points	on	the	ground	(see	diagram	Y2	below).

Diagram (Y1): Setting the main baseline ABC at centre 
of compartment.

Diagram (Y2) 3m marked rope is aligned at base of 
ranging rods to mark the main baseline (ABC).
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3. Locate the position of the sub-baseline (EBF) 
at right angle to the main baseline (ABC) and 
align ranging rods along it using a crosshead. 
Preferably, the sub-baseline should be 
located at the centre of the main baseline as 
shown	on	diagram	Y3	below:-

4. Mark planting pits in the 1st, 2nd, 3rd, and 4th 
quadrant progressively. Mark starting from 
the centre of the main baseline so that any 
errors are pushed towards the edges of the 
compartment.

5. Persons working at the other edge of the 
compartment should use a 2m long pole to 
align the rope pararell to the sub-baseline 
EBF.

6. When lining out on steep slopes (more than 

20o slope), slope correction is necessary 
otherwise the horizontal distance between 
the trees will be less than expected. The same 
procedure of lining out described above is 
followed as shown on diagram (c).

 The sub-baseline should appear as shown 
by rope AC whose 2m mark on the ground 
is determined by a vertical pole CB. Lower 
the rope AC on the ground and hold it tight 
at both ends. The rope AC of 2m long when 
placed on the steep ground does not cover 
the full length of AB but ends somewhere at 

D.

Measure length DB and add this to the spacing 
being used in order to get the distance AB on the 
steep ground. If DB is 30cm or 0.3m, it means 
all the trees on this particular slope should be 
spaced at 2.3m (2 + 0.3 = 2.3m). In this case, the 
0.3m	is	our	slope	correction	factor.	You	can	then	
mark your rope at 2.3m spacing.

Diagram (c): Lining out on a slope requires you to 
keep the cross line raised up at the same height as 

the upper end (A). A pole then can be used to locate 
the point (B) where the pit should be dug.

Diagram (Y3): Locating a sub-baseline (EBF) with a 
crosshead.

During marking operation, group organisation can 
improve on productivity.
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7.4 Pre-plant weed spray

The objectives of pre-plant weed control 
operation is to eradicate weeds for a long time so 
that trees establish in a totally competition free 
environment. Chemical weed control optimises 
potential yields from a site.  A pre-plant spray 
is a must to give the trees an effective window 
for early and sustained growth.  The window 
can vary from 1 to 5 months depending on the 
time of the year and the fertility and rainfall of the 
sites.  Pre-plant spray operation with glyphosate 
is critical to the success of later weed control 
operations.  A follow up pre-plant spray may be 
necessary depending on gaps left unsprayed in 
the first operation and weed growth. Chemical 
application must be done by a properly trained, 
well supervised team with the appropriate 
protective clothing. The planting operation can 
start immediately following this application.

8.0 SEEDLING HANDLING AND 
TRANSPORTATION

8.1 Ways in which seedling quality can 
be affected

Seedling quality is usually affected as a result of 
several handlings that occur: when seedlings are 
picked from the nursery, while loading them onto 
the vehicles, while on transit, and during off-
loading. Generally, seedlings quality is affected 
in two major ways:
 Soil loss, exposing the roots leading to 

drying up.
 Physical damage such as breaking of roots, 

leaves and stems.

8.2 How to minimize loss of seedling 
quality

 Seedlings should be well packed into seedling 
crates or in an upright position on the car- not 
horizontally.

 Water the seedlings before transporting to 
avoid excessive moisture loss

 Transport seedlings in the mornings and 
evenings to avoid hot day sun and strong 
winds.

 Off load seedlings at the planting site carefully, 
avoiding lifting by their shoot. 

 Water the seedlings and temporarily keep 
them in a holding nursery. 

 Once the seedlings have recovered from 
stress (shoots upright) plant immediately.

9.0 PLANTING
Planting must be done soon after pitting 
operation has been completed otherwise the soil 
settles and re-pitting has to be carried out once 
again. Planting must start early in the rain season 
and stop soon after the pick of the rain season.  
Planting must start when a site has received 
more than 100 ml and when soil has adequate 
moisture.  Use of super-absorbents allows 
tree growers to plant when rainfall distribution 
is uneven i.e. having dry spells within the rain 
season. Super-absorbents must be thoroughly 
mixed with water 15 to 20 minutes before use 
and in the cold season, the waiting period may 
be longer. The effect of unpredicted rains can 
also be reduced by planting after socking the 
pits with water ( ½ a litre - 1 litre) of water per pit 
which is termed as water planting.  

Bundling seedlings on trucks is not a good practice, it 
can result in loss of seedling quality.

Seedling crates ensures safety during 
transportation of young tender seedlings.
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How is planting done?

During the planting process, attention should 
be given to planting hole preparation, planting 
depth, orientation of root plug and stem and 
location from the base.  Top soil with humus 
must be returned in the planting pit first, and 
then the sub soil on last.  Before putting the soil 
back in the pit, ensure that the root ball is lifted 
1 cm from the base and upright to prevent root 
distortion.  The soil which is returned in the pit 
must be  a fine tilth; free of stones, roots and 
clods.  Soil around the plant must be lightly 
compacted to remove air pockets by using the 
planting trowel and not trampled by boots.  The 
root collar must be 2 to 3 cm below soil surface.  
For eucalyptus clones, the seedlings should be 
buried as deep as four fingers above the root 
plug to cover the kink on the stem .Planting must 
be conducted on target and not task bases.  
Plant only one seedling stock or clone number 
per compartment. 

How to look after seedlings in a 
holding nursery

Seedlings taken from the nursery must be 
planted in the shortest possible time.  Use of 
holding nurseries in the field must be restricted 
to the absolute minimum and plants may not be 
kept in such nurseries for more than one month.  
Holding nurseries should have the following 
characteristics:

o Well-drained.
o A nylon shade net structure with
 above ground tray support.
o An adequate irrigation system.
o The area must be kept free of weeds.

9.1 Beating up/blanking

This is the process of replacing trees that have 
died or are not growing properly. A high survival 
percentage optimises site potential and yield.  

Well elevated holding nursery.

A seedling is carefully covered with soil and firmed on 
all sides to remove air pockets.

A seedling (15-25 cm tall) is carefully put into the 
pit deep enough to be covered above root coller as 

shown in the diagram above

Eucalyptus clones should be planted as deep as 4 
fingers above the root plug to bury the kink on the 

stem into the ground.
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It also enhances early site capture and thus 
reduces weeding costs. Conduct a survival 
(blanking) assessment 3 weeks (for fast growers 
like Eucalyptus species) and 4 weeks after 
planting for slow growing species.  To determine 
the survival percentage, one should inspect the 
plantation and make some counts as follows:-
 Randomly walk along every 3rd row and 

count the 1st 10 planting pits you come 
across.

 Record the number of both the dead and 
surviving plants on these 10 planting pits.

 Repeat the same procedure on the next 
3rd row for at least 5 rows to cover a total 
of 50 planting pits (5 x 10).

 Add up the total number of seedlings that 
survived in the 50 planting pits and divide 
by the total planting pits surveyed (i.e. 50).

 Multiply this by 100 to get the survival 
percentage as follows:-

Survival Percentage/ Stocking =   (No. of 
surviving seedlings X 100) ÷ 50

A mortality rate < 15 % in compartments planted 
at 2 m x 2 m or less, should not warrant a blanking 
operation.   If the mortality rate is between 15 % 
and 40 %, the compartment should be blanked.  
In cases where mortality rate is >40 % then a 
replanting operation is recommended and the 
planting date must be altered to the date of 
blanking.  For plant failure > 40 % the cost of 
blanking is not significantly different from cost 
of planting. Undertake blanking within 4 and 6 
weeks after planting. High blanking percentages 
result from poor pitting, planting and weed 
control within the 50 cm radius circle from the 
plant.  

Seedlings or clones used to blank must be the 
same species and stock or clone number as the 
original crop.  They must be approximately the 
same size as the original crop already growing 
in the field. Where a blanking percentage was 
higher than 20 %, a second blanking should be 
considered within the following two weeks. A 
compartment must have at least 85 % stocking 
6 to 8 weeks after planting 

10.0 MAINTENANCE OF 
PLANTATIONS 
The Maintenance operations for bioenergy 
plantations include: Weeding, access pruning, 
forest fire and animal protection and pest and 

disease management.

10.1 Weeding

Weeding is a regular activity carried out to 
reduce competition from weeds. While some 
tree species can tolerate some little competition, 
others (especially Eucalypts) are non- tolerant to 
weeds. Post-plant weed control is important for 
the following reasons:

a) Reduces plant mortality, 
b) Encourages quick site capture (canopy 

closure), 
c) Reduces fire hazard, 
d) Improves access into the plantation for 

inventory and silviculture operations, 
e) Improves yield and improves compartment 

uniformity.  

Table 6: Post-plant weeding regime
 
Weeding method Year 0 Year 1 Year 2 Year 3
Ring hoeing - 2 2 -
Slashing 1 1 1 1
Full cover spray - 4 4 -
Spot spray - 2 2 2

Note: Regimes and types of weeding vary 
according to site specific conditions. 

Methods of weeding

Ring/Spot hoeing: Weeds are removed within a 
radius of 0.5m from the trees as indicated in the 
figure below. All weeds within 10cm radius must 
be removed by hand to avoid destroying roots 
of trees. Weeds within the 40cm region can be 
removed using a hoe.
 

Clean hoeing: This involves removing all the 
weeds between the inter-rows. Clean weeding is 
recommended for species which do not tolerate 
weeds, such as Eucalypts. Weeds within 10cm 

Weeding zones around a tree
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radius from the tree MUST be uprooted by 
hand. Clean hoeing is unsuitable for areas prone 
to soil erosion (hilly areas). On steep slopes, a 
combination of slashing with either spot or line 
weeding across the slope is recommended.

Line weeding: A 1m wide strip along each 
planting line (0.5m from either side of each tree) 
is cleared of weeds.

Slashing: Slash weeding can be done in 
combination with spot weeding. 

Chemical application: This is the most cost-
effective method of weed control, however, it 
requires trained workers for effectiveness. When 
applying the chemical, the trees have to be 
protected because the herbicide (Glyphosate) is 
non- selective (i.e. kills all living plants.)
Note: In a weeding cycle, a combination of 
methods can be used.

Key points to note on chemical weeding:
 Read the herbicide label well 
 Identify the target weeds
 Time the operation to avoid strong winds/

rainfall
 Use clean water to mix the chemical
 Dispose of herbicide containers safely after 

use.
 Involve a trained team, equipped with PPE

Table 7: Pre-plant, Post-plant and Post 
Canopy Closure weeding regime

Year 50 cm 
radius 

ring

Inter-row

Year 0 100 % 
clean

100 % clean or slash all weeds to 
10 cm maximum height

Year 1 100 % 
clean

100 % clean or slash all weeds to 
10 cm maximum height

Year 2 100 % 
clean

100 % clean or slash all weeds to 
10 cm maximum height

Year 3 - 100 % clean or slash all weeds to 
10 cm maximum height

>3 years to 
harvesting

- Slash, treat and remove all 
noxious weeds, slash other weeds 
to 50 cm maximum height. 

Note: Eucalypts must be 100% weed free until 
the canopy closes (one – two) years and should 
therefore be weeded by clean hoeing or herbicide 
spray. 

Eliminating weeds in eucalypts is very important 
during the 1st year of establishment.

Participants at the weed control course conducting a 
line weeding operation.

A well slashed 3 year old G. arborea crop in Dokolo 
District.

An organised team in a pre-plant spraying operation.
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Eucalypt is self pruning but not all the branches will 
drop off necessitating use of pruning saws or large 

wooden stick to knock off the branches.

In older trees there is need to shield the trees as 
Glyphosate is a non-selective herbicide.

10.2 Access pruning

Pruning is the successive removal of the lower 
branches from trees. It is normally done in 3 
stage lifts for trees grown for timber of large 

poles. In case of fuel wood, only one stage/lift 
is recommended. The main purpose for first 
(access) pruning is to improve accessibility to 
ease implementation of tending/maintenance 
operations. Pruning MUST be done at the 
right stage i.e. when the lower branches start 
yellowing and drying out. Pruning young trees 
will reduce the growth rate.

Table 8: Pruning regime for major 
bioenergy species

Pruning 
Type 

Species Age of 
trees

Pruned 
height 

Purpose

1st  Eucalyptus spp 1-2 

2m
Create 
access 

Grevelia robusta 2-3
Gmalina 
arborea

2-3

Acacia spp 1-2 
Markhaemia 

lutea
2-3

The lower branches of Eucalyptus trees usually 
die off slowly due to physical and environmental 
conditions/stress when sun light is cut off by 
upper branches. To enable access into the 
compartment and reduce fire hazard, the dead 
branches may be knocked off the tree stems 
using a large wooden stick. This process is 
referred to as brushing.

Important points on pruning
o A pruning saw is the right tool for this 

operation. Other tools like panga and axe are 
not recommended because they do not make 
clean cuts.

Never spray older weeds; Glyphosate is a systemic 
herbicide and its quickly absorbed by young tender 

weeds making it cost effective.

Eucalypts do not tolerate competition. Timely 
weeding should be prioritised till site capture.
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o A clean cut must be made as close to the 
stem as possible.

o  All pruned branches must be piled between 
tree lines and must be 5m off any firebreak.

10.3 Coppicing

Coppices can survive better than seedlings 
and clones on sites with high level of disease 
and pest infestation since they already have an 
established root system for water and nutrient 
uptake and thus can grow vigorously from the 
beginning. The decision to target products from 
previously harvested plantation depends on 
the ability of the species or clone to re-grow 
and number of previous coppice crops already 
managed.  

Coppice reduction should be performed in two 
operations.  First coppice reduction is from many 
shoots to mainly 2 and at times three 
dominant shoots per stump.  Three 
shoots are left if all shoots happen to be 
small or not well attached on the stump. 
Generally, the first coppice reduction 
must be carried out when the shoots 
are approximately 4m high.  If coppice 
reduction is conducted early i.e. 
when shoots are approximately 2 m, 
more secondary coppice regrowth 
is produced which have potential to 
compete with the desired shoots.   Early 
coppice reduction makes it difficult to 
select the dominant shoots that must 
remain. 
The remaining stems should firmly 
attached and located closest to the 
ground.  The remaining shoots should 
be similar in size (well matched) with 
a difference in diameter less than 1 

cm.  Damaging the remaining coppice stems 
during reduction operations retards growth and 
weakens attachment to stump.  Recommended 
products from 1st coppice reduction are fencing 
droppers and firewood.  

Second coppice reduction is to 1 or 2 stems.  
In most cases, second coppice reduction is 
undertaken when the shoots are approximately 
8 m high.  The remaining stem should preferably 
be on the windward side of the stump.   A 
mortality assessment must be carried out before 
the second coppice reduction to determine the 
stumps that are to be left with 2 stems.  Two 
stems are left to compensate for an adjacent 
stump which is either dying or dead.  Where 2 
stems are left to ensure adequate stocking, select 
only larger diameter stumps for that purpose.  

Within the compartment, the number of shoots 
should not exceed the original stocking (planting 
density) but edge stumps can be left with 2 
shoots to give an economic advantage.  Edge 
stumps can support 2 shoots since they have 
enough space, sunlight and nutrients.  Potential 
forest products from 2nd coppice reduction are 
light poles, fencing and droppers. 

10.4 Protection against forest fires

Fire is one of the worst enemies of your trees 
and you could loose all of your investment in a 
matter of minutes if your plantation caught fire. 
To minimize fire risk the following interventions 
should be considered:-

Some Fire fighting tools

A vigorously growing coppice crop.
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Firebreaks should be kept free of vegetation at all 
times. In addition to stopping fires, firebreaks act as 

forest roads

Fire fighting operation.

Firebreaks:
Internal and external firebreaks are required 
depending on the size of the plantation. For 
small areas (1-5 acres,) an external belt which is 
5m wide should suffice. Big blocks of land will 
require partitioning to smaller compartments of 
25 ha, each bordered by an internal firebreak of 
5m. External firebreaks should be wide enough 
to stop a normal fire. The width depends on the 
risk but a minimum of 10m clear of vegetation is 
a good guide. 

Woodlots bordered by gardens of food crops, 
should be closely monitored in the dry season, 
ensuring that, the dry remains after harvest is 
moved at least 5m away from the trees. 

Firebreaks should be prepared in advance of the 
fire season by removing all the dry combustible 

plant material. Manual clearing is expensive and 
not recommended on steep slopes as it will lead 
to erosion. Controlled burning is the most cost 
effective method of preparing firebreaks. It is 
best carried out when the surrounding vegetation 
is still green and thus not highly flammable. A 
1m strip, called a fire trace is created on either 

side of the proposed firebreak by spraying with 
glyphosate when the surrounding vegetation is 
still green. As soon as the strips have dried, they 
can then be safely burnt off, allowing the middle 
part of the firebreak to be safely burnt when dry. 

Timely weeding: Ensure that the plantation is 
weeded well during the rainy season to avoid 
accumulation of too much fuel, which is a fire 
risk. 

Good relationships: Maintaining a good 
relationship with your neighbours will limit 
malicious fires. In addition, the neighboring 
community can be of help in the event of a fire.

Forest fire fighting tools: Appropriate tools for 
fire fighting should be planned for and procured. 
During a fire fighting operation, lack of appropriate 
tools may lead to worst case scenarios i.e. losing 
the entire forest.

Supervising burning of crop gardens: any burning 
close by should be done during cool non windy 
conditions and should be closely monitored to 
avoid fires crossing into the plantation.

10.5 Protection against animals

Growers must protect the trees from browsing 
cattle, goats and other wild animals like 
antelopes, monkeys and bushbucks. These 
prefer shoots of young seedlings. They can also 
damage seedlings by stepping on them. Wild 
animals need to be constantly scared away by 
clearing any hiding places. 
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Galls forming on Eucalyptus as a result of infestation 
by Blue Gum chalcid.

10.6 Protection against pests and 
diseases

Table 9: Common diseases affecting the 
bioenergy species in Uganda

No Disease Common 
Host 

Symptoms Management 

1 Mycosphaerella 
leaf Spot

Eucalyptus 
clones

Straw – 
coloured 
necrotic 
leaves

2 Botryosphaeria 
and 
Coniothrium 
spp. Canker 

E. grandis Dark spots 
on the bark 
of young 
trees, 
Cracking 
outer bark 
and cankers 
with kino

Proper site 
species 
matching 
and timely 
weeding.

3 Bacteria Blight 
and die bank

Eucalyptus 
spp. + 
hybrid 
clones

Yellow 
pustules on 
branches 
and terminal 
shoots

Table 10: Common insect pests that infest 
the bioenergy species in Uganda

No Pest Common 
Host 

Symptoms Management 

1 Termites Eucalypts,
Grevillea 
robusta, 
Markhamia 
lutea

Girdling of stem 
at the base

Destroy 
anthills and 
/or apply 
termicides 

2 Blue 
Gum 
chalcid 
(Leptocybe 
invasa) 

Eucalyptus  
spp. + hybrid 
clones

Galls on foliage Correct 
site species 
matching. 
Limit stress by 
weeding

3 Bronze 
bug 

Most 
Eucalypts

Discolourisation, 
drying of foliage 

Periodic inspections to note any signs of 
diseases e.g. drying up and changes in colour is 
very necessary. Report any strange occurrence 
of a disease or pest on your plantation to an 
appropriate authority. This could be the District 
Forest Officers, National Forest Authority, SPGS 
and National Forestry Resources Research 
Institute. 

Termites as tree pest   
Termites have been identified as one of the most 
damaging pest to plantation trees in Eastern 
and Central Africa. Exotic tree specie such as 
Eucalyptus, Acacia, Grevillea, are especially 
susceptible to termite damage. Termites can 
result in losses of up to 100%; some termites’ 
species are able to kill apparently healthy trees or 
may cause damage to the bole by consuming the 
heartwood and hollowing the trunk thus reducing 
the value of the trees as a source of timber. 
There are over 2,600 termites’ species known 
worldwide of which only about fifty species are 
serious pests to trees and crops.

Stem Canker in eucalypts showing kino oozing 
out. This is a common sign in stressed eucalyptus 

plantations.
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The termites’ colonies are composed of three 
castes: workers, soldiers and reproductive 
adults. The workers are the castes which cause 
damage to trees. The extent to which termites 
are a problem to trees and the nature of loss they 
cause are very much related to the geographic 
region concerned. In general, damage by the 
termites is greater in rain-fed than irrigated 
plants, during dry periods or droughts than 
periods of regular rainfall, in low lands than 
highland areas, on seedlings than mature trees, 
on exotic plants than indigenous ones, and in 
plants   under stress (for example caused by lack 

Table 11: Farmers identification of termite types and ranking of their pest status 

Termite species Main identification characteristics Mode of attack/Extent of damage 
caused

Tree pest 
rank

Macrotermes 
subhyalinus 
(local names 
‘Rambur’ ‘Agoro’)

	Build big mounds without vents. 
	Alates (winged reproductives) are dark brown and are the 

largest of all types of Alate.  
	Alates swarm in April, (between 8pm – 3pm.)
	Soldiers and workers have no distinctive odour.  
	Two types of soldier and one type of worker. 
	Has largest of all the soldiers with red head & medium-

size soldiers with red head 
	Females are small with dark brown heads.

-They attack plants at the base of 
the stem, ring –barking or cutting 
through completely. 

-The ring barking can extend up 
the stem severely weakening the 
tree.

High

Macrotermes 
bellicosus (‘Ripo’, 
Smeathman’)

	Builds big mounds with large vents round the base of the 
mound. 

	Alates medium-sized and dark-brown. The Alates are 
generally sour

	Alates swarm from February to March between 5am and 
7 am, following the onset of the first rainy season.  

	Two types of soldiers as for Agoro, but generally smaller 
than the latter. 

	Workers medium sized with dark brown heads. 
	Soldiers are very aggressive and their bites very painful.  
	The soldiers produce characteristically ‘sharp’ smell when 

rubbed between thumb and first finger, and are bitter.  

Very high

Odontotermes 
kibarensis 
(‘Magrere’, Fuller)

	Doesn’t build mound, but usually makes holes (vents) 
around tree base.  

	Two types of Alates:  brown type for those found upland 
and a dark type for those located in lowlands (valleys).  

	Alates swarm in April around 8 pm.  
	Soldiers are of two types:  medium sized ones with red 

heads and small ones with brown heads.  
	Soldiers produce a smell similar to Ripo and are bitter.

-Damage is due to feeding either 
under soil sheeting, on the outer 
surface of the plants or on the 
roots. 

Moderate

Odontotermes sp.1 
(‘Ogwee’)

	Builds nests with only ventilation shafts protruding above 
ground level.  

	Alates medium-sized and dark brown.  
	Alates swarm from March to June at any time of the day 

(but not in hot sunshine) 
	Alates and soldiers are generally dark-brown and are 

sweet.
	Soldiers have red heads.  
	Workers are small with dark brown heads

High on 
seedlings; 
low on 
mature 
trees

Odontotermes sp
‘Singiri’

	Doesn’t build mound.  
	Alates swarm from bare ground (e.g. along road/path 

sides) in September usually around midday, especially 
during bright sunshine. 

	Alates easy to lure out when some noise is made around 
the exit points.  

	White soldiers and workers are all dark. 
	Doesn’t produce any distinct odour.

High on 
seedlings; 
low on 
mature 
trees

of moisture, diseases, poor weeding, poor soils 
or physical damage) rather than healthy and 
vigorous plants.  

For effective management of termites, it is 
important to characterize termite problems 
before any control decision is taken. This is a 
multi stage process that starts with:
i. Identification of the termites’ species involved, 
ii. An understanding of the basic biology and 

ecology of the termites species and 
iii. Evaluation of the type and magnitude of the 

economic damage caused by the termite.
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Pseudacanthotermes 
militaris (Hagen, 
‘Sisi’)

	Doesn’t build mound.  
	Alates medium-sized and dark. Alates swarm from 1 - 3 

pm between September and December, depending on 
availability of rainfall.  

	Two types of soldiers:  medium-sized with red heads and 
small dark ones. 

	Workers dark with swollen abdomen.

-Seedlings are either cut just 
below or above the soil surface. 

-Usually the seedlings are 
completely severed resulting in 
lowered populations.

High on 
seedlings; 
but low 
on mature 
trees

Pseudacanthotermes 
species(‘Wambwe’)

	Doesn’t build mould. 
	Alates medium sized and brown.  Alates swarm 

throughout rainy seasons, usually between 5 pm and 6 
pm whenever it rains.  

	Two types of soldiers as for ‘Sisi’. 
	Soldiers, workers and Alates are sweet.

High on 
seedlings; 
low on 
mature 
trees

Source: Nyeko, P. and Olubayo, F.M, 2005

Control of termites in plantations has largely 
been through:
 Good silviculture
 Use of insecticides and 
 Traditional methods.

Growers ought to know that insecticides are 
highly poisonous and thus SPGS is not generally 
recommending their use and application must 
be handled by trained personnel. Overall, good 
silviculture is the best management approach as 
it does not involve any physical destruction or 
introduction of chemicals into the environment; 
Sites infested by termites, should be planted to 
only termite resistant species. 

The Table 12 below presents a summary of 
traditional and chemical methods of termite 
control.

Table 12: Termite control methods attempted by farmers in tororo district - ugnada

No. Method Application Termite spp effectiveness
1 Trenching Dig trenches to direct running water into the termite 

mound through vents (Ripo) or holes dug on the side 
of the mound (Agoro)

Ripo and 
Agoro

Highly effective against Ripo 
during periods of heavy 
rainfall but not effective on 
Agoro. Sometimes the termites 
migrate and make new nests.

2 Queen removal Dig out the queen using a hoe Ripo and 
Agoro

Effective but some mounds are 
recolonized especially Agoro

3 Chemicals: 
Ambush, Fen 
kill, Thiodan, 
Dimethoate, Robo 
and Diazole

Make a hole on top of the mound , mix chemical with 
water and pour into the hole

Ripo, Agoro 
and Miyal

Highly effective

4 Red pepper 
(Kamulari)

Pound 1 mug (= 0.5 litre) of pepper + 1 mug of water 
and leave to ferment for 2-3 weeks. Pour the mixture 
through a hole made on top of the mound and seal the 
hole.

Or crush ripe red pepper fruits and mix with water in 
the ratio of 1 mug pepper: 10 litres water. Dig hole on 
top of the mound and pour the mixture through the 
hole. No need to seal up the hole.

Ripo and 
Agoro

Ripo

Highly effective

Highly effective

5 Dregs of local brew 
(jarara or Kangara)

Dig a hole on top of the mound and pour 20 litres (I 
jerrycan) of hot dregs of local brew into the mound 
and seal.

Ripo and 
Agoro

Highly effective

6 Dry cell Pound 10 used dry cells (flashlight batteries), mix with 
10 liters of water and pour into the mound through a 
hole made on top

Ripo and 
Agoro

Highly effective

Participants at a pest and disease identification and 
management training examine a termite mound
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7 Fire Dig hole on top of the mound, insert wood and grass 
and set fire to it, then seal to confine the smoke and 
heat. Or fill the hole with cow dung, set it on fire and 
leave it to burn slowly.

Ripo and 
Agoro

Highly effective against Ripo 
but fairly ineffective against 
Agoro

8 Rodenticide (rat 
poison)

Make a hole on top of the mound using a metal rod, 
drop in two tablets of chemicals, then seal the hole to 
confine the smell in the mound. Or put rodenticide 
in hot water and pour the mixture into the mound 
through a hole made on the top, then seal the hole. 
The mound starts stinking of rotten termites after a 
few days

Agoro Highly effective

9 Paraffin Dig a hole on top of the mound, pour in 150 ml of 
paraffin and seal the hole.

Ripo, Agoro, 
and Magere

Highly effective against Ripo 
and Agoro but only moderately 
effective against Magere

10 Dracaena sp.(penyi) Cut Drasina species and insert stem in maturing maize 
field to repel termites

All damaging 
termites

Highly effective

11 Wood ash Dig hole ontop of mound and pour 5 mugs (1 mug= 
0.5 litres) of hot ash and seal.

Or pour ash around the base of the seedlings and cover 
with soil (tried on Grevellia robusta )

Agoro and 
Ripo

Ripo

Highly effective

ineffective
12 Trenching around 

mound
Dig trench about 2ft deep around the mound Agoro and 

Ripo
Highly effective

13 Wood ash + Red 
pepper + paraffin + 
Aloe species (okak)

Mix I basin of ash + 1 Aloe leaf + 0.5 mug of red 
pepper and 0.25 litre of paraffin and pour into the 
mound.

Agoro Highly effective

14 Ash + red pepper Make a trench around transplanted trees (tried on 
Grevellia robusta) seedlings. Trench should be about 
a foot deep and a foot away from the seedlings. Mix 
crushed red pepper with ash and place in the trench at 
inervals of about six months

All damaging 
termites

Highly effective

15 Tithonia and red 
pepper

Mix leaves of tithonia and red pepper in water and 
ferment for 2-3 days, pour into the mound through a 
hole made ontop, and seal the hole.

Agoro Moderately effective. Some 
colonies regenerate.

16 Mudfish intestine Dig a hole on top of mound, insert mudfish intestine 
and seal the hole

Ripo Highly effective

17 Snake Insert dead snake into the mound through a vent and 
seal the vent

Ripo Highly effective

18 Bidens pilosa (sere) Collect seeds of black jack and put around the base of 
maize plants

Wambwe Highly effective

19 Hot water and 
paraffin

Boil 5 litres of water, mix with 300ml paraffin, then pour 
through a hole made on top of the mound and seal

Ripo and 
Agoro

Hghly effective

20 Cow dung Dig a hole on top of the mound, put 1 basin of cow 
dung and pour 20 litres of boiling water through the 
same hole

Ripo and 
Agoro

Highly effective

21 Human Urine Collect a basin of human urine and pour into the 
mound through a hole made at the top, then seal

Or ferment the urine for 2 weeks and spot apply 
around the seedlings. One farmer tried this method 
on Eucalypts, applying it more than once, but not at 
regular intervals and not using a standard dose.

Ripo, Agoro, 
Wambwe & 
Singiri

All damaging 
termies

Highly effective against Agoro 
but not effective againsts Ripo, 
Wambwe and Singiri

effective

22 Opium (Musala 
or bangi) and or 
tobacco

Time: season when alates emerge. Blow smoke of 
opium and or tobacco into the moundthrough the 
alates exit holes. A lot of alates come out and the 
remaining castes (queen, workers, soldiers) all die

All alates 
producing 
termites

Highly effective

23 Used engine oil Dig a hole on top of the mound and pour 0.5 litre of oil 
into the mound. Do not seal the hole

Ripo Not effective

24 Bedbug poision 
(name unknown)

Mix bedbug poision with one basin of water (about 10 
litres) and pour into the mound through a hole made 
on the top

Ripo Highly effective

25 Sealing vents Seal all vents on the mound using banana stem Ripo Low effectiveness because the 
termites start eating crops or 
trees when the banana stems in 
the vents are rotten.

Source: Nyeko, P. and Olubayo, F.M, 2005
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The common symptoms and signs of termite 
infestation in the forest include 
 Swarming in the forest area
 Wilting of trees
 Felled trees
 Presence of earth tubes between soil and the 

trees or on the trunks.
Note: some termites’ infestation may be confined 
to the dead tissues of the trunks and branches 
and may thus not warrant control interventions.

11. Harvesting 

Below are key things to note: 
o The harvesting age (rotation age) will vary 

depending on the species and site condition.
o Harvesting should be done using saws and 

not axes and pangas which damage the tree 
stump and affect its ability to coppice.

o The stump should be cut in a slanting way 
to ensure that water does not accumulate on 
the stump to cause rotting.

o Harvesting should be done during the rainy 
season to minimize fire risk

o The stumps should not be less than10cm 
height. 

o Care should be taken not to damage the bark 
of the stump because that is where coppices 
grow from.

o The stump should not be left covered with 
slash as this will obstruct new coppice 
shoots.

Tree growers share experiences on harvesting 
operation at a growers field meeting.

Table 13: Harvesting age for the various 
species being promoted for fuelwood and 
charcoal
Species Harvesting age 

(*projected) in 
years 

Productivity 
(m3/ha)

Calorific 
value 

Eucalyptus 
hybrids

4 25-45
16700-17700 

Eucalyptus 
grandis

4 25-45

Eucalyptus 
camadulensis

7 20-35 4,800

Grevelia 
robusta

10-20 5-15

Gmalina 
arborea

5-10 20-35 4,800

Markhaemia 
lutea

8-10

12. Plantation records:

There are some records that are particularly 
important to a tree grower for accountability and 
for future reference. Such records include:-

1) Nursery records
Information on tree species, seed origin, date 
sawn, amount sawn, germination percentage.

2) Plantation compartments records like;
•	 Compartment	identity	(Name	or	No.	etc)
•	 Compartment	size
•	 Planting	 details	 (tree	 species,	 date	

planted, spacing, survival)
•	 Weeding	operations	
•	 Pruning	plan
•	 Harvesting	plan

3) Pests, disease and fire breaks
4) Tools and equipment record
5) Expenditure and revenue
6) Maps(s) of the area

Note: Further details and templates for each 
record can be obtained from the Tree planting 
Guidelines for Uganda.
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ANNEX 1:
Eucalyptus Woodfuel Working Cycle Indicative Costs

Years 0 1 2 3 4 5 Cost

SITe PRePARATIOn UGX/ha

Land Clearing 270,000 1 270,000

Land preparation (Slash and burn) 100,000 1 100,000

Pre-plant spray 130,000 1 130,000

Marking & Pitting 130,000 1 130,000

Pre-plant termite control 400,000 1 400,000

PLAnTInG UGX/ha 1,030,000

Planting (including seedlings) 650,000 1 650,000

Survival Count 6,000 1 6,000

Blanking 130,000 1 130,000

SILvICULTURe UGX/ha 786,000

Post Planting Ring Hoeing 70,000.00 3 210,000

Post Planting Slashing 90,000 1 1 180,000

Post Planting Chemical Weeding 125,000 3 2 625,000

Post Planting Termite Control 400,000 1 400,000

Tending slashing 70,000 1 70,000

Tending Chemical Weeding 100,000 1 100,000

1st Pruning ( if necessary) 100,000 1 100,000

PROTeCTIOn  UGX/ha 1,685,000

Fire Protection 30,000 1 1 1 1 1 240,000

ROAD WORkS  UGX/ha 240,000

Road construction 60,000 1 60,000

Road maintenance 10,000 1 1 1 60,000

HARveSTInG  UGX/ha 120,000

 Clear fell 367,000 367,000

OveRHeAD COST UGX/ha 367,000

Land lease 25,000.00 1 1 1 1 1 1 225,000

Surveying 90,000.00 1 90,000

Technical Management 10,000.00 1 1 1 1 1 80,000

Administration 5,000.00 1 1 1 1 1 40,000

Total UGX/ha 435,000

4,663,000

ASSUMPTIONS
All cost are current (UGX) (November 2014)
All costs  based on standard Manday Rate
Based on SPGS silvicultural standards for Transmission poles
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