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Introduction

The research Agenda provides an overview about the most promising research areas where
the Benwood project partners identified further research needs. All available contributions
of the project partners have been condensed and focused in this paper. The output differentiates for each chapter between introductory 1) background information leading towards
2) prioritised research areas or research questions and related 3) references regarding the
mentioned research field. Similar research questions from different project partners have
been condensed and labelled in brackets with country names of research origin e.g. like
(Austria, Brazil, Germany etc.). Thus, these country names represent the contribution of
the associated research partner. Due to the fact that the project is an international one,
listed research questions will not be equally important for all different countries.
Results of basic literature research and additional information sources provided by the
project partners as well as research questions discussed at the Benwood final conference
2011 in Barolo/Italy were added where appropriate (e.g. regarding Clean Development
Mechanism (CDM) and climate change). The research agenda was divided into the 16
different Benwood project topics, adding an introduction as well as research questions
regarding CDM and climate Change adaption.
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On the average nine research questions or research emphases per topic have been identified
for further project development. Depending on the topic and contribution of the project
partners the research questions are sometimes very much focused/specific (e.g. see “transport and storage” focussing on energy efficiency and supply chain). However, it becomes
obvious that especially within the large and ecological high diverse countries (China, India) questions about “Interactions with other ecosystems” were discussed within a broad
variety of foci, senses and areas (e.g. regarding soil, plants, animals, carbon storage, nutrient turnover. . . ). This indicates that these research questions need to be adapted for
local framework conditions to be a valuable resource for further research.

2

CDM and Climate Change adaption

Agroforestry and Short Rotation Forestry (SRF) systems are seen as suitable measure for
fighting Climate Change and especial agroforestry in the developing countries does have a
particular impact regarding food security, firewood and energy supply as well as proficient
tool for regeneration of degraded land areas. Agroforestry bears its potentials because of
its flexible applicability, multi functionality within diverse ecosystem services and functions and because of its adaptability for producing woody material or other well needed
products. However, in terms of CDM and Climate Change adaption still many functions
have to be researched on. Research has to be carried out on both sides: how agroforestry
or SRF reacts on Climate Change and from the other side how these techniques may
contribute towards Climate Change Adaption. Both sides have to be taken into account.
This brochure gives a close view over the current research questions in this field discussed
from the SRF and Agroforestry point of view. Beside the CDM Specific Report it reflects
the main research fields of the Benwood project, where for future ongoing research the
following prioritised research areas have been identified:
Prioritised research areas
1. Identification of barriers of SRF adoption, economic values of ecosystem services, within
CDM
2. Developing institutional arrangements in collaborative research including the exchange
of results on proven technologies and human resources development
3. Research to support, design and implement post Kyoto options of REDD+, REALU,
etc. effectively
4. Global/national trade models for carbon/timber/fuel market intelligence
5. Creation of an inventory for existing carbon stocks and future practical projections
6. Evaluation of benefits of energy efficiency and bio-energy GHG mitigation
7. Developing national/international centres of excellence with proven state of the art
technologies with practical application on SRF production, carbon sequestration, and
bio-energy
BenwoodResearchAgenda V 1.1

8. Estimation of carbon stock for different SRF species
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References These research questions are provided by Benwood project partners throughout all research areas and got discussed during the Benwood conference 2011 in Barolo/Italy.
Please refer to D 2.1, Report ’CDM Country Specifics’ on details. However, what regards
research needs on the CDM project cycles as such please see the transcription of an according presentation held in June 2011 by the according United Nations Framework Convention
on Climate Change (UNFCCC) team lead for afforestation and reforestation (A/R), Dr.
Galinski in sec. 19, p. 43ff.
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Choosing the site

While choosing the site it is very important to consider the following factors (T. H. and
M. H. 1988; Nair 1985; Paris et al. 2006; Defra and England 2009; Deim, Groiss, and
Liebhard 2010; Nair 2011):
1. Land lease, land costs, land value, subsidies (Kenya, Italy, Germany, UK Kilpatrick
2008), land tenures and tree ownership (Kenya) – who will benefit from the tree (Unruh
2008)?
2. Assessed impact on the scenic value of the landscape and wildlife (Bell and McIntosh
2001, Hardcastle 2006)
3. Climate conditions (Germany, Austria, UK, resilience and adaptiveness: Kenya, (UNFCCC/CCNUCC 2008))
4. Competition with other crops and surrounding vegetation (Austria)
5. Legal aspects: clarification of political interests and law enforcement e.g. nature protection, neighbourhood and water rights (Austria, UK, Germany (Marx 2010), community
support (Kenya) or CDM (Germany))
6. Soil quality, ground water depth/ distance to water sources and drains (Hall 2003; Hardcastle 2006) and machinability (Italy, Austria, Croatia, UK, Kenya). Land suitability
(Kenya) by FAO 1976
7. Possible contaminated soils unsuited for food production, former mining areas and
sewage draining areas offer special possibilities to establish SRC (Vattenfall, Landgraf
2009 (Germany)).
8. Accessibility to markets in the area or options for self use (Italy, Austria, UK, Germany)
9. Field size, shape and exposition for machineries (Austria, Germany (LTZ/FVA 2008))
or ecological site specific conditions (frost, wind, erosion, flooding, dryness) (Italy)

BenwoodResearchAgenda V 1.1

10. Personal and economical production aim alternates towards Agroforestry (Austria,
Kenya), output target in combination with available machineries, crop system and
specified land-use change (Vetter 2012, Germany)
11. Species adaptation towards specific sites (Austria, Croatia) and climatic zones (Kenya).
Optimising production also on atypical habitats for the purpose of easier reforestation
of e.g. pedunculate oak (Quercus robur) and narrow-leaved ash (Fraxinus angustifolia)
(Croatia).
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Examples as follows: In Italy and its corresponding climate there are about 7.000 ha of
short rotation forests mainly located in the North. The most used species are Poplar,
Eucalyptus and Robinia. Poplar plantations (10-12 years cycle) were established within
an area between 70.000 and 90.000 ha.
E.g. in 2007 the wood area in Austria was 3,306,331 ha and in 2009 3,335,927 ha, so a
plus of around 30,000 ha (Statistik Austria 2010). In 2009 the area with SRF was 915 ha
and rose to 1,335 ha in 2009, so a plus of around 400 ha. SRC yields best at stands on
well drained soils with a good water supply in the vegetation period. For example around
rivers at floodplain locations with a high content on fine earth SRC plantations grow well.
On slightly acidic to neutral soils in cool and frost endangered regions with at least 130
days of growing season, preferably willow clones, white birch and grey alder are used for
SRC (Austria). Because of their high transpiration coefficient a good water supply is
needed during growing season. A groundwater table which is 1 to 3 meters below the
surface is favourable. On dry sites with low precipitation and low groundwater nearly no
poplar and willow clone can succeed (Austria, Deim, Groiss, and Liebhard 2010).
Where Austria is divided into four different climatic zones, Brazil has six different biomes
and it becomes challenging to identify optimal sites for SRF in general. E. g., eucalyptus
is one of the most important plantation trees in Brazil. The Eucalyptus species can adapt
to regions of altitudes such as 500-1000 meters, with average annual rainfalls of 1,000 mm
with a dry season of not more than 4 months. Annual average temperatures are between
17-22o C. The best productivity will be found in well drained and deep soils (ABRAF
2010).
A widely used qualitative physical land evaluation method based on expert knowledge
is the land suitability method developed by FAO 1976 for assessing the suitability of
land for a specific use. Suitability is expressed in descriptive terms: highly suitable (S1);
moderately suitable (S2); marginally suitable (S3); unsuitable with (Nl) or without (N2)
possibilities for land improvement (Wandahwa and Ranst 1996).
Prioritised research areas
1. Proper assessment of various site factors for improved productivity of SRF species
(Austria) regarding optimal soil and water usage (Italy, Austria, Croatia, UK, Kenya)
2. Suitability of fast growing timber species on farm land (with or without companion
crops) (India, Germany)
3. Best species adaptation (Austria, Croatia), precultivation for other tree species (Croatia)
4. Including local tree species (Kenya) for optimal site use, using exotic species as well
with emphasis on degraded lands (India) and socioeconomic safety (Kenya)
5. Economic site optimisation (Germany, UK, Kenya, Italy, Austria) and market accessibility
6. Establishment of SRF on contaminated soils unsuited for food production (Germany)

BenwoodResearchAgenda V 1.1

7. A more informed assessment of future cultural and social costs of AR activities still
requires more investigation (Obersteiner et al. 2006).
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Preparing the soil

Soil has to be prepared for planting and for obtaining the best growth results especially in
the starting phase of the culture. Overall the most important factors to support growth are
weed control to minimise water competitiveness (Austria, UK, Kenya, Brazil) (Liebhard
2007a; Schuster October 2010) and sufficient nutrient availability. Therefore a residual
herbicide should be applied after planting within 3 - 5 days (Austria; Brazil underlines
“conventional weeding” systems, Chaer and Tótola 2007). In Croatia soil cultivation is
performed several times, regarding the inter-row area with machines, and hilling by hand.
(Kenya clears planted rows of vegetation as well as Brazil, “minimal cultivation technique”,
sometimes the area gets burned for quick fertilising (Gatto et al. 2003)). In hilly areas
of Kenya bushes get removed on the lower side of the strip. Complete cultivation is not
allowed on such sites but a 0.5 m radius around the seedling gets weeded.
Altogether the main differences are seen within the intensity of soil preparation concerning
different soil types and their corresponding attributes and production aims (Italy). Soil
preparation for SRF is comparable with the soil preparation for maize (Austria, Schweinberger 2010). Required is a fine-crumbled soil. If erosion is expected (hillside situation)
also strip soil preparation and planting is recommended. The partners from UK point out
(Defra and England 2009) that bare soils should be avoided due to nutrient and carbon
loss and avoidable water pollution. Measures have to be taken by each of the countries to
try and combat degradation of the land (see Defra and England 2009; Donnelley 2009).
Especially on grassland, slopes and other endangered sites it is possible to till only small
stripes of the field with special machinery. This can be done with a rotary cultivator. Here
a worked depth of about 25 to 30 centimeter and sometimes up to 70 is needed depending
on the planting material and the planned insertion depth (Austria, Liebhard 2007b).
Italy carries out deep ripping and ploughing (70 – 100 cm at a distance of about 150-300
cm) if there is a high content of clay or silt. This is to optimise especially the first year
of growth concerning water availability (optimised root penetration). On the other hand
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on sandy soils it is recommended to plough just before planting to bury weeds and keep
soil clean as long as possible. However, after ploughing it is necessary to do a careful soil
preparation with some disk harrow passages to refine the soil for planting.
Willow can be grown on a wide range of soil types, on light soils as well as on loamy soils,
with a pH range from 6.0 to 7.5 and an optimum pH of 6.5 (Restmac 2009). Mineral soils
are more advantageous for growing willow. This is because it is easier to control weeds on
mineral soils than on organic soils.
Poplars are more frost sensitive than willows and, therefore, are not usually planted in
northern countries (Austria). Poplars grow best in deep fertile soils, although they can
grow on a wide range of soils. However, shallow soils and sites that remain waterlogged
should be avoided. Soil pH should ideally fall in the range 5.5 - 7.5.
Prioritised research areas
1. Optimal site preparation to support root penetration and lower possibly harmful meteorological impacts on the soil for frost, sun temperature impacts (Italy)
2. Establishment of planting guidelines for soil preparations (e.g. for avoiding bare soils,
UK, Austria)
3. Effective soil management against degradation (UK, India)
4. Influence of soil preparation on flowering and seed setting (Kenya)
5. Root development: How to improve it when the soil gets manually prepared (Kenya)
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Genetic material

Around 2/3 poplars and 1/3 willow are used in Austria depending on environmental
conditions like temperature, soil and water availability (Austria, Schweinberger 2010).
They consist of three main clones of Salix viminalis crossings (Inger, Tora, Tordis; Handler
and Blumauer 2010) of willow which originally come from Sweden. Under licence this
genetic material is reproduced from the company, distributed and planted in Austria. For
poplars Max 5, AF 6, Monviso, 22.02, AF 2, 3.02, AF 8 and Pegaso are used. Germany
identified as the main research focus broadening the genetic basis, since large areas of clones
from relatively similar varieties are prone to epidemic pest growth and diseases (Brazil,
Italy, e.g. Melasoma populi, Marssonina brunnea and rust, UK). Thus, cross-breeding of
new varieties is imperative, as the Forestry Commission (UK) e.g. no longer maintains
an approved list of poplar varieties and no variety can be guaranteed to remain rustfree. Many other poplar varieties exist but information on their performance in the UK is
limited in many instances”’ (UK Forestry Commission 2005). A prerequisite to breeding
is the identification of varieties with DNS-markers that allow for later monitoring, too.
Other breeding goals are
1. Resistence against abiotic stress from cold weather, wind or lack of water (Germany,
Italy)
2. Non-energy utilization covers an increased content of salicyl acid and a changed lignincellulosis ratio for industrial application (Germany)
3. Good local site adaptation (India, Italy)
4. Nutrient use efficiency (Croatia)
5. Good vegetative propagation (India)
6. High sprouting rates with fast growth (India)
7. High dendromass yields (Italy, Germany, India, Croatia)
In the genetic improvement program for both, poplar and salix types, five distinct stages
are identified (India):
1. Germ plasm collection from natural populations in the various continents
2. Comparison and selection of the best genotypes of each origin
3. Controlled hybridization, progeny test
4. Selection of the hybrids

BenwoodResearchAgenda V 1.1

5. Field tests
However, e.g. the genetic improvement program at Alasia Franco Vivai, Italy, aims at
selecting new clones of poplar and willows focussing on the innovative uses of the lignocellulosic biomass for increasing the energetic yield. This would guarantee a higher efficiency
for transformation, pelletization, gasification or ethanol fermentation.
In Croatia the greatest progress has been achieved with the breeding of White Willows
(Salix alba) and their hybrids. Mass selection of the phenotypically best trees from the areas of their natural distribution has been carried out, together with intra- and interspecies
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hybridisation (Kajba and Bogdan 2002, Risović et al. 2004). Vegetative propagation and
extensive research have provided answers to the following issues: genetic variability of the
arborescent willows in Croatia, the influence of habitat and clones on production; site-class
determination of willow habitats; phenotypical stability and adaptability of the produced
clones; the possibilities for the establishing of willow cultures on non-typical habitats; the
possibilities for the establishment of mixed plantations of White Willow and Black Alder
(Alnus glutinosa) and clones suitable for the production of biomass in short rotations
(Kajba and Katičić 2011)
The productivity of genetic material from eucalyptus got stronger in Brazil, on the average
from 36.7 m3 /ha/year in 2005 to 40.5 m3 /ha/year in 2009. As for pinus genetic material,
the productivity has increased from 30.7 to 37.6 m3 /ha/year from 2005 to 2009 (Brazil,
ABRAF 2010). The optimisation of Eucalyptus breeding is also an issue in Kenya. There
the current varying growth of clones in the field shows that proper research on clone-site
matching should be carried out prior to expansive planting. In South Africa the planting
of clones has been taken up by private companies that target specific products unlike in
Kenya where small scale farmers are the main consumers of the clones and these farmers
often have diverse expectations that may not be realised. However, clonal plantations are
generally not common in Kenya. Specifically they have not yet been planted in the public
forests and have only been used in private forest – this has been eucalyptus clones, after
their introduction from South Africa. However, monoculture plantations of several exotic
and few indigenous trees species do exist.
Prioritised research areas
1. Introduction and testing of new suitable species/clones for specific end-use i.e. timber,
fuel, phyto-remediation, problematic soils, etc. (India). Field trials for comparison of
old and new introduced clones/species (India, Italy, Croatia)
2. Collection of new germplasm of salix and poplar from natural populations; especially
where environmental conditions are challenging (frost, water stressed, drought) for
increased resistances (India, Brazil, Italy). Development of native species for SRF (UK,
Kenya, Italy). Collecting of indigenous trees starting from the natural populations
in the respective areas of origin which are in the temperate band of the northern
hemisphere (Italy)
3. Biotechnological approaches in indigenous as well as exotic fast growing species including transgenic for higher productivity and low lignin content (India).
4. Contribution of tree improvement and traditional practices towards production gain in
SRF species (India)
5. Selection and comparison criteria for the best genotypes of each origin before following
the steps in the breeding process (India). Controlled selection of the hybrids and
evaluation (Italy)
6. Clones for different zones: Opportunities for research and development on clones for
Kenya (India); Genetic adaptation at different potential sites (India, UK, Kenya, Italy).
BenwoodResearchAgenda V 1.1

7. Genetic optimisation of woody material for non-energy utilisation (Germany)
8. Environmental impact assessment of used clone species (UK)
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9. Controlled Hybridization of a) progeny-test for identifying the best hybrid combinations
b) attainment of a high number of genotypes from the best hybrid combinations already
identified through the progeny-test
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Plant selection (species selection)
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Because of the extremely heterogeneous site conditions in Austria regarding soil, climate
and altitude, several different tree species are used for SRC. Most of the SRC stands are
planted with poplar (Populus ssp.) and willow (Salix ssp.) (ca. 90%) and black locust
(Robinia pseudoacacia L.) (ca. 7%). The other possible tree species, aspen (Populus
tremula), birch (Betula pendula Roth) and grey alder (Alnus incana) only have a combined
share of 5 % (Röhricht and Ruscher 2004, Petzold, Feger, and Röhle 2010).
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1

type of
planting
material
1

2

3

4

age in
years

length/
height
(cm)
30 - 80
70 - 150

diameter
(cm)

20

1.0 - 2.5

20

1
several
years
1

5

Criteria
optimum
planting
depth
10 - 20
15 - 20

2

saplings

3

cuttings

4

one year old
cutting with
roots
long cuttings

1

150 - 200

1.0 - 2.5

15 - 25

1

20 - 50

1.0 - 2.5

20 - 50

long cuttings
with terminal bud
long setting
rods

1

80 - 250

1.0 - 2.6

20 - 40

1-2

200 - 400

2.0 - 5.0

70 - 150

horizontal
setting stick

1-2

80 - 250

5

6

7

8

15 - 25

6

quality criteria

transplanted
fresh, healthy, undamaged
bark
upright, fresh, healthy,
without branches, undamaged bark
fresh, healthy, undamaged
bark
fresh, healthy, undamaged
bark
upright, fresh, healthy,
without branches, undamaged bark
only for landscape architecture and ornamental
gardening

BWResearchAgendaTables.criteriaForPlantingMaterialLiebhard

Tab. 6.1: Common planting material and criteria for plant selection of willow and poplar for the establishment
of SRC. Source: Liebhard 2007.
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In Croatia sixteen poplar clones and eleven willow clones are used for reproduction. In
the last couple of years, the selection, breeding and testing of the clones from black poplar
(P. nigra) was intensified, aiming towards quality plant material for the restoration of the
riparian forests. The selection of plus variants from the younger natural populations of
European black poplar is essential, as it is possible to select the new genotypes which will
be well adapted for specific, local habitats. The restoration strategy should be led by the
principle of replacement of Euro-American poplar plantations (Populus canadensis) with
European black poplar (P. nigra), according to the cultivation plan (Potočić et al. 2006,
Trajković et al. 2007, Kajba and Katičić 2011).
Plant selection can also be carried out taking additional production aims into consideration (Kenya). E.g. within a short rotation period aiming towards fuelwood production
Eucalyptus species and Acacia spp. provide the best output. Cupressus lusitanica and
Pinus spp. are selected for timber production. In sites where the crop component is also
given high priority, species such as Grevillea robusta, Leucaena leucocephala, Calliandra,
Casuarina and Markhamia lutea are preferred. While these tree species are valued for
their financial benefit, Leucaena and Calliandra are also valued for providing alternative
source of livestock fodder especially during the dry season (Schmidt and Gerold 2010).
Broadly species for plantation are classified into two classes:
1. Species that have a rapid initial growth and are used for industrial biomass. (e.g.: Acrocarpus fraxinifolius, Anthocephalus cadamba, Ailanthus excelsa, Acacia mangium,A.
auriculiformis, Bamboo, Eucalyptus tereticornis, Bombax ceiba, Casuarina equisetifolia, Cryptomeria japonica, Gmelina arborea,Grevillea robusta, Leucaena leucocephala,
12/57

2011-03-22

Research Agenda

Melia composita, Morus alba, Prosopis juliflora, Populus deltoides, Robinia pseudoacacia, Salix alba, Trewia nudiflora, Terminalia arjuna, etc.
2. Species that grow well but comparatively take more time for harvesting for end products
and mainly destined for timber production such as Tectona grandis, Shorea robusta,
Dalbergia sissoo, Acacia nilotica, Toona ciliata, Quercus spp., Ulmus villosa, conifers,
etc.
Prioritised research areas
1. Identification of clones adapted to soil, ground water and climate conditions to have a
higher variation for future plantings (Austria, Kenya, Croatia)
2. Identification of optimal planting material (high biomass productivity, high resistant
against environmental impact) for alternative applications like fuel wood, charcoal, pulp
paper and board industry to fulfil raising future demand (Austria, Kenya)
3. Identification of optional plant species with additional multifunctional uses (livestock
fodder, financial benefit) (Kenya, UK, Croatia), Introduction of exotics: potentials and
risks
4. Optimal interchange with crop plants (e.g. nitrogen fixing) (Kenya, UK)
5. Optimising service functions with adapted tree species (minimising water logging, optimised soil protection) (Kenya)
6. Climate change and its impact on management seasons (UK), options for CDM countries
7. Optimising sprouting rate (Austria)
8. Safe and fast rooting of the planting material (Austria)
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Planting

According to the planned rotation period and the used species and clone as well as the site
conditions and product usage different planting designs are used in Austria. In general, a
space of up to 10 meters at the edges of the field has to be spared out from planting for
any kind of turning procedure with machinery especially for the harvesting machine.

Fig. 7.1: Single row planting scheme.
Source: Liebhard 2007.

Fig. 7.2: Double row planting scheme.
Source: Liebhard 2007.
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If a short rotation period is planned, the double row system can be used especially with
willow. The distance of the double rows is maxed with 75 cm for a mechanized harvest.
The distance between the double rows is again at least 2.5 meters up to 3.0 meters for the
same reasons as in the single row system.

Fig. 7.3: Planting the cutting
with a small offset (if at all)
above ground level. Source:
Deim, Knust, and Liebhard 2010.

Fig. 7.4: Planting in Poland. Source: Dubas 2009
onwards.
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For the planting in fall one year old rooted cuttings are used. In spring common cuttings
can be used. The cutting has to be inserted vertically into the soil. The bark has to
be undamaged. Only an intact cambium provides adequate root and shoot growth. The
cuttings are usually fully immersed into the soil (see Fig. 7.3). If this is not possible, a
maximum of 20 % can be above the ground. The buds always have to point upwards.
Both horizontal and vertical methods are used for SRC in the UK, but most often vertical
planting of cuttings because of the ease of controlling spacing and machinery requirements
(see Defra 2004). ‘Step planters’ or ‘lay flat planters’ are used for planting.
Prioritised research areas
1. Optimal geometry (spacing) for different wood end-uses and coppice management (India, Kenya, UK). Making use of available niches on farms and workable composition of
species (Kenya)
2. Pure and mixed plantation: productive potential (India), Planting of mixed material
(e.g. different clones in one field in mixtures) vs “homogenous” monoclonal parts in
one field (Sweden)
3. Planting technology for conservation of water and soil on slopping lands. Steep areas
and small stands: Establishing SRF plots without full mechanisation (Kenya)
4. What should be the length of the cuttings for e.g. willows SRC? By shortening the
cuttings planted we reduce the costs. . . but do we lose biomass? (Sweden)
5. a) Should we plant SRC/SRF between intensive agricultural crops and water course
(e.g. lakes, rivers etc? (planting method vs environmental uses?) b) Should we leave
patches of some parts of the field open to increase e.g. biodiversity? What are the
profits? Are they substantial to justify a decrease in biomass production? (Sweden)
6. Optimizing planting technology for one year old rooted rods (150 - 200 cm) (Austria)
7. Optimizing planting technology for one year sets of poplar (80 - 250 cm) (Austria)
8. What is the ideal density for e.g. SRC willow taking into account that the new clones
are more productive that the old ones? How is that related to costs? Is there an idea to
lower the density (and consequently reduce planting costs?) having the same biomass
produced? (Sweden)
9. What planting for SRC and SRF should we follow? One row? Double rows? And how
should this be combined with other management activities? (Sweden, Austria)
10. Taking into account the lack of many cheap planting machines for SRC, would it be an
idea to plant even summer/late summer instead of spring (in order to meet the growing
demand for increased areas planted with SRC/SRF)?
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11. What would be the most effective, most sustainable and cheaper way to avoid weeds?
(taking into account that SRC is practiced in agricultural soils and SRF in forest soils
in an “agricultural” way?)
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8

Cultivation, Maintenance

Proper cultivation and management of SRC stands are important parts of the entire SRC
management chain and determine the economic success of a short rotation plantation
(Austria, UK, Germany, Poland). The crucial phase of SRC management is the first
year after establishment, because young trees are especially endangered by several risk
factors (see chapter “Risks”), most of all draught and competition by weeds (UK, Austria,
Poland). Only a high percentage of surviving trees guarantees the development of a
homogenous stand capable of producing the desired biomass yield (Austria, UK). Openings
in the row have to be avoided (Rotheneder 2010). But UK reports, that replacing dead
plants at the end of the first year is not generally very satisfactory due to the shade of
neighbours. One study by McCracken and Dawson looked at how mixtures of willow
coppice varieties produce more shoots that effectively filled these gaps left by dead plants.
This response may depend on the growth habit of the varieties involved. (Tubby 2009).
Weed control is a crucial part of maintenance (Austria, Kenya, UK), especially during
the first year. Poplar, willow and black locust plants are light demanding and also require sufficient soil moisture content for their development. Weeds may limit both, light
and water availability and thus reduce growth of the young trees. If trees get older the
trees overshadow any undergrowth. It is not seen as a bad thing to have some ground
flora under SRC because it can provide habitat for pest predators (UK). In Austria, a
number of herbicides are officially approved for usage in SRC (Deim, C. And P. 2010).
Chemical treatment is very important in the first stage of the plantation, when the rooting system is developing (Italy). Mechanical weed control can be done alternatively or
additionally one or two month later after soil-applied herbicide. In Kenya weed control
differs between specific site conditions (waterlogged, dry and normal sites) and is undertaken through complete cultivation of the planting site. In public forests, “taungya”
intercropping method was used in the past and replaced by PELIS – Plantation Establish
for Livelihood Improvement System, where cultivators are compensated for their labour
input.
SRC cultivation and management consists of several steps: nursery (Croatia, India), site
selection & choice of proper clones, choosing planting material (cuttings, long cuttings
or rooted cuttings), site and soil preparation (e.g. for plantation set up or for maintenance in Kenya loosing soils for better rainwater penetration), planting, repeated weed
control, eventually irrigation and critical water management (China, Croatia, Austria),
game control (rabbits, deer: UK), adjusted risk management (see chapter risks) and in
case of willow the cut back after the first year (Peter Liebhard 2007; P. Liebhard 2010).
Brazil carries out frequently thinning and pruning for quality, which has direct economic
impacts (Dias et al. 2005, Polli et al. 2006, pine plantation: Schilling 1998). Optional use
of fertilizer or sewage sludge application is discussed (Germany, UK, Sellers 2006, Moffat
2006). And at the end e.g. of willow SRC cultivation (should be circa 30 years after planting) the stools can either be left to rot or mulched by use of a heavy-duty grass-topper or
pulveriser into the top 5-10cm of soil.
In India the plantations of various fast growing multipurpose indigenous and exotic tree
species have been introduced more or less successful mainly to supplement indigenous
resources of wood based raw material and to afforest barren areas with respect towards
production aims and revenue. Species are Poplar, Eucalyptus, Leucaena, Salix, wattles,
Robinia, etc., which have exploited the full production potential of the sites but are heavily
discussed about their ecological implications.
The Forest Stewardship Council (FSC) recommends eliminating the use of hazardous
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pesticides in FSC-certified areas. As most of the Brazilian Eucalyptus plantations are
owned by private companies that hold a FSC certificate, is highly important to develop
new strategies to control leaf-cutting ants without pesticides (Isenring and Neumeister
2009).
Prioritised research areas
1. Monitoring and Growth estimations from SRF systems (UK, Germany Ali 2009)
2. Impact of ash and sewage sludge fertiliser (UK Walmsley 2008), sustainable dosage
aspect (Sweden, Germany: Felker 1984, Agency 2006, S. And Lindegaard 2003). Waste
flows, and life cycle assessment (UK), flow of nutrients and heavy metals
3. Usability of under-root fertilization, storage fertilizer (Germany), economic point of
view regarding rising fertiliser costs (Sweden, China), where are the limits for best
economic performance? Fertilizer application in general (Italy, Croatia, China)
4. Optimising weed control without chemicals (e.g. for sensitive willow, Germany, Beimgraben 2009, p. 21, ecological farming Poland), tolerating a certain level of weeds for
wild life and game increasing biodiversity (Tucker, Sage, and Buckley 1997, Sage 1999)
(UK, wildlife management in Poland)
5. Annual fertiliser application techniques and equipment within intensive SRC/SRF plantation (Italy, UK). Also for sewage sludge (Sweden, UK)
6. Research on optimal spacing for industrial usage of wood (Croatia, Austria)
7. Research on optimal rotation period for industrial usage of wood, management and
cultivation (Austria)
8. Pest control without pesticides (Brazil leaf cutting ants, Kenya termites; China, Poland,
Germany)
9. Determination of real gains in quality and economic output through thinning and pruning activities (Brazil)
10. Irrigation and water management (China, Sheng-zuo 2008)
11. Proper nursery management (China, Croatia)
12. Options for mulching (China, Kenya, Italy, Austria)
13. Database development for CDM and REDD+, GHG capture and emission assessment
during the maintenance processes (India)
14. Barriers of SRF adaption during maintenance, economic values of ecosystem services,
etc. (India)
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Water Management

Water management aspects in forestry do have several impacts on the environment.
Forests may maximize water yield but do also have negative effects on ground water.
They regulate seasonal flow and ensure high water quality. E.g. water consumption of
willow trees can reach 4,8 mm/day in June and July (Austria) (Restmac 2009), and poplar
is resistant against stagnant moisture for a flood period (some days) as known from a test
field in lower Austria (Handler 2010). Irrigation of SRF is not common in Austria, but
it is in other parts of the world, e.g. in Brazil. It might become necessary if the yearly
rainfall is less than 600 mm/year (Austria). By establishing SRF sufficient water availability is known as one of the most crucial measures for achieving satisfactory yields.
Additional Austria underlines proper site identification and weed control to prevent water
stress (Liebhard 2007). This indicates that water and forests is a critical issue and must
be given priority within the discussion regarding climate change and forest degradation.
Water management aspects within SRF are discussed within quantity (availability) and
quality issues (Germany, India, UK, Austria, Brazil). Water availability is indeed the most
important growth factor which influences both the success of SRC establishment as well as
wood yield. The quantity aspect is especially important on sites where precipitation is low
and soils are poor. The German study site in Brandenburg, where the groundwater table
is at 1.5 meter below surface, field crops can only be grown under irrigation and massive
fertilizer application. SRF has the potential to use both precipitation and groundwater
while coping with the low nutrient offer (Murach 2010). However, the hydrogeological influence on a landscape scale has to be considered and local groundwater recharge has to
be weighed against biomass production. This means in conclusion that economic optimisation always has to take water needs and aspects into consideration (India), may it be
regarding management or species optimisation (Germany, UK). Especially in regions like
India, where monsoon events do not regularly provide water for rice cultures, it is felt very
important to take care about possible over- exploitation of ground water during drought
events. E.g. Kenya is establishing water harvesting and micro catchment techniques for
single trees, but also establishes regulatory for tree planting in riparian areas and supports
more water efficient and nitrogen fixing tree species (India, Kenya) (Ministry of Agriculture, 2009). Brazil uses SRF for water retention in the local water basin, using mosaic
planting of different age classes, which avoids total exposure of the area during harvesting
(Walter, 2010).
Quality measures deal on the one hand with the effects of SRC on soil nutrient, groundwater and surface water properties (environmental benefits, India) and on the other hand
with the utilization of SRC as a bio-filter for wastewater, sewage and effluents (Germany,
UK, Kenya). Therefore constructed wetlands and systems with controlled flooding or irrigation of SRC sites with landfill leachate, industrial wastewaters and municipal wastewater
can be constructed. These fields will take up the nutrients, especially nitrogen and phosphorus during the vegetation period while infiltrating large amounts of filtered water at
the same time, acting as a net water source and not as a sink (Jossart ?, Johann Heinrich
von Thünen-Institut (vTI) 2009, Isebrands 2003; UK Environment Agency 2008, Paulso
et al. 2003). Furthermore SRC is an ideal landscape element for erosion reduction and
buffer zones, e.g. along rivers (Austria).
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Prioritised research areas
1. Prevention of over- exploitation of ground water, impacts of precipitation and understorey management (Germany, Austria, India), optimize the eucalypt water consumption (Brazil, Oliveira 2009)
2. Impact of global warming on SRF water resources (India)
3. Optimising water efficiency regarding produced woody biomass (India). Selection of
low water requiring species/genotypes and cultural practices (India, UK); optimising
water retention (Brazil), runoff and micro catchment systems (Bangor) and salt tolerance (Germany). Management of saline and waterlogged soils for economic use (India,
Austria)
4. Irrigation praxis in the first year and vegetation period (Austria, Brazil)
5. Waste Water management and options for wastewater, sewage and effluents filtering,
irrigation with water from wastewater treatment plants (Austria). Dendroremediation
(Germany, UK, Bangor)
6. Conflicts between SRF and agricultural food crops: Competition for groundwater (Bangor), SRC landscape water household (Austria)
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Nutrients and soil
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SRC plantation areas are prone to soil erosion (by wind and water) during the first year
and need an inter-row cover (Hildebrandt1 ) but later on they can serve as a protection
measure (Coleman2 ) (Germany).
Hybrid poplars and willows generally require soils of good quality to yield economically
viable amounts of biomass. Required soil physical properties include good water storage
capacity, well aerated conditions in the topsoil and no soil compactions. These conditions
will facilitate sufficient water availability for the trees. SRC trees have rather high transpiration rates (Petzold, Feger, and Röhle 2010, Lamersdorf et al. 2010). Thus, soil water
household is a major factor influencing SRF tree growth (UK, Kenya, India).
In Austria, SRC are usually established on arable land, formerly used for regular crop
production. Such sites have usually been treated with fertilizer and lime to improve
growing conditions for the annual crops in previous times. Despite the fact that SRC trees
have a high demand on nutrient availability (compared to other forest trees), they are less
demanding than most annual crops. Experiments have shown that poplar does not respond
to fertilization by increasing volume increment Driessche, Thomas, and Kamelchuk 2008.
Therefore, sites formerly used for annual crop production are usually sufficiently rich in
nutrients for SRC. In contrast, it is well known that willow has a higher nutrient demand
than poplar, especially with regard to nitrogen. Thus, nitrogen fertilization is a common
practice in many countries. Especially in Scandinavia and Great Britain, a combination
of irrigation and fertilization by using wastewaters, sludge or landfill leachate is relatively
common. In Austria, such treatments are not commonly used.
A large part of the annual nutrient uptake is disposed in the leaves. In autumn, the trees
drop their leaves, which are eventually decomposed and the nutrients are returned to the
soil. This internal recycling is a very important for maintaining the nutrient supply in
SRC (Austria, Kenya). It is therefore not recommended to harvest the trees during the
growing season, which would cause high nutrient exports. Even when harvested in winter,
some nutrients are removed from the site. Throughout the years, after repeated harvests,
these losses can deplete the soil, in case the nutrient availability was low to start with
(Peter Liebhard 2007). In the UK, SRF set up and harvest are heavily mechanised and
care needs to be taken not to damage the soil from heavy machinery (Defra 2004).
In Brazil limestone is used for the correction of the soil pH - which has high acidity most
of the times. It stimulates the microbial activity and increases the availability of most
nutrients for the plants. Also leguminous plants used for nitrogen fixation are used (Brazil,
India, Kenya) (Mattiello et al. 2009, Ribeiro, Guimarães, and Alvarez V. 1999). Beyond
limestone also NPK fertiliser is used. Another option (Kenya) is integrated livestock
farming to support nutrient availability. Another aspect is that farmers find it very easy
and convenient to use fire to clear the land. Then the site gets cultivated with both grains
and legumes to restore the soil fertility (Kenya). Currently (Brazil), forest plantations use
boron as fertilizers. Among others the ideal dose depends on the genetic of the plant and
1
http://www.bfn.de/fileadmin/MDB/documents/themen/erneuerbareenergien/bfn_
energieholzanbau_landwirtschaftliche_flaechen.pdf
2
http://www.srs.fs.usda.gov/pubs/ja/ja_coleman013.pdf
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the edaphoclimatic conditions. The boron use must be very well controlled as its excessive
use can lead to productivity losses. Ash could make up a valuable nutrient source for
forestry purposes if the woody biomass gets well burned (P. Liebhard et al. 2009). Poor
burning and presence of up to 300 mg kg1 16 EPA-PAHs annihilate recycling intentions
and may turn a natural resource into a hazardous waste (Sarembo 2009) (UK, Germany).
Beyond the mere exploitation of nutrients for their own requirements, SRC trees have
the potential to extract hazardous compounds from the soil. This can state a problem
since the ash (especially cyclone ash) gets contaminated and cannot be recycled to the
plantation. The separation from a matrix (i.e. soil) and the higher concentration of
e.g. heavy metals or radioactive elements in the ash allows for a space-saving disposal
(Mirck3 , Paulso et al. 2003, Isebrands 2003). Soils with high organic carbon and pH have
high available soil macronutrients such as Ca, Mg, K or Na and are suitable for forestry
operations where fertilisers are not used. Organic C, pH and nutrients are normally high
in wet recent volcanic soils; these sites are most appropriate for natural and short rotation
forestry. Wet soils developed on acid rocks are likely to have lower macronutrients status
and therefore slower growth of trees will be the result (Allen 1986).
Although the fundamental science about soil and nutrients is well understood, further
work is required to create long-term predictive remediation models, full environmental
impact assessments, a complete life-cycle analysis and economic analyses for a wide range
of landfill scenarios (Jones, Williamson, and Owen 2006).
Prioritised research areas
1. Research about impacts of sludge application or the fermentation rests of biogas plants
in SRC stands (Austria, India) or ash (UK, Germany)
2. Research about compost application in combination with the recirculation of ash from
energy utilized wood (Austria)
3. Modelling nutrient compartments and export via cutting to identify needs for fertilisation (Austria, UK), Phytoremediation,
4. Efficient methods of reclaiming the land after a cultures end (Kenya)
5. Evaluation of the competition between uses of tree pruning and left-over’s: Mulch,
fodder or fuelwood (Kenya)?
6. Quantification of soil changes during conversion from agricultural to SRF. Options for
optimal carbon sequestration in soil (India)
7. Differences of water impacts between SRF and Agroforestry systems
8. Nitrogen and non-nitrogen fixing tree combination for productivity enhancement (India)
9. Biotechnological options for remediation of polluted areas, sediment stabilisation (Germany), options for fighting degradation using biochar or hydrophilic polymers (hydrogel) and the inoculation of specific mycorrhiza
BenwoodResearchAgenda V 1.1
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Risks

SRC and SRF cultivations do face many different risk factors. On the one hand they
are induced from the SRC fields towards the environment. But on the other hand SRC
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faces several biotic and non biotic problems induced by the environmental conditions
threatening health and productivity of the SRC field.
Abiotic risks Risks induced by abiotic factors can be minimized by thoroughly analyzing site conditions before SRC establishment. Then matching tree species and cultivar
composition have to be identified according to the specific site conditions.
Austria reports mainly drought, wind, frost and snow to be risks in SRC. This strongly
depends on optimal and carefully selected stand conditions. E.g. Poland observed no
problems in SRF with wind and snow events. Additionally Germany focuses on risks
regarding global climate change scenarios, which might weaken the resistance of stressed
plants towards pests and diseases (Helbig and Müller 2010). This also has to be discussed
regarding proper fire management (Brazil).
Drought events are a problem especially during the first year and eventually the second
year after SRC establishment, until the tree’s rooting system is fully developed. The
effects of drought are aggravated by a strong competition with weeds, especially during
the first year after SRC establishment. Thus, it is crucial to apply proper weed control,
both mechanically and chemically (Liebhard 2007).
The risk of heavy metals contaminating wood is not high but possible if planted as a
phytoremediation measure on soils with a high concentration of heavy metals (UK).
Furthermore Kenya points out that with a growing human population there is a need for
more land for food production, which reduces the area available for tree planting. Another
problem is the law situation where further cutting of natural forests was forbidden. These
natural forests are considered primarily for conservation of biodiversity, and establishment
of short rotation forests could act contrary to this objective as it involves clearing of all
natural vegetation which is considered in SRF as weed.

BenwoodResearchAgenda V 1.1

Biotic risk factors Insect pests and diseases are the main risks to short rotation
forestry plantations (Kenya). In Austria damages are caused by Cryptodiaporthe populea (Trinkaus 1998) and frequently by rust fungi (Melampsora spec.) (UK!). This fungus
affects the leaves and causes reduced photosynthesis and earlier leaf fall in autumn. In
some cases it causes the death of entire plantations, if a susceptible clone was used. Because of economic as well as ecologic reasons usually no fungicides are applied and allowed
in Austria, even in case of a heavy infestation. The most important and useful management options to mitigate damages by rust and other fungi are the choice of largely
resistant clones and the establishment of multiclonal plantations, where different clones
and tree species are used in order to prevent easy spreading of the fungi.
Figure 3: Biotic and non biotic risks.
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Fig. 11.1: An example for a biotic risk factor:
Chrysomela spec.

BenwoodResearchAgenda V 1.1

Fig. 11.2: Young poplar plantation with barren land
in between the rows which may possibly cause soil
loss and degradation.

Controlling weeds in the establishment year of SRC is very important. Couch grass is one
of the main aggressive weeds targeted for removal in the UK.
Leaf beetles occur in Austria within nearly all SRC stands of poplar and willow (e.g.
Chrysomela spec.; UK.: Willow beetle Phratora vitellinae and Phratora vulgatissima,
Leather jackets (Tipulidae species larvae), Giant willow aphids (Tuberolachnus salignus
and Pterocomma salicis (BioMatNet 2004) They are capable of mass propagation and
becoming a calamity. Heavy infestation with leave beetles causes a considerable growth
reduction. In case of young trees or newly resprouting trees, it can even cause death. In
these cases the application of insecticides may be successful (Liebhard 2007). Brazil gives
an example of cutting ants (Atta spp. and Acromyrmex spp.) which may have a significant
impact on SRF especially at the beginning of the plantation (Boraetto and Forti 1997)
SRC plantations are often damaged by mammals, especially mice and game (Austria,
UK); (BIOMATNET, 2004). Rabbits are the main pests of newly planted SRC in the
UK and other animals that cause localized damage are deer, voles, squirrels, hares and
grazing birds, e.g. geese. Roe deer and red deer (Poland additional elks, fallow deer and
moufflons) damage poplar, willow and black locust by biting off the terminal sprouts and
buds. Bark may still be damaged by male deer hitting the stems with their antlers and
trying to remove the velvet skin. Consequent game management and the establishment
of rather large interconnected SRC stands can help to reduce damages caused by deer.
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Fencing off entire plantations is also possible (Liebhard 2007), but usually quite expansive
and thus, economically not viable. Additionally livestock may cause damages.
Mice and rodents (NW -FVA 2007 and NW -FVA 2010) can cause the death of large parts
of newly established SRC plantations by chewing off the bark close to the ground or eating
the roots. A good site preparation combined with the establishment of poles for birds of
prey can reduce the threat of mice (Austria, Germany).
The most important factor is the preparation of the land before establishing the SRC
plantation, and making sure that measures reduce risks of pests and diseases are taken at
that time to– it can prove more cost effective to do it with foresight rather than at a later
stage (Coppice Resources Limited 2008).
Risks induced by the SRC The second category of risk factors includes those caused
by the plantation towards the environment. In Austria, no research has been carried
out so far to actually assess and evaluate the risk potential of such factors. Therefore
research is needed, mainly in fields where impacts are expected e.g. water consumption
and nutrition depletion (India regarding Eucalyptus trees), impact on landscape attraction
and regarding potential invasive species like ailanthus or, to a certain extent black locust.
Also India reports possible invasive nature of used plants within SRF and additionally
underlines reduced crop productivity. Austria additionally refers to possible hybridization
of poplar and willow clones with local species. In Poland this fact is known for willow,
but not seen as a substantial problem.
India, Kenya as well as UK and Germany describe that SRF may be and alternative
hosts for insect/pest/disease (India e.g. Gmelina acts as alternate host of Tectona pests)
regarding the invasive nature of species like Prosopis, Lecucaena, etc. The UK points
out that especially non-native species can lead to outbreaks of new pests and pathogens
and/or increase the number of existing pests and pathogens (Hardcastle 2006).
Furthermore India points out that the exudation of biochemicals (toxic chemicals in soil
under eucalyptus trees) and the depletion of biodiversity (biodiversity erosion by using
Eucalyptus: underground flora is depleted under the canopy of fast growing trees; Kenya!)
may become problematic. Kenya underlines risks that improved planting material is not
always available, proper management practices are not always followed, and protection
against adverse conditions can not be taken. In contrast to experiences in Europe, Kenya
underlines that in case of a heavy rain incidence the risk of soil erosion is higher in short
rotation forests because the trees shade off all other vegetation.
Prioritised research areas

BenwoodResearchAgenda V 1.1

1. Research on measures against diseases and pests (Austria, Kenya, UK), where Kenya
stresses out biological control methods. The UK supposes further monitoring of pathotypes and populations especially of rust fungi (BioMatNet 2004). Therefore the UK
and Germany want to investigate pest dispersal/ population dynamic and forecasting
combined with biological control options. This may include as well game management
(Germany) including rodents.
2. Genetical outcrossing and optimisation especially for willow (Austria) and a careful
selection of genetic material (Brazil). However, Kenya underlines research on a broader
genetic base and improved germplasm. The UK proposes a careful assessment if nonnative species are considered to be introduced because of possible new pests and diseases
(as well as India).
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3. Research should be further carried out on site optimisation techniques like avoiding soil
erosion
4. The UK sees a possible research need within companion planting to avoid pest damages
and understory or boundary plants to harbour or repel predator species
5. The UK and India wants to figure out appropriate mixed stands to limit infestations
(Tabbush, Parfitt, and Tubby 2002).
6. Germany states research requirements on climate, meaning species and management
mitigation as well as interaction between climate change, biodiversity and landuse
(Potsdam-Institut für Klimafolgenforschung 2010).

BenwoodResearchAgenda V 1.1
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12

Interactions with other ecosystems

The title of this chapter, “interactions with other ecosystems” already indicates that SRC
can be characterized as an ecosystem entirely by its own. The above-ground parts of the
trees are frequently harvested to keep the trees in a juvenile growth phase. So, at first
sight, they are extremely low in structural and genetic diversity. This aspect has often
been criticized by nature conservationists, who – because SRC consist of trees - have often
applied the same criteria as for managed forests.
The interaction of SRF with ecosystems can be measured in terms of its impact on the
plantation sites and their climates, soil ecology, plant and animal diversity, landscape diversity and ecology, regional water household and impact on wind speed and the effects
on erosion (Austria). It becomes measurable in relation with its previous land use (Germany), through ecological impact assessment from different kinds of management (See
BEST Project4 ) or when it gets into conflict with e.g. the Natura 2000-Guidelines. In the
UK there must be a consultation before establishing an SRF culture to check if there are
no conflicts with landscape and archaeological interests.
Another frequently used subdivision of the interaction between ecosystem differentiates
between abiotic or biotic interactions and may be extended by qualitative aspects of SRC
landscapes from the human point of view. Examples of interactions may be
1. The importance of the early blossom of the willow for bees5
2. Ecosystem aesthetics, landscape aesthetics (Germany, UK; Jose 2009)
3. Animal diversity, where Schulz, Brauner, and Gruß 2009 give examples regarding the
diversity of breeding birds, which is higher in SRC than in agricultural cropland. Overall
it seems that willows contain “both a greater diversity and higher abundance in most
animal groups than poplars”. (Austria)
4. Diversity of birds and ground beetles (Helbig and Müller 2010) as well als willow or
poplar resistance against insect herbivores (Philippe and Bohlmann 2007)
5. Interactions between human beeings and SRF (Pretzsch and Skodawessely 2010)
6. Changing shade cover based on rotation, longer rotation time than within agriculture,
habitat continuity even though the SRC is harvested regularly (landscape patchwork),
increasing biodiversity and structure
Beyond the questions about ecosystem relationships also the perception of aesthetics gets
discussed (Pretzsch and Skodawessely 2010, Bell and McIntosh 2001). This means e.g.
the aesthetic affects of tree planting within open agricultural landscapes (UK, Germany).
However, depending on the landuse system being replaced by a SRF/agroforestry system, the effects will be variable – e.g. usually benefits will result from replacing a more
intensively managed farming regime or degraded/neglected land.
Prioritised research areas
4
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5
http://imkerverein-hamburg-walddoerfer-ivhw.de/html/bienenweide.html on 12/02/10 18:55
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Ecosystem interaction
1. Impacts on the ecosystem regarding plantation sites and their climates (annual precipitation and average temperature, depending on availability of land and legal guidelines
(Deim, Groiss, and Liebhard 2010)
2. Impacts on soil ecology, nutrient availability, pools and fertilization, consequences of
agroforestry management for nutrient stores and nutrient turnover in soil and biomass
(UK, Austria, Kenya) (Marinari et al. 2007, Hölscher, Schade, and Leuschner 2001)
3. Carbon storage capacity and management optimisation (Mitchell 1990, Cotrufo, De
Angelis, and Polle 2005)
4. Impacts on the regional water household (groundwater recharge on landscape level)
Water infiltration and retention capacity and the effect on flood events (Austria, Kenya)
5. Impacts on zoology (Austria), comparison of wild life impact between different rotations
(Kenya)
6. Impacts on landscape diversity and ecology, wildlife (Austria), depending on former
land use (Germany)
7. Plant and animal diversity regarding different clones in one plantation (Austria, Germany) (Schulz, Brauner, and Gruß 2009), as structural element and as composition of
the biocoenosis
8. Adapted plantation design for providing diverse edge habitats i.e. marginal strips
planted with indigenous and ecologically valuable trees (Austria, UK)
9. Restoration of contaminated sites
10. Impacts on the wind speed and the effect on erosion
Ecosystem interaction within a human framework
1. Productivity comparison of species under different landuse systems
2. Relationship of understorey climatology, eco-physiology and productivity of agroforestry
systems
3. Study interactions among soil, micro-climate, plant and human dimensions under changing climate scenario
4. Service functions for humans e.g. recreation and tourism
5. How can SRF support (socio-) economic benefit of side uses, e.g. honey production
using willow or local fires wood (Austria, Kenya)
6. How to measure aesthetics, evaluation of opinions towards SRF (UK, Germany, Kenya)
(Bell and McIntosh 2001, Pretzsch and Skodawessely 2010)
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7. Interaction between trees and livestock (UK)
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Harvesting

The harvest of SRC plantations can be done in various different ways depending on time
and harvesting cycles, costs labour and available machineries (China, Italy, Croatia, UK,
Poland).
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Harvesting time has to take place after leaf fall (Austria), if possible in the dormancy
period before the beginning of rooting and shooting in spring (India after rain season).
Willow should be harvested at the end of winter, poplar at least at the end of March. The
stems are cut non-fraying slightly above the ground.
Manual harvest by chainsaw is quite common (Austria, China, India, Croatia). It is
preferably used in small scale SRC Plantations with a size not exceeding 0,5 hectare
(Austria) (Liebhard 2007). Further advantages: easy to operate (UK6 , Ireland 2009, Tubby
2009), flexibility, low cost and applicability and mainly used if heavy machineries are not
available (China).
Mechanical harvest within single phase systems produces wood chips out of a standing
SRC plantation in one single process (direct chip harvesting, linked to a tractor (like
Claas Jaguar HS27 , Goettinger shrub-mower-chipper8 , forage harvester) (Austria). This
technology is used for willow and for poplars with rotation time between 3 and 4 years.
Double phase intermitted systems works in the first step with a feller bundler machine.
After felling the stems are bundled and stored in bundles on the field. Then another
machine like a logging trailer with a crane or a forwarder can be used to transport the
goods to one edge of the plantation. Italy collected experiences with maize choppers (Pari
2004).
In the whole rod harvesting method the plants are harvested as entire rods (Project 2007).
Rods have to be collected and removed to storage. Handling of loose rods with a length of
6 – 8 m can be difficult, but uses natural ventilation. Machines tested have shown a range
of capacities from 4 – 6 ha/day but the crop still remains to be gathered and removed
from the site for storage.
In a plantation system, clear felling or block by block will not affect other trees nearby.
In an agroforestry system, the felling of trees can damage other crops but it would be
carried out with care not to cause too much damage (India). Soil gets damaged from stem
removing which causes erosion (India, China). Additional transportation from the field
may have optimisation possibilities (Croatia, Poland, Brazil, India)
Prioritised research areas
1. Is it possible to harvest SRF/SRC later in spring instead of the common practice during
winter? What should we lose in terms of production and coppicing ability? (Sweden)
2. What should be the final product? Chips or whole stems? What would this be depended on and how could entrepreneurs be flexible on local level? (Sweden, product
optimisation UK)
3. Further research is required into the factors limiting forest productivity over a range of
sites and conditions to determine the maximum rate of harvested biomass and nutrient
removal that each can sustain (UK, Walmsley 2008).
4. Would it be possible to construct “lighter” harvesters to avoid soil compaction during
wet (and not frozen) conditions that would allow earlier and later harvests? (Sweden)
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5. Can existing machines (e.g. corn harvesters) be used for SRC? Under which circumstances? What should be their manufacture limitations/adjustments? (Sweden) How
to increase efficiency through mechanisation (India)
6

http://www.forestresearch.gov.uk/fr/hcou-4u4j9j
http://www.ibc-leipzig.de/typo3/fileadmin/templates/dowloads/G.Doering-CLAAS_2010.pdf
8
http://www.uni-goettingen.de/de/86231.html
7
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6. Vary rotation cycles for optimisation (India), improvement of maximum harvesting
diameter and harvesting systems and techniques in general (Austria)
7. New harvesting systems needed for lowering the water content in the wood (interim
storage of logs) (Austria)
8. Impact of harvesting on understory vegetation and soil (China; India, Kenya, nutrient
flow UK)
9. SRF harvesting best practices (UK, Germany), sharing experiences (UK, China). Appropriate technology for smaller or irregular stands (UK, Kenya)
10. The influence of whole tree harvesting on forest productivity compared with conventional harvesting (UK)
11. Further research is required into the factors limiting forest productivity over a range of
sites and conditions to determine the maximum rate of harvested biomass and nutrient
removal that each can sustain. Walmsley 2008 UK
12. Optimising potentials for biomass transportation (Poland, Croatia, Brazil, India)
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Transport and storage

Transport and storage options depend heavily on the purposed value chain (Germany,
Kenya) which needs different chip qualities. Beyond that, the transport of SRF products is
in close correlation to the harvesting method (Austria) and distance (Brazil, e.g. optional
by hand in China, India). Depending on the transport distance different systems and
logistic chains are used in Austria (Handler and Blumauer 2010) (Germany)
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1. Chain I: Transport from the field direct to the end user with the tractor and tippler.
2. Chain II: Transport from the field to a storage area with tractor and tippler. Storage
of the wood chips on available? area. Loading and transport to the district heating
plant with truck tippler. The harvesting and transport is decoupled.
3. Chain III: Using of overloading vehicle which are used for the transport from the field
to the truck.
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4. Chain IV: Using of container for harvesting, storing and transport to the district heating
plant
SRF plantations are most cultivated on approachable sites; therefore, only surface transport is used. In earlier times, in forest plantations, even water as well as aerial transport
besides surface transport was used for timber extraction (Brazil, India, China additional
railway transport) Wadoo 1991-92. Even though the road transportation represent high
cost, it has some advantages on the others such as door to door delivery, flexibility on
different routes and the ability of carrying several types of cargo (Brazil, Machado and
Lopes 2000, China). Problems are high axle charges when the soil is not bearable (Austria). The harvesting machines can already have weights about 35 tons. Troubles also can
be caused by lorry transport directly from the fields.
If direct-chip harvesting takes place (UK), it causes more problems for storage because
fresh wood chip heats up and decomposes much quicker. Therefore, storage facilities
need to be considered carefully to ensure the chips dry effectively and do not decompose.
According to a Defra report (Defra 2004: 22, 23),
“the use of grain driers, ventilated-floordriers and low-rate aeration using ducts
are all being investigated, although it is currently considered uneconomic to
dry wood chip by any method other than natural air-drying. It is important
to ensure that the energy used in producing wood chip for fuel is kept to a
minimum.”
Storage is different depending on the requirement of the end user. If rod harvesting takes
place, the rods are off-loaded into heaps on farms to air dry. Loose or bundled rods dry by
natural convection and do not deteriorate with time (Defra 2004). It can take 3-4 months
to dry down to 30 % MC by this process. If chipping to a specific size and quality is
required, this is recommended for fresh material rather than dried wood as otherwise it is
more prone to shattering.
Chip drying is required because at 50 % moisture content at harvest and with the chipping
operation making the nutrients in the wood more accessible to the fungi and bacteria with
cause the decomposition, the chip can heat to temperatures in excess of 60C within a
short period. This follows a loss of caloric value and a general degrading and loss of
quality in the fuel. Spore production from the fungi, in particular Aspergillus sp. will
cause a health and safety problem (Austria, Project 2007). Scholz, Idler, and Egert 2006
have investigated on this task and stated that the best solution is to produce wood chips
of at least 80 mm size that allow for aeration and batch drying with agricultural blowers
in order to prevent mould development, fungi spore formation and loss of dry matter and
energy (Germany).
Prioritised research areas
1. Effective and efficient storage facilities for wood chip (UK), preventing decomposition
effects of fungi and xylophagous insects (Brazil, Germany, Austria)
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2. Energy efficient drying techniques for wood chip (UK), especially using air drying
(Kenya); is drying really needed? (Schulz, Germany)
3. Optimisation of supply chain from forests / agroforestry sites towards utilisation. (Austria, Brazil, Germany, UK, Kenya, India, Sweden), economic perspective: “product”
optimisation of SRC/SRF plantations at place (field) to increase product value and
allow e.g. transport to higher distances (Sweden). Rationalisation of expensive labour
(Croatia)
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4. Improve compaction techniques for wood chips to reduce the volume or water content
for easier transportation (Austria)
5. Research is required on markets for SRF products in Kenya and other African countries
(fuel wood demand and tea factories often supplied with eucalyptus)
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Utilisation of the Wood

In Austria (UK, Brazil, Italy) nearly all of the harvesting goods out of SRC plantations
are used for energy purposes (Peter Liebhard 2007, Schmidt and Gerold 2010; Sims et al.
2006). And according to the project partners from Austria, its importance will grow.
Utilisation options are:
1. Wood chips for production of heat
2. Raw material for wood pellets/ briquettes
3. Raw material for production of synthetic fuels (Biomass to liquid)
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4. Production of charcoal, used mainly as a reducing agent in the iron and steel industry
(Kenya, Brazil, Carvalho, Soares, and Valverde 1992).
The contribution of different biofuels to reducing fossil-fuel consumption varies widely
when the fossil energy used as an input in their production is also taken into account.
The fossil energy balance of a biofuel depends on factors such as feedstock characteristics,
production location, agricultural practices and the source of energy used for the conversion
process. Different biofuels also perform very differently in terms of their contribution to
reducing greenhouse gas emissions (FAO 2008).
Harvested wood has to be managed differently according to its purpose. Moisture content is the key determinant of energy value (UK, Italy, Austria). The use of grain driers,
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ventilated-floor-driers and low-rate aeration using ducts are drying options under investigation, but natural air-drying is currently considered the most economical method because
of its low energy costs.
(Austria9 ) Wood chips with moisture content lower than 35 % are used in wood chip boilers
with a power limit of about 100 kW. Wood chips with a moisture content lower than 45 %
are used in biomass district heating boilers with a power range from 100 to 1,000 kW .
Wood chips with higher moisture content than 45 % can only be used in biomass power
plants and big biomass district heating systems. Important is the fact that wood chips
are only storable if the moisture content is lower than 30 %!
SRF is not used for paper in the UK; conventional softwood is the main source and
sawmills are set up for a maximum diameter of 60 cm. Over 60 cm makes it very hard to
sell. For industrial usage the wood has to satisfy higher quality demands (Deim, Groiss,
and P. Liebhard 2010, Spieker 2010). Normally poplar is preferred. This indicates a longer
rotation period which should last seven up to ten years. At this age the fibre is long and
flexible enough to fulfil industrial standards. It can be used as raw material for (UK,
Austria):
1. Wood fiber damp slabs
2. Chipboards
3. Paper
4. Plywood industries for veneer production (Italy)
5. Paperboard
6. Pulp (2,5 to 3 tons of poplar without bark are needed for 1 ton of pulp)
SRF trees in an African smallholding or plantation context are usually used effectively.
The bottom part of the main stem is used for timber, the top for poles or posts, the
branches and tops as fuelwood while the foliage remains as mulch (UK, Austria, Italy)
or if the trees species is palatable, the foliage is used as fodder for the animals (UK,
Kenya). Different parts of trees species are used for medicinal purposes mainly depending
on specific tree species. These parts include the roots which are dug out, the stem bark
which is normally peeled from living trees, the twigs and leaves, flowers, seeds and fruits.
Resin or sap gets collected for medicinal purposes.
Prioritised research areas
1. Improve the usability of SRC/SRF wood for industrial purposes (UK, Austria) economic
uses of small and low valuable timber (India)
2. Research on the quality parameters for SRC/SRF wood, regional problem of high content of sulfur and chlorine in the wood (Austria)
3. How to solve end use conflicts for different SRF tree species (Kenya, Italy)
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4. Carbon sequestration potential of different SRF systems and resulting wood uses (Kenya),
modelling compartments and sequestration (CDM, India, UK, Austria)
5. Optimal side uses within SRF (Kenya, India), e.g. Phytoremediation (Jones, Williamson,
and Owen 2006;UK, Italy), watershed management (Kenya) (Nair 2011)
9

Interview June 2010: Martin Kerschbaumer, District heating operator Wieselburg
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6. Drying options for harvested wood from SRF/SRC systems: Efficiency in terms of time
and financial/energy cost as source for efficient bio-energy source (India, UK, Austria)
7. Increasing wood supply from SRF/SRC systems to heating and CHP plants by improving connectedness between supplier – buyer – end user (UK, India)
8. Research studies on sustainable harvesting conversion, processing, storage and marketing (India), improvement in wood processing, optimal relation between bark and wood
for burning, ash content (Austria)
9. Wood preservation, transformation, substitution and utilization of all biomass including
wasted at present (India)
10. Technological development and commercialisation of second-generation biofuels (lignocellulosic feedstocks such as wood, tall grasses, and forestry and crop residues) (FAO
2008)
11. Increasing the quantitative potential for biofuel generation per hectare of land and
improving the fossil energy and greenhouse gas balances of biofuels (FAO 2008)
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Recirculation to Cropland
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SRC/SRF plantations may be recultivated back to cropland. This will occur after the 6th
to the 8th rotation because of the constant decrease of growth after each harvest (Austria).
Farmland can either be turned back into conventional cropland or a SRC/SRF plantation
can be newly established (Liebhard 2007, Hartmann and Mayer 1997, Agrartechnik Bornim
2004). Technically this procedure is unproblematic (Große et al. 2010), but because of
the high energy input during crushing the stumps the working depth and routing should
be optimal for future purposes. Economically this costs are a motivation (Große et al.
2010) for long-lasting SRF (Küppers 1999). The costs for recirculation measures are manly
caused by the variable machinery costs using a rotary cultivator and several times other
cultivators. These measurements can also cause costs up to 300 Euros per hectare, but
only once (Stürmer and Schmid 2007).
Preferably the clearing is done in two steps. In a first step the plantation is tilled with a
forest mulching machine and the above ground parts are crushed. In the second step the
roots are chopped with available stump grinders. This intensive tilling procedure is a very
slow work. The maximum speed is about two kilometres per hour. After this it is possible
to grow maize in the next vegetation period. (Austria)
For plantations grown with Eucalyptus saligna or E. grandis, the land needs time to recover
before growing crops productively (Kenya). In some cases, farmers will burn the land of
the remaining debris and stumps to prepare the land for planting crops; otherwise it can
take many years for the land to be productive again for anything other than trees.
Rotating SRF land with crops has not been practiced on a wide basis by individual farmers
in Kenya. However, companies such as East African Tanning Extract Company (EATEC)
used to grow Acacia mearnsii for four to five rotations before growing agricultural crops
for two to three seasons. During the growing of crops, shrubs and bushes that could have
established were cut to eliminate competition for nutrients and soil moisture. Among the
pulp wood plantations, crops were grown at the end of the rotation mainly to prepare the
ground for new planting. The forest department benefitted in that the field was prepared
at no cost while the farmers benefitted through harvest of crops without paying land rent.

Fig. 16.1: Recultivation area in India
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Fig. 16.2: Recirculation of cropland in Austria.

Prioritised research areas
1. Estimation of carbon dioxide emissions after recirculation (Austria, India)
2. Decompositon of organic bound carbon compounds in roots; will the carbon stay in the
soil or not (Austria)?
3. Comparison of species suitable for SRF and their suitability for recultivation (Kenya)
4. Optimal recultivation techniques and management
5. Cost effectiveness (Austria)
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Economics and final issues

Costs occur during plantation initialising, maintenance, harvest and recirculation (Austria,
Stürmer and Schmid 2007), see example within Table 3, (from UK, Defra 2004) However,
the economic calculations depend on planting method, plant density, rotation period, harvesting technology, logistic chain, harvested biomass per ha and revenue for the produced
biomass. All these factors are influencing each other and get influenced by several more
site conditions and therefore do not allow a general view about SRF (Austria).
1

1
2
3
4
5
6
7
8
9
10
11
12

2

Activity
Subsoiling (if applicable)
Ploughing
Rotovating
Power harrowing
Ring or Cambridge rolling
Rabbit fencing (no existing fence)
Attach rabbit fencing to existing fence
Topping in year 2
Spraying (labour and machinery)
Fertilizer spreading (labour and machinery)
Cost of fertilizer (40:20:20)
Costs of herbicide

Payment rate
43.21(35¤
£)
55.55(45¤
£)
74.07(60¤
£)
30.86(25¤
£)
15.43
¤
(12.5 £)
1.85(1.5¤
£)
0.74(0.6¤
£)
30.86(25¤
£)
6.79(5.5¤
£)
6.79(5.5¤
£)
101.23(82¤
£)
24.69(20¤
£)

3

per
ha
ha
ha
ha
ha
m
m
ha
ha
ha
ha
ha

BWResearchAgendaTables.costSRFUK
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Tab. 17.1: Approximate on-farm costs per/ha for SRC. (Provided by Dr Geoff Hogan at the Biomass Energy
Centre, Austria).

Costs for planting material depend on the spacing within the plantation. These costs
can vary between 1.000 and 2.000 Euros per hectare depending on the used clone and
additional plantation material. The biggest cost factor in willow plantations is the fencing
if the trees may be harmed by game.
Harvest of SRC plantations in Austria is preferably done with a forage harvester with a
special application from Biomass Europe. The hourly costs for this machine are fixed but
the harvesting costs according to oven dry tons wood are variable and can be influenced
by the owner of the plantation. The maximum harvesting diameter at cutting height of
SRC plants must be taken into account.
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In Brazil the SRF plantations are sometimes not considered to be attractive for landowners
due to the delay in receiving the revenue. As Eucalyptus plantations are a long-term
investment, the landowner must be prepared to spend money for the establishment and
maintenance of the plantation and to receive the revenues only after 5-7 years.
On the other hand SRC systems in the UK heavily rely on subsidies (e.g. Energy Crops
12 13 14 Scheme (ECS)10 , Short Rotation Coppice Scheme11 , Scottish Rural Development
Plan12 ). However, farmers in Kenya do not receive subsidies for tree planting and grow
them according to market demand and domestic necessity.
Prioritised research areas Research questions regarding the economy of SRC touch
almost all possible research areas; however, the two main foci can be named regarding
the economic optimisation of SRC plantation and the optimisation and optimal project
implementation within Non Annex I countries. Economic questions regarding CDM and
JI initiatives have been discussed in chapter 2, References see CDM specifics.
1. Relation between distance of SRC/SRF and end user: which limit is the economical
acceptable? (Sweden) Suitability for smallholders (Kenya)
2. Options for modification of the final “product” of SRC/SRF plantations at place (field)
to increase product value and allow e.g. transport to higher distances? (Sweden)
Optimising value chains (Fuelwood, gasification? Germany)
3. Independence from subsidies (UK), Options for funding (Brazil)
4. Lower investment costs (Brazil, Kenya), lowering rotation retention of SRF (Brazil),
alternatives for eucalyptus SRF, lowering financial risks (GB, small farmers Germany)
5. Economic risk assessment, e.g. regarding climate (Kenya), economic options of multipurpose usages (Kenya)
6. Regulated acquisition of superior germplasm
7. How to organise information exchange for economic options (market information and
farming options, optimising land with expert knowledge) (Kenya)
8. Harvesting options, e.g. green leaves for fodder (Germany) multi-purpose agroforestry
systems
9. CDM Credit project establishment with private companies (Brazil) Challenges? Opportunities? (Kenya)
10. Economical optimisation of contract-based cultivation and harvesting for smallholders
(Kenya). Lowering the financial risk from the farmers (via guaranteed annual payments
regardless the yield of wood chips) encourages farmers to invest in long-term (20 year)
operations such as SRF (UK). Could this work in a Kenyan and/or ‘African’ context?
11. Rationalisation of expensive labour (Croatia)
10

http://www.naturalengland.org.uk/Images/ECShandbook3ed_tcm6-12242.pdf
http://www.forestserviceni.gov.uk/index/publications/forestry-grant-information.html.
http://www.dardni.gov.uk/index/rural-development/rdp-campaign/rdp-campaign-development-funding-schemesand-pr
rdp-campaign-development-farming/rdp_campaign-short_rotation_coppice.htm
12
http://www.scotland.gov.uk/Topics/farmingrural/SRDP/RuralPriorities
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Agroforestry

Several different Agroforestry systems are known in Austria and have prevailed in some
consequences in Germany. E.g. since the first settlement and cultivation of Central Europe, the fruits of oak and beech trees were used for feeding livestock. When forests were
cleared for gaining arable land often those trees were spared. Intensification and specialization of agriculture lead to a constant decrease of those scattered trees (Stockinger,
Gretzmacher, and Vogl 2001). More examples are the utilisation of fruit trees, hedges as
living fences against wind (Deim, C. And P. 2010), trees used as landscape element within
Austria’s agri-environmental program (ÖPUL 2007) and for firewood production, using
hay from leaves or forest pasturing (e.g. Christmas trees plantation and run of for sheep)
and silvopastoral and silvoarable management (UK, Brazil; Oliveira et al. 2009). In the
last decades farms with multipurpose Agroforestry usages get more and more used by city
dwellers for recreational purposes (Deim, C. And P. 2010). Agroforestry has only little
importance in Austria (UK), and if applied it is highly diverse in combining forest, agriculture and livestock in one area (Stockinger, Gretzmacher, and Vogl 2001). In Germany,
forestry and agriculture are generally strictly separated, especially when it comes to silvopastoral systems with some exceptions in mountainous areas in the south of Germany
(Luick and Schuler 2007).
However, Agroforestry has a great importance in other countries like India. Environmental
sustainability and meeting social and economic objectives are identified to be important
(Lal 2004). Main aspects of research focus towards sound management of farm resources
and optimal farm productivity, reduction of degradation and improvement of environmental quality, life of small and rural farmers and above all to maintain sustainability in farm
production and productivity (Chauhan and Ritu 2005). Agroforestry is an activity requiring forestry and agricultural knowledge. It is largely the social factor, in particular, the
distribution of benefits and costs that determine whether a farmer views agroforestry as an
opportunity, a burden or an impossibility. Agroforestry is a complex inter-related matrix
of soil, plant, animals, power, labour, capital and other inputs controlled by farming families and influenced on varying degrees by political, economic, institutional and social forces
that operate at many levels. Therefore, farmers are subjected to many socio-economic,
biophysical, institutional, administrative and technological constraints (Nair 1999).
Farmers (Kenya) have some concerns about incorporating trees onto their farms and choose
to grow them in specific niches depending on the trees’ attributes and associated impacts on
crop production. When looking at coffee agroforestry systems in Central Province, Kenya,
the main tree species found to be intercropped and grown on boundaries was Grevillea
robusta; there was a lack of diversity in terms of agroforestry trees used with coffee because
of the perceived impact on coffee productivity and space available for planting (Lamond
2007). Plantation owners have their own concerns about selection of good genetic material
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suitable for the relevant site conditions as they rely more heavily on just one or two
species unlike smallholding farmers. Some of the major concerns are (Srinidhi, Chauhan,
and Sharma 2007):
1. Competition for soil nutrients and moisture between trees and agricultural crops.
2. Risk of damaging crops when harvesting the trees
3. Uptake of water by trees
4. Matching species with site conditions
5. Management of complex situation – lack of focused research
6. Not optimal economic production efficiency
7. Introduction of plant clones and exotic plants
Since most farmers have no knowledge in agroforestry, there are trials on where to plant
which trees in what scheme in order to reach the desired effects. Most often this will not
be a kind of alley-cropping but rather the establishments of landscape elements in certain
locations that have a positive influence on the whole system (Vetter 2010, Vetter 2006).
Prioritised research areas
1. Domestication, utilization and conservation of superior agroforestry germplasm. Screening crop varieties, species, spacing etc. (Kenya, India, Brazil with eucalyptus).
2. Maximum on-farm productivity of trees and agroforestry systems (farm budget analysis,
India)
3. Improving tree product marketing for smallholders
4. Reducing risks enhancing land productivity. Agroforestry Tool box as decision support
tool (Kenya, India)
5. Improving the ability of farmers’ ecosystems and governments to cope with climate
change using agroforestry as alternative or optimised cultivation technique (Brazil,
India)
6. Developing policies and incentives for multifunctional landscapes with trees that provide
environmental services.
7. What are the ecological (UK and Kenya on different scales, India) /economic/social
implications (Kenya, India)?

BenwoodResearchAgenda V 1.1

8. Impact of global change towards productivity (India) and carbon storage (UK) regarding alternative land uses (Klik et al. 2009)
9. Management of agroforestry with SRF (Kenya, India, UK, Austria), Management of
eucalyptus agroforestry systems (climate, soil, phytotoxins management; Brazil). Beyond that: ecological optimisations like root competition, DBH, density, LAI, canopy
spread etc. (India)
10. How to establish knowledge transfer to rural farmers (Brazil, Kenya, India)
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Dr. Galinskis speech in Barolo/Italy 2011

This speech was held on the second day of a public seminar which was also the final event
of the Benwood project. The event was held in Barlolo/Italy in June 2011. The title of
Dr. Galinski’s presentation was “Research needs of A/R CDM”.
The according presentation slides as well as the original audio-recording can be downloaded
from the Benwood website. The following is a literal transcription13 of the audiorecording
13

After some smoothing out regarding the style of spoken language.
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of the speech.
If you feel you could have responses to the below scientific questions please do not hesitate
to contact directly
Dr. Wojciech Galinski: wgalinski@unfccc.int

19.1

Main speech

Fig. 19.1: Dr. Galinski from the UNFCCC explaining spontaneously to the
audience the concept of CDM projects.

I will give you a short presentation of something which will be entirely different than
what ever you have heard today and yesterday because all previous speakers told to about
what they know. I will tell you about what I wish to know. So it is an entirely different
approach. I will talk about research needs for CDM afforestation. These research needs
will be organised around
1. the eligibility of land
2. demonstration of additionality and
3. determination of the baseline.
And in the end I will go via the estimation of changes in carbon pools, pool by pool. And
please be ensured again that I am talking about this what I wish to know. I’m not talking
about this what I know. So just to avoid misunderstandings.

BenwoodResearchAgenda V 1.1

So first:
Eligibility of land You know that eligibility of land is a little bit a difficult issue because
it refers to a very special date which is 31 December of 1989. And in many cases there is a
lot of problems with collecting data on that day. So our research needs could concentrate
on credible and cost-effective means of demonstration of the additionality of land. We
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would very much welcome a concept of regional eligibility of land. So let us not talk about
the eligibility on a “100 m by 100 m” basis. Let us try to see additionality in a broader
perspective. This is the concept of regional eligibility of land.
What we wish to see from science: We would like to see the development of innovative
methods for merging incomplete - and here I would like to repeat the word incomplete remote sensing data with again incomplete ground truth data which were possibly collected
in another region of similar ecology and land management in order to estimate at least
ground cover and tree height in those areas which are planned for a project activity since
the end of 1989. So I’m not talking here about quite trivial comparing remote data, remote
sensing data with ground truth. I’m talking about incomplete data, both remote sensing
and incomplete data on ground truth. We would like to welcome science to think about
the development of statistical approaches to describe land-use patterns allowing for the
determination of the share of the forest at the end of 1989 at the local level. This local
level is again not hundred metres or Hector let’s talk about tens of hectares.
What else would we like to see: This is the development of innovative methods applicable
to large areas for the determination of the share of forests at the end of 1989. This should
be something comparable to a large-scale forest inventory. We would like to get really the
big picture how it looks like. We think about further development of the participatory
appraisal techniques for the quantitative identification of land use and trends in land
use. You know that participatory rural appraisal allows you to obtain data which are not
recorded in official statistics but which are recorded in the memories of local people. The
question is: How to use these memories to obtain a quantitative identification and not
only qualitative identification that something was somewhere, but:
1. How much was it?
2. What kind of questions should be applied?
3. What kind of innovative statistical method should be applied?
Taking into account these questions, answers to them, current measurements to get some
quantitative information which would be applicable for the end of 1989. We are not talking
about typical statistics. We would like to see some kind of really innovative methods
combining different sources of data with a major use of participatory rural appraisal to
get some kind of numerical data on land use and trends in land use. I know that this
is not easy what I am talking about and I don’t want you to think that we really know
nothing in CDM because what I will show you here is as I said in the beginning what I
wish to know. I’m not talking about what I already know. I was invited to present this to
a science community and my thought was that it would allow you to think about future
scientific projects. It could bring you some kind of ideas which you could put in front of
your science foundation, institutions to get some kind of results which might be applicable
not only within your area of research but also for CDM.
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So with respect to the baseline:
1. We would like to know something about credible and complete list of baseline scenarios:
How to do it?
2. If you see a rule area - what are possible uses for these lands and the evolution of them?
Assuming that there will be no forest there. This situation will be as it is now.
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3. What kind of factors will affect it?
4. What are levels of generalisation?
Just not to get into this type of analysis, one Rupee of price increase in something and one
Rupee of price increase of something else would make everything an entirely different. We
want to see a broad picture. It should not be sensitive to 1 Rupee change. It should show
some kind of broad picture, where we are. We would like to invite science to work on the
assessment of the impact of land use and land use 10 year legislation on land management
decisions in developing countries.
If there is a certain type of legislation:
1. How does it affect land use management decisions?
2. How do farmers react to a certain type of legislation?
This could be done in two different directions: The first one is to assess how it works
without CDM but also to assess how the system would react to a possible programme of
activities under CDM. Then the policy would be changed.
1. How will this system react? Will new forests occur there?
2. Will farmers change their way of thinking as it was in the past?
3. What to do to change farmers’ minds?
4. What to do to allow them to question if this what they did it in the past is really this
what they want to do in the future taking into account the change. Because farmers
are usually very inert in their decisions. Sometimes they just prolong into the future
something which was good 20 years ago, 30 years ago. What my father did. I will do
and my son will do the same.
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So we need to find via science: First we need to understand what makes them think this
way and then was could be the action what could be an intervention which could change
it in such a way that we would obtain a full understanding from farmers because we don’t
want to force them to change their way of behaviour because you know we will not stay
there day and night if they do not like our forest, these trees will disappear one by one,
or 10 by 10, night or day, it does not matter. You know, one day you will come: There
was forest there, now there is nothing there. Why? Because farmers were not convinced
that this what is there is good for them. So we need to think this way.
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Fig. 19.2: Removed (harvested) trees in China. Photograph:
http://www.hardrainproject.com.
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Next: Simple methods of land-use dynamics in developing countries applicable at local
scale. It needs to be simple, we must not spend years on collecting data. The best way of
the creation of these simple models would be to use data already available at local level,
at local governments. So the word “simple” here is just crucial. If this model is not simple
it is of no interest to CDM. It may be a very good publication, but CDM will not benefit
from it.
The development of regional default data related to tree shrub biomass and its growth
taking into account the different types of management whatever, whatever. We have got
part of this already in Asia’s (Khamzina, see Fig. 19.3) presentation which was yesterday.

Fig. 19.3: Dr. Galinski speaking with Dr. Khamzina about the development of a
new CDM methodology right after the speech of Dr. Khamzina.

This presentation (of Asia Khamzina) made me think that another a methodology is
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possible for this system which was described in her presentation. We need more things
like this, more studies like this. In an ideal situation, future ideal situation, we would
like to limit the number of measurements. So the more default factors we know the fewer
measurements are needed. For example it is almost impossible to measure in a feasible
way at a project level changes in carbon in soil. Due to the variability first and second due
to cost. If you want to go into some kind of meaningful result you need to have, you know,
hundreds, thousands, it depends, a couple of thousand sample plots. With carbon you go
half a metre apart from the previous sample plot and you will get an entirely different
result. You need to do it in such a way that is numbers of samples increase. So we would
like to get something like default. We don’t want to go via sampling. We know that over
an area which is large enough this type of intervention results in a carbon increase, let us
say, of 0.4 t per hectare and year over, let us say, 20 years. We do not need to get data
which are very much precise. if the real truth is 50 tonnes, let us say, we will be happy if
we get that it is 40 or 30 or something like this. We will not be happy at all and we will
not accept it if it is 60. But because of a conservative approach in CDM we will accept
everything which is an approximation from below. So science may also advance for the
purpose of CDM while applying a conservative approach. If we don’t know something let
us assume what would be the maximum possible number and now let us say with some
kind of known probability what is the most probable number which is below. Let us try
to put it. Okay with these numbers 95 % of the results will be lower than this one. And
only 5% will be higher. With this type of error we could enter this error into equations
and we will go ahead without measurements, just based on default data.
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Demonstration of additionality We have already tried to discuss it here a little bit
and perhaps it was not very good that we tried to do it on the example of a concrete
project. We had not enough data and perhaps our trial was not 100% precise but what
do we want to know: What we want to know is the identification of elements affecting the
decision on the afforestation of an area of land and the development of a simple model
allowing for the identification of CDM impact on decision-making. This is what I have
tried to explain yesterday on additionality. So what is this?
We need a model which would describe what is the impact of CDM on the decision to
afforest a certain type of land. This impact does not have to pass by ncessarily via money.
Sometimes this impact goes via just the pleasure of being involved in some kind of global
process. It is also via the possibility to get new sources of funding because banks could
have some kind of policy which promotes certain types of actions which are important on
a global scale. Or any other financing services could be involved which would be never
involved in the absence of CDM. So here we should think about a broad range of possible
impacts of CDM on decision-making. And money - which is important in the end - needs
not to be the most important factor at the level of decision-making because benefits could
be consumed at other levels.
The development of standardised approach for financial analysis of afforestation reforestation projects. This should be based on the typical projection of incomes and costs just
over the duration of projects. And it should include A/R specific elements such as the
value of land and the residual value of a project. During this conference we have not
talked too much about the economy is A/R via acquiring land, planting trees and how
this could be as compared to a typical non A/R project. In non-A/R projects we have a
very well defined term which is depreciation, and we usually apply the term depreciation
to assess costs. In A/R this is not necessarily the best approach.
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Land itself could increase in value in clear contrast to the decreasing value of any machine
which you buy for industrial CDM. So what will be the residual value of the project
in non-A/R, in industrial projects: the residual value is almost zero. Nothing is there,
everything should be replaced after 20 or 30 years. In A/R we may just reach the age at
which our system will be able to sell its values at the highest price. So we need something
like this. I would like to inform you that the additionality tool for A/R CDM is considered
for revision. And this revision should make this tool first simpler, second more oriented
towards needs of A/R. We would very highly appreciate if you or any other scientists
known to you knows something about this. We would like to know the names if not their
publications. We may need their consultation, we may need them as experts. When we
will be revising the A/R additionality tool. So your help to CDM is not only via your
personal input but also - by personal input I mean your own research - but also if you
could propose to us names of other people who might know something about it. We will
contact them. We perhaps hire them as experts. We need to facilitate the evaluation
of barrier analysis. Many of the presentations which were held here cover the issue how
difficult it is this afforest a piece of land. But all of them were qualitative, you know, how
to make it more measurable? It does not necessarily mean that type of difference needs
to be translated into numbers. This difference is, let us say from 4 to 5 points. Another
one is from 7 to 8 points.
Now, we may also have some kind qualitative approach. But this qualitative approach
should give us at least boolean results: yes or no. We want to know if this is a real barrier
for A/R or if this is just a perceived barrier, so something which is apparent, something
which in fact does not exist but people think that this is a barrier.
Standardised methods for collecting data on barriers What kind of data should
this be? We don’t want project participants to open a research project. This is absolutely
not possible. This is a commercial project. They will not do any research. They have’nt
any source of money beyond this what they sell as a result of a product of their own hands.
No science foundation/institution will give them any money to collect data. So this data
should be very simple. In the most preferred situation the data should be already there. It
should be already collected some where. We should just know whom we should ask for this
data: Local government, local mayor, local chief - whoever is this, you know. Some local
important someone who knows this and how to use it. So we need innovative thinking.
We need a thinking really “out of the box”. Money is small or does not exist. So all data
must be the cheapest possible. No research project. No one will open a research project
first to go into A/R CDM. This is not possible. You also: You are talking about A/R of
lands. You are not able to perform any kind of scientific analysis on your own before you
would go to your project.
But if science could offer us information on
1. What kind of data?
2. From where to collect it?
3. How to combine them?
BenwoodResearchAgenda V 1.1

4. What kind of approaches? Perhaps numerical, perhaps statistical.
We need to think out of the box.
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Now I will go via carbon pools. so we have five carbon pools in CDM which is above
ground, below, deadwood - whatever: The art of reading is known to all of you so I will
not read what is readable on the screen.
Importance - the first two are very important.
We know that soil organic carbon may be very important and there are certain types of
ecosystems in which it could be of the same level of importance as biomass or even higher.
For example mangrove ecosystems (Fig. 19.4): We know that carbon sequestration in
sediments in mangrove ecosystems could be really very high, much higher than the biomass
which is there. but sorry – we do not have the data! We know that there someone said
something, here someone confirmed, whatever. Either studies are very limited, wherefrom
we cannot draw any kind of broader conclusion. All studies are inconclusive. or just
qualitative. This is important. This is what have just said. We need this.

Fig. 19.4: Mangrove forests. Photograph: http://www.earthtimes.org.

We need more data on mangrove ecosystems for example on soil organic carbon.
Litter I am forester from my background. I don’t know forest ecosystems where litter
could be important but please correct me if I’m wrong. I would be happy to admit that
I’m wrong. If you are sure that I’m wrong, please provide me with data because I do not
think that measuring litter would lead to something. There must be default factors for
this.
Deadwood Possibly significant.
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Now I will go into more into detail with all of them:
Above-ground biomass What is our goal here: Facilitation of effective and accurate/conservative estimation of tree biomass. What we need: Regionally applicable default
standardised baselines which would include rates of preproject biomass accumulation and
data on preproject biomass. CMP (conference of the parties serving as the meeting of the
parties to the Kyoto Protocol) has requested the executive board to develop standardised
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baselines. I see space for standardised baselines in A/R. I would be more than happy if
it happens that A/R will deliver the first standardised baseline and it is possible I think.
It is possible. Let us combine our efforts and then, if we have a standardised baselines,
then doing a project is very simple. The baseline is known. I will do nothing to measure
anything there because this is just based on defaults. I will only check the applicability
conditions, now this, this, this, that. These applicability conditions should also be for
human beings and not for universities. So it should be easy to be checked. Some kind of
good questions.
And then let’s go ahead. We need data based on allometric equation of tree biomass. We
need methods for cost-effective development of allometric equations. So if you have this
type of species which does not exist in your National Forest inventory, does not exist in
any kind of publication, not even the Indian in Journal of Ecology has never mentioned
this type of species which you want to plant somewhere in Nepal, you know, wherever
in India, northern India was mentioned. We need to have a method for cost effective
development of allometric equation. We should do it based on a limited number of trees,
typical measurements, something which could be done in the field, in the field which means
that you will have a balance, you will have two people and a rod. Between these two, and
they will just raise it a little bit. So if we could have methods like this: simple but also
as precise as possible, methods for doing it, for doing it in the field. If you have harvest,
you may produce equationstogether with wood but you need to know how. We would like
to see some kind of proposals from the scientific community. We need also simple but
innovative methods for estimating aboveground biomass in mangrove forests and shrubs
or appropriate default data.
It is not easy to estimate aboveground biomass in a mangrove forest. What will you
measure? The basal diameter? DBH? And while you measure what will you be doing?
You will be looking around all the time: Where is the snake, where is the snake? Is it
here, or is it there? Is the tiger coming?

Fig. 19.6: Bengal tiger in the Sundarbans
mangrove forests of India. Photograph:
http://www.treehugger.com. There specified as source: Suvajit Sengupta via flickr.

BenwoodResearchAgenda V 1.1

Fig. 19.5: Snake in mangrove forest.
Photograph: flickr.com

You know, this is the reality there. You cannot do it like: okay, yes there, yes there, all,
yes okay: 10.5 oh no 10.4 or perhaps 10.6, I’m happy, I have got the results. No, you will
do it like this.
So we need something. We need innovative methods for this. Preference goes to appropriate default data. The same with shrubs. Shrubs may be important in A/R. But how
to assess the biomass of shrubs? It is very difficult to get there to the base of this shrub.
And if you talk about DBH: which one is the representative one? This branch which is
here, this one here or this one there? This is the problem. Science. let’s solve it together.
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Below ground biomass We would highly appreciate a database of default shoot root
ratios for different species, groups of species, possibly by age classes. If this data exists,
we are very much interested to know about it. We would like to know innovative methods
for the estimation of root biomass in mangrove forests. Because these mangrove forests
may be highly important in coming future. So root biomass in mangrove forests in this
situation which I have just described to you. How to do it? Scientists, researchers, think a
little bit. This is a good question, how to do it. root shoot biomass in coppice forests. We
know that root shoot standard ratio does not work well in coppice forests because if the
root biomass is calculate by multiplying aboveground biomass by the root shoot ratio there
are periods where there is zero aboveground biomass or near zero but roots are already
there. So there is no need to go via unnecessary emission. This is an apparent emission
if we apply a standard approach here. So we need something for root shoot biomass,
for the root shoot ratio in coppice forests. Some kind of dynamic equation, something
which would take into account not only aboveground biomass but also the stage of system
development.
Let’s go further.
Deadwood Simple and direct methods for field estimations of deadwood. What we use
now is a method which was developed in the United States for assessing what could be use
of harvest residues. And in fact this method is applicable to harvest residues more than
to deadwood in regular ecoystems. So we would like to get some kind of simple method.
This method should be based on very simple measurements. This one which we apply now
is based on such a measurement in which you take a steel rod, a steel wire, 50 m, you go
ahead, so you have 50 m, and then you go and you just measure the diameter of dead logs
which are crossed by this wire. So we need something very similar. Innovative statistics
is needed here. I say that this is a real area for showing excellence for scientists, how to
do something.
What would be the precision of this? As I said, we need conservative approaches. We
do not need to go into the last percent of deadwood. We need to know. you know, if we
know 80% is very good. If we know 70% it is still applicable. But if we know 10% then
PPs are losing. They are losing credits. So conservative default ratios within deadwood
and aboveground biomass of trees. Is it possible, is it thinkable? How dynamic is it? How
to approach it? And aboveground biomass of trees is already measured in A/R projects.
So my aim here is to do it in such a way that we will not add measurements. I would like
to limit measurements to this what has to be done to measure this what will be sold: So
diameter, height, perhaps the number of trees, species, something like this. I do not want
to extend the number of measurements. I would rather like to get simple coefficients or
equations. The equation may be complicated, I do not care, you know. Our computers
are patient, they will do what ever we wish. If the method is complicated but it does not
require any more measurements we will just put it into the procedure, into the computer,
we will place it at our website and project participants will only put their number and
they even do not need to know how complicated it is. There might be Monte Carlo inside,
whatever you wish. Do whatever you wish, they will not see it, but they will put their
number and they will get an answer. And that’s it. So the issue is to decrease the number
of measurements and not to simplify methods. From a mathematical point of view, from
a statistical point of view it may be very, very complicated. Equations, whatever you
wish, exponential, trigonometrical, whatever you wish, I do not care. It may be imaginary
space. But they will not see it. Only the number of measurements count. Okay you have
read everything else, so I will not read it for you.
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Litter Indirect field estimation of litter because no one will measure litter. So how to
do it? Conservative default ratios between litter, biomass and aboveground biomass of
trees. Please do not treat this list as exhaustive list. This is just an indicative list. If you
know how to better formulate this question which I have formulated over there just let me
know. This is not what you need to follow one by one. Just as an idea as an indicative
list of questions.
Soil organic carbon We need indirect measurements for the field estimation of soil
organic carbon. We cannot measure it in the classical way. We need for example: it could
be a simple method, something based on pedometric functions or something which would
require only the measurement of something which is doable in the field, so for example
you collect a certain volume of soil and you get the dry biomass. This is doable in the
field, because the volume is taken by the special shape of unit which you will do and you
may dry it, even putting it to the sun. So you can do it, but we cannot go into any kind
of laboratory analysis, transportation of samples, you know, first from your field to the
road, then from the road to the laboratory. You know these are kilometres and everything
is here on your back. It is very difficult to perform soil carbon measurements. Really, you
will feel everything. So conservative defaults for the estimation of changes in soil organic
carbon after typical special management practices, soil disturbances. This is to have the
possibility to credit our project participants for changing their management systems:
So they did something like this, now they will change it. And we need to know, what is
the impact of this change on soil organic carbon. How to do it in a simple way as I said.
Conservative, not necessarily the last 10% but it should be very simple so it will pay.
The rate of change of soil organic carbon under plantations:
How will it change when we go from an agricultural situation to a plantation situation?
Indirect methods for the field estimation, conservative defaults of changes in sediments.
Again mangroves. So those of you who are interested in mangroves could really make of
these problems here.

I don’t want you to think that we know really nothing. We know a lot. This what is here
was a list of issues which would make our live much easier than it is now. But please be
sure that whatever it is in A/R is based on solid science and on very sound assumptions.
These are assumptions which do not allow any credit which is not justified in reality to
be issued.

Glossary
A/R afforestation and reforestation. 4, 48, 49, 51–53
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afforestation In spoken language: ’To establish forest where there was no forest since
long.’ Direct human-induced conversion of land that has not been forested for a
period of at least 50 years to forested land through planting, seeding and/or the
human-induced promotion of natural seed sources. See also reforestation. 44, 48,
49, 56
agroforestry Agroforestry is a collective name for land-use systems and practices where
woody perennials are deliberately integrated with crops and/or animals
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’on the same land management unit. The integration can
be either in spatial mixture or temporal sequence. There
are normally both ecological and economic interactions
between the woody and non-woody components in agroforestry.’ (ICRAF (International Centre for Research on
Agroforestry) 2010). Fast-growing trees grown in short rotation forestry (SRF) can be part(s) of an agroforestry sys- Fig. 19.7: Agroforestry (Morhart,
tem
Springmann, and Spiecker 2010)
. 55
Annex I Countries ’Annex’ refers to the according Annex I of the UNFCCC. Countries
listed in the annex signed and ratified the Convention. Having signed and ratified
also the Kyoto Protocol these countries have to submit accordingly inventories on
their emission performance.A literal explanation of ’Annex I’ as drawn from a publication of the secretariate of the UNFCCC (UNFCCC (United Nations Framework
Convention on Climate Change) 2008) is: ’The annex to the Convention specifying
which developed country Parties and other Parties to the Convention have committed themselves to limiting anthropogenic emissions and enhancing their green house
gas (GHG) sinks and reservoirs’. The complete list of these countries can be found
at the website of the UNFCCC secretariate at http://unfccc.int/parties_and_
observers/parties/annex_i/items/2774.php. 55, 56
biochar Based on Verheijen et al. 2010:
1. biochar understood as a concept in soil improvement: ’charcoal (biomass that
has been pyrolysed in a zero or low oxygen environment) for which, owing to
its inherent properties, scientific consensus exists that application to soil at a
specific site is expected to sustainably sequester carbon and concurrently improve
soil functions (under current and future management), while avoiding short- and
long-term detrimental effects to the wider environment as well as human and
animal health.’
2. biochar understood as a material : the charcoal itself that is integrated into soil
in order to raise its carbon content
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. See also terra preta. 22, 57
Clean Development Mechanism (CDM) As a westernised state, e. g. Germany,
take some money and provide it as a sponsor to somebody who replaces the coalfiring of a power plant in India by biomass firing. This project reduces the CO2
emissions of that power plant in India with a co-financing by German money. The
according emission reduction is accounted for in your national balance, i.e. in the
balance of the state who has provided the co-financing to the project. You do this
as a state because with the same amount of money you would have achieved less
emission reductions with a project in your own country (measures achieving the same
CO2 reduction would have been much more expensive). In reality there are several
actors involved in such a project, such as foremost a project developer who also trades
the according emission reductions on an international market. This project-based
trade in GHG emission reductions across countries is the logics of so called CDM
projects. This project type is foreseen in the Kyoto Protocol as an eligible means of
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westernised countries to fulfil part of their emission reduction obligations. Within
Europe and also in other regions of the world according internal trading schemes
and obligations have been established in line with the Kyoto Protocol framework.
India, in the above example is called a ’host country’ (hosting the project). 2–4, 13,
17, 35, 40, 44–50, 56
CMP (conference of the parties serving as the meeting of the parties to the Kyoto Protocol)
The Conference of the Parties (COP) serves as the meeting of the Parties to the Kyoto Protocol. This is referred to as the C onference of the parties serving as the
M eeting of the P arties to the Kyoto Protocol (CMP). Source: http://unfccc.
int/kyoto_protocol/kyoto_protocol_bodies/items/2772.php. 50
companion crop The annual crop which is combined with trees in agroforestry systems,
e.g. wheat in poplar-wheat systems. 5
green house gas (GHG) Any gas contributing to the global green house effect. In a
stricter sense the six gasses as listed in Annex A of the Kyoto Protocol:
1. Carbon dioxide (CO2 )
2. Methane (CH4 )
3. Nitrous oxide (NO2 )
4. Hydrofluorocarbons (HFCs)
5. Perfluorocarbons (PFCs)
6. Sulphur hexafluoride (SF6 )
. 54, 55, 57
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Kyoto Protocol At the ’Third Conference of the Contracting Parties’ to the UNFCCC,
which took place in Kyoto/Japan in December 1997, the participating countries
adopted a protocol additional to the UNFCCC. This ’Kyoto Protocol’ came into
effect legally in 2005 and expires in 2012. The protocol sets a specific time period –
known as the first commitment period – for Annex I Countries to achieve their GHG
emission reduction and limitation commitments: 2008-2012. The protocol has put
in place an accounting and compliance system, in particular, laying down specific
rules concerning the reporting of information by Annex I Countries that have to
demonstrate that they meet their commitments. Rules have also been established for
the accounting of assigned amounts and the trading of Kyoto units. The compliance
system established by the Protocol is one of the most comprehensive and rigorous
systems to be found in international treaties. 54–56
legume Plant belonging to the family of Fabaceae (or leguminosae). Legumes are able
to convert atmospheric nitrogen to nitrogen which is fixed to the soil via bacteria
(rhizobia) which live symbiotically in root nodules of the legume. Legumes can be
agricultural crops such as beans, fodder crops such as clover or alfalfa but as well trees
such as Robinia pseudoacacia, Sesbania sesban, Erythrina fusca, E. poeppigiana or
Inga spp. Do not mix the English ’legumes’ with the French ’legumes’ which means
’vegetables’. 22
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mycorrhiza The symbiosis between a fungus and a plant.
Sometimes the fungus itself is called mycorrhiza.
The plant profits from the fungus’ ability to extract nutrients from the soil better than the plant
would be able to do with its root system alone. The
fungus passes on nutrients to the plant whereas the
plant supplies the fungus with carbohydrates. The
mycorrhiza symbiosis is often used on purpose to
enhance plant growing, e. g. of trees, by applying special fungi to the soil around the plant’s root
system, e. g. via spraying.

.

Fig. 19.8: Root tips with
Ektomykorrhiza of the fungus genus ’Amanita’. Source:
www. wikipedia. org .

22
Non Annex I countries ’Annex I’ refers to the according annex of the UNFCCC. Non
’Annex I’ countries are countries not listed in this ’Annex I’. Sometimes also referred
to as ’CDM countries’. Mostly this term is used in the Benwood project for indicating
countries with a low share in mechanisation and low labour cost. The complete list of
these countries can be found at the website of the UNFCCC secretariate at http://
unfccc.int/parties_and_observers/parties/non_annex_i/items/2833.php. 40
reforestation In spoken language: ’To establish forest again where once forest already
had been but was lost due to various reasons.’. In a more scientific wording that
reflects the definition within the framework of CDM: Direct human-induced conversion of non-forested land to forested land through planting, seeding and /or the
human-induced promotion of natural seed sources, on land that was forested but
that has been converted to non-forested land. For the first commitment period of
the Kyoto Protocol, reforestation activities will be limited to reforestation occurring
on those lands that did not contain forest on 31 December 1989 (= ’before 1990’).
See also afforestation. 53
Secretariat of the United Nations Framework Convention on Climate Change
An organisation managing the issues of the UNFCCC. Headquarters are in Bonn/Germany.
Website: http://unfccc.int. 54, 56, 57
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short rotation coppice (SRC) Intensive SRF practice using fast-growing tree species
with an ability to coppice from harvested stumps, i.e., new shoots can emerge from
the rootstocks or stools. Harvests are performed in short intervals (2–6 years) depending on plant material, growth conditions and management practices. Planting,
maintenance and harvesting is predominantly done by established agricultural practices allowing farmers to use methods and machines already known from annual
crops. According to this definition, SRC falls within SRF and simply represents a
more specialized practice of SRF. 57
short rotation forestry (SRF) A forest production practice for dendromass, here (i.e.
in the
project) mostly for energy purposes, with the basic principle to grow
fast-growing deciduous tree species on forest or agricultural land at a denser spacing
and with elevated maintenance (e. g. regarding weed control, irrigation) than in
traditional forestry. The biomass is harvested when the trees have reached a size that
is easily handled and economically sound, typically after c. 2 to 25 years. The size at
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harvest depends on plant material, growth conditions, culture technology and desired
end-product, and is frequently between 10 and 20 cm diameter at breast height.
SRF may be regarded as forestry or agricultural practice, depending on whether the
plantations are grown on forest or agricultural land. To make a sharp distinction
between forestry and short rotation forestry is often impossible. A subcategory of
short rotation forestry is short rotation coppice (SRC). 54, 56
terra preta Def. from Verheijen et al. 2010: Colloquial term for a kind of Anthrosol
where charcoal (or biochar) has been applied to soil along with many other materials,
including pottery shards, turtle shells, animal and fish bones, etc. Originally found
in Brazil. From the Portuguese ‘terra’ meaning ‘earth’ and ‘preta’ meaning ‘black’.
See also biochar. 54
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United Nations Framework Convention on Climate Change (UNFCCC) http:
//unfccc.int. The UNFCCC was one of three conventions adopted at the 1992 ’Rio
Earth Summit’. It is a frameworking convention to stabilize GHG concentrations
at an ’acceptable’ level. Most important element of the convention is the assignment of emission reduction caps to countries. In expert papers the UNFCCC is also
sometimes only briefly referred to as ’the Convention’. The implementation of the
convention is managed by the according UNFCCC secretariate. 4, 54–56
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