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Executive summary

This publication supports processes related to
rural communities’ resilience in implementing land
restoration of the Great Green Wall Programme
on the ground. It serves a dual purpose of
consolidating biophysical operations and socio-
economic assessments, and is mainly built on
five-year interventions and practical experiences
gathered through the Food and Agriculture
Organization of the United Nations (FAO) Action
Against Desertification (AAD) project.

The first part of the publication is a practical
manual expressly created for stakeholders,
partners, non-governmental organizations and
community-based organizations. Its purpose

is to guide the implementation of restoration
operations at scale on the ground, as well as to
provide detailed practical instructions based on
the successful results obtained by Action Against
Desertification. The manual describes how to
implement an innovative approach to the large-
scale restoration of degraded land for small-scale
farming. This innovative approach consists of
combining enrichment planting of native woody
and fodder grass species and the preparation

of large-scale land for rainwater harvesting and
soil permeability. 50 to 100 hectares would be
the appropriate plot size for mechanized deep
ploughing. This is linked to the social mobilization
and support of communities to the interventions
in their communal lands. Overcoming technical
and research challenges of identifying and
planting the right species in the right place and at
the right time to benefit the maximum rainwater
for their growth is a key success factor. Between
10 and 12 well-adapted and useful woody and
herbaceous species are combined and planted
per hectare so as to maximise investments while
sustaining resilience on the ground.

The restoration approach also opts for effective
and less costly/cumbersome direct sowing,

which produces tremendously good results

when applied appropriately during the optimum
planting period. These steps and process together
have been devised as a resilient land restoration
approach, which is highly adaptable to varying
ecological and socio-economic conditions and
therefore suitable for replication and scaling up.

The second part of the manual introduces a
methodology for socio-economic assessments.
This easy-to-use approach is based on household
surveys and can be used by socio-economic
experts to monitor, evaluate and assess the
socio-economic impacts of the large-scale
restoration interventions. Household surveys are
not only used for impact assessment but can
potentially serve to collect useful data needed

to plan a restoration intervention. Quantitative
information is collected through carefully chosen
standardized questions to households as samples.
The proposed questionnaire is divided into three
sections: (i) a first section structured around the
Sustainable Livelihoods Framework, used here as
a benchmark in order to assess livelihoods in a
holistic way, (ii) a set of generic questions drawn
from FAO’s FIES or Food Insecurity Experience
Scale and (i) data on the main species used at
household level. The role of the interviewers or
enumerators is crucial, as they deliver the survey
to households and are primarily responsible for
the quality of the data collected. An informative
socio-economic report is produced after analysing
the resulted data collected through statistical
tools. Such assessments are used for decision
making, as baselines and/or for evaluating social
impact of biophysical interventions on Great
Green Wall communities.
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Introduction

Desertification is commonly found in the Sahel in
areas where vegetation has gradually been depleted
over the years. This phenomenon is caused by a
combination of factors such as climate variations and
other constraints e.g. land clearing, over-grazing,
deforestation or firewood collection, as well as
exposure to wind and water erosion. In fact, climate
change has produced dramatic consequences in the
region and is expected to adversely influence the
effects of socio-economic changes, in addition to
potentially trigger faster rates of degradation and
landscape-scale impoverishment.

In its 2018 report on land degradation, the
Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES, 2018)
warned that land degradation negatively affects

3.2 billion people and represents an economic

loss in the order of 10 per cent of annual global
gross product. According to IPBES, “combatting
land degradation (...) is an urgent priority for the
protection of the biodiversity and ecosystem
services that are vital to all life on Earth and to
ensure human well-being.” Furthermore, sustainably
managed and restored trees and forests in Africa’s
drylands have the potential to reverse land
degradation and therefore contribute to poverty
reduction, food security, biodiversity and climate
change mitigation and adaptation. Many well-tested
land restoration practices and techniques, both
traditional and modern, currently exist. Overall, the
benefits of restoration are up to ten times higher
than the costs (IPBES, 2018; Nkonya et al., 2016).

Restoration is recognized as a priority by all of
the countries of the Great Green Wall (GGW) in
terms of intervention, due to the fact that it offers
the dual benefit of biophysical, as well as socio-
economic enhancement. In fact, it is estimated
that 166 million hectares of the GGW core area are
in need of restoration and 10 million hectares must

be restored each year (Berrahmouni et al., 2016), in
order to reach this target by 2030. Out of this total,
GGW countries and international partners have
recently pledged at the UNCCD COP 14 to restore
100 million hectares of degraded agro-sylvo-
pastoral lands in the GGW by 2030. Moreover,
African countries at the Paris climate summit

in 2015 have committed substantial pledges for
initiatives such as the AFR100 with the goal to
also restore 100 million hectares in Africa by 2030.
The question however of how these numbers can
feasibly be transformed into reality remains. How
do we win the race against time?

There is no miracle solution: restoration will require
substantial investments, including equipment,
restoration seeds and capacity development.

In addition, it will require the support of the
appropriate policies, governance mechanisms and
financial assistance, as well as other incentives
that facilitate the implementation of on-the-ground
restoration interventions on a massive scale. This
manual supports rural communities’ resilience in
implementing on the ground of the Great Green
Wall Programme. It serves a dual purpose of
consolidating biophysical operations and socio-
economic assessments, and is based mainly on
five-year interventions on the ground and practical
experiences gathered through Action Agaisnt
Desertification.

This publication is divided into two parts: the first
one is a practical manual based on a step-by step
innovative approach for large-scale restoration of
degraded land for small scale farming. The second
part presents how socio-economic surveys can be
used to collect key socio-economic data needed to
implement and monitor such interventions. Both
these sections complement each other and aim to
support large-scale restoration interventions in the
context of the Great Green Wall.






PART |

LARGE-SCALE
RESTORATION
IN PRACTICE

Although many land restoration projects have been successful, other large-scale restoration projects
implemented mainly in the drylands on a global scale have been less successful due to poor technical
choices (species and seeds used, inappropriate nursery and planting techniques) as well as an ineffective
top-down approaches. To address this issue, in 2015, FAO developed global guidelines on dryland
restoration (Berrahmouni et al. 2015) that provide general recommendations for both practitioners as well
as policy and decision-makers, in an effort to support restoration efforts in drylands. Small-scale or pilot
initiatives have also been unable to address the restoration issue at the right scale and can no longer be
the only answer. On the other hand, although dryland communities have valuable traditional ecological
knowledge and land management skills (such as the half-moon and Zai techniques used in the Sahel),
these techniques can be very demanding and do not suffice when confronted with rapid climate change
(Sacande and Berrahmouni, 2016).

This section describes an innovative approach which combines enrichment planting of native woody and
grass species with large-scale land preparation for rainwater harvesting and soil permeability. Enrichment
planting to re-establish native species has proven to be a more effective method as opposed to natural
regeneration, which tends to be very time-consuming or at times ineffective in severely degraded
landscapes. In sum, this approach is a powerful tool for combating desertification and is often the only
possible option for the restoration of large areas in rural/country side agro-sylvo-pastoral systems.

This approach has been tested in the field with good results through different GGW projects including
FAO's AAD project (fig. 1) implemented in different landscapes, ecosystems and countries. Several of the
key contributing elements are:

the use of high-quality restoration seeds and propagation material of well-adapted native species;
the combined use of a mixture of grasses and woody species to maximize land cover;

the use of mechanized land preparation techniques in order to reach the targeted scale;

V2 2 7

the participatory approach based on community needs and preferences for species and
restoration objectives.

This manual section has been designed for all levels of technical staff (village technicians, project
staff in NGO’s and other organisations) in addition to other restoration practitioners in the Great
Green Wall as well as in other dry areas.
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FIGURE 1.
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n Community mobilization and restoration planning

Experience has proven that the level of community participation in the early stages

of restoration often determines its degree of success. Communities are central to the
restoration process and should be directly involved in the selection of the village sites
to restore, species selection, seed collection, and planting and management of the
restored areas. Selection of the species used in restoration in particular should be
carried out based on the community’s needs and priorities, and in consideration of
ecological adaptability.

Engaging with rural communities

Depending on the type of initiative and because resources are often limited, the villages and
communities destined to benefit from a restoration initiative may require a selection process, which
must be carried out according to criteria jointly agreed upon with the partner organizations. The
criteria could include:

- the availability of degraded land to be restored in the villages;

- the motivation and commitment of community members to take part in restoration activities,
including in-kind contributions such as land and labor;

- the non-existence of unresolved land issues and / or inter-village disputes;
- the pre-existence of community-based structure and organizations.

Communities have the right to give or withhold consent for any restoration project or development
activities affecting them or their territories, and to conduct their own collective discussions

and decision making independently. For restoration to succeed, an agreement on behalf of the

local population for the undertaking of restoration work should be reached. The concerns of the
community must be clearly understood and therefore consultation meetings with communities are
essential, not only for an assessment of their commitment and motivation, but also for responding to
their needs and requirements. Finally, the participatory assessments provide a better understanding
of the needs and concerns of the communities. The Free, Prior and Informed Consent is an approach
of critical importance that provides a set of principles guaranteeing indigenous communities their
rights (FAOQ, 2016).

Selecting the restoration sites

The choice of restoration sites within a community should be the result of a collective decision-
making process, and the ideal site for a larger scale intervention should be easily accessible to
villagers. The restoration sites must not be too large for easier management, therefore, 50-100

LARGE-SCALE RESTORATION IN PRACTICE | 5



A MANUAL FOR TO SUPPORT RURAL PART |
LARGE-SCALE COMMUNITIES” RESILIENCE IN
RESTORATION AFRICA'S GREAT GREEN WALL

hectares for a community or a village would be optimal. In fact, this area size, as opposed to a
smaller size, allows for more cost-effective mechanized interventions (tractor, plough, transport
and operators). A clear land tenure is a prerequisite for launching the restoration activities, hence,
priority must be given to an agreement that clearly specifies the restoration objectives, the precise
location of the sites to restore, and how to reach the restored sites within the village management
committee. Box 1 provides specific guidance on how to select restoration sites.

BOX 1. Selection of restoration sites

SITES TO SELECT

Areas of a maximum size of 50-100 ha/village, not necessarily in one piece
Sites that are suitable for cultivation, grazing, or forestry
Sites which are easily accessible by villagers

NEE X

Sites for which an agreement-in-principle of the local population has been reached to
initiate restoration activities

SITES TO AVOID

Land with unresolved land tenure issues or possible conflicts
Areas that have gold (or other) mining potential

Sites located on or close to transhumance routes

Sites where other partners have started working

Sites with public infrastructure

X X K K X X

Areas with rocky outcrops

Selecting and prioritising useful species for restoration

One of the key elements of a successful approach presented in this manual is the fact that the
communities determine which species (of trees, shrubs and grasses) should be used for restoration,
basing their choices on the utility of each given species. Questionnaire based surveys (as detailed

in Part Il of this manual. A sample questionnaire on species preferences is also provided in Annex 3)
and focus group discussions serve as useful tools for collecting traditional or cultural knowledge on
how species are currently being used, or were used in the past, as well as their presence/absence in
the area. Indeed, traditional ecological knowledge is often poorly documented and sometimes can be
identified only through local surveys.

6 | RESTORATION IN ACTION AGAINST DESERTIFICATION
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Once the preferred species have been identified, a prioritization exercise is carried out by community
members with respect to restoration objectives (often sylvo-pastoral, agro-ecology, agro-forestry

or agro-sylvo-pastoral), their lifestyles, well-being aspirations as well as the how to generate income
from their environment.

It is important to improve local knowledge and to establish preferences for species with accurate and
up-to-date botanical and ecological analyses, given that some of the species chosen by community
members may not be suitable for restoration in the targeted sites, as in the case of exotic species or
species better adapted to humid environments. Native species should always be given preference,
as they are well adapted to local ecological conditions and therefore more suitable for the natural
re-establishment of the native flora and fauna species and enhance ecosystem resilience (Sacande
& Berrahmouni 2018). Exotic species, on the other hand, may cause major environmental disruptions,
especially the invasive species that compete with and/or replace the native species. These species
can be used for other purposes, however, this is not advisable if the sustainability/resilience of
landscapes is the targeted outcome.

It is recommended to maximize the diversity of planted species on a given site allocated for
restoration, in order to maximize ecological functions and therefore build better resilience on the
ground, for example, a minimum of 10-12 species planted per hectare, combining grasses, trees
and shrubs.

Over 200 plant species have been identified as useful species to rural communities across GGW
countries through household surveys, including at least 86 tree species. 50 of these species (trees
and grasses) are being planted in the six AAD African countries. Figure 2 shows the top 32 preferred
native tree species in the AAD project, ranked by percentage of use by households. The remaining

8 exotic tree species, shown in yellow in the diagram, are commonly used by rural households and
although they are not planted for land restoration, some of the exotic trees may still be planted in
home/nutrition gardens or agro-forestry systems.

Plant use data has also been recorded and used to classify species. Species with multiple uses
and high market value were usually preferred, with the largest proportion of the given uses being
respectively destined for human consumption or in veterinary medicine, food and livestock feed.
Acacia senegal (also known as Senegalia senegal) for example, is a major restoration species with
multiple uses, mainly for improving soil fertility and producing gum arabic, but also as a source

of food, fodder and honey (NGARA, 2017, Sacande and Parfondry, 2018). The categories and
proportions of the various uses of species selected and preferred by communities is presented in
figure 3 (see also Annex 1) for the planted species, both grasses and trees.

LARGE-SCALE RESTORATION IN PRACTICE | 7
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FIGURE 2. Main preferred tree species by households (AAD African countries)

A diversity and important plant species selected and used by AAD ’s rural communities for their
livelihoods in eight African GGW countries (Burkina Faso, Ethiopia, the Gambia, Mauritania, the Niger,
Nigeria, Senegal and the Sudan). Only native species are planted for restoring degraded lands in agro-
sylvo-pastoral landscapes, while the exotic species are planted in home-gardens.
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FIGURE 3. Classification of species by use category

Classification of species by use category defined by the rural communities in AAD intervention areas.
Out of the 150 preferred species, most are multipurpose. Plants with high market value were usually
preferred, with the largest proportion for human and veterinarian medicine, food and livestock feed.

25.1% Medicine for human
18.5% Food for human
17.7% Feeds for animal
11.1% Fuels

10.3% Social use

7.4% Veterinary medecine
3.7% Bee plants

3.3% Materials

3.0% Environmental uses
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Planning restoration activities on the ground in the Sahel

The Sahel is characterized by a long dry season from eight to nine months and a short rainy season
from three to four months. Land restoration, like rainfed agriculture, is rainfed agriculture, is closely
associated with the seasonal calendar. The rainy season is relatively short, starting around June
and ending in September, and planting should be carried out at the beginning of the rainy season to
maximize plant growth when rainwater is available.

Planting activities are labor-intensive and very time-consuming. As a result, finalizing the planting
activities within a short rainfall period while growing crops at the same time can be challenging.
Hence careful planning is crucial so as to ensure that the appropriate species are planted in the right
place and at the right time.

The geographical coordinates and surface areas are determined as soon as the sites have been
selected, after which the following key elements can be determined:

- the quantity of seeds required (Section 2);
- the quantity of nursery seedlings required (Section 3);
- the workload required for land preparation (Section 4) and plantation (Section 5).

The restoration calendar (fig. 4) indicates how the main restoration activities are spread throughout
the year.

KEY RECOMMENDATIONS

CHAPTER 1
Gather information locally Carefully select a site of Restoration starts well
on the preferred local degraded land within before planting; activities
species and their uses the reach of the local need to be planned well in
and complement it with community, with clear advance so that planting
the appropriate scientific land tenure and with a can start as soon as the
knowledge related manageable size. first rains have settled.

to adaptability and
propagation.

LARGE-SCALE RESTORATION IN PRACTICE | 11
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EJ Mobilizing quality restoration seeds

The origin and quality of the propagation material used (seeds, cuttings or seedlings)

are key factors that require close attention for a successful outcome of degraded land
restoration. Indeed, failure to mobilize and use quality seeds can jeopardize the entire
restoration project or program. Mobilizing large quantities of quality seeds for restoration
planting of thousands hectares of land can be difficult. While forest seed handling should
be done by specialized seed centres, cascade training of community technicians on wild
seed collection is recommended, as they live next to the natural stands. This process is an
investment for a longer term but a good exit strategy when external funds phase out.

Determining the right quantity of seeds needed and planning seed collection
Seed quantity is a key variable of any plantation initiative that should not be underestimated and
must be determined as soon as possible to allow for the timely mobilization of quality seeds. The
quantity of the seeds is determined by the weight (and not by number of seeds) as this variable is
easier to use whether the seeds be collected or purchased. An estimated amount is determined for
each species once both the surface area to restore, as well as the planting and seeding density are
known. In addition, it is important to take into account the following variables so as to determine the
weight of the seeds required:

- 1000 seed weight (i.e. the weight of 1000 seeds of a given species);

> germination response (i.e. the percentage of seeds of a given seedlot likely to germinate over
a given period).

Examples of these two variables can be found in the table in the annex, or through an online
database such as the Seed Information Database (SID) of Royal Botanic Gardens, in Kew (UK).
Table. 1 provides an example of the calculation of the quantity of seeds needed based on a mix of
three tree species (acacia, baobab and balanites). In practice, however, trees should be combined
with herbaceous seeds of 3-4 species and, due to the fact that grasses generally produce smaller
seeds (thousands in 1kg), it is recommended to plant about 5 kg per hectare.

Furthermore, appropriate training of the seed collectors is important and requires careful planning as
seed collection requires specific skills and practice. Botanical skills, knowledge on seed physiology
and tree climbing skills are some of the qualifications required. In addition, due to the fact that

seeds are a forest resource, the legal aspects regarding seed collection rights (national regulations,
permits, local rights, etc.) should be taken into consideration when planning seed collection,
especially in protected areas and private properties.

LARGE-SCALE RESTORATION IN PRACTICE | 13



TABLE 1.

EXAMPLE: What is the quantity of seeds needed to restore a 100 ha village woodlot
(planting density of 1000 woody seedlings per hectare) using the following species: 70%

of Acacia senegal, 20% of Balanites aegyptiaca and 10% of Adansonia digitata? What is the
minimum quantity of seeds to collect on wild stands of A. senegal (population of 75 trees),
B. aegyptiaca (population of 210 trees) and A. digitata (population of 90 trees)?

Determine the germination response and 1000 seed weight of each species

Species Germination 1000 seed Seed
response weight (g) weight (g)

Acacia senegal 100% 46 0.046

Balanites aegyptiaca  100% 3.000

Adansonia digitata 80% 0.399

Calculate the weight of seeds to mobilize

Species Number of seedlings Total number of Weight of seeds
per hectare seedlings (100 ha) needed (g)

Acacia senegal 0.70 x 1000 = 700 70000 70000 x 0.046 = 3220

Balanites aegyptiaca  0.20 x 1000 = 200 20000 20000 x 3.000 = 60000

Adansonia digitata 0.10 x 1000 = 100 10 000 (10 000 x 0.399)/0.80 = 4 987

Determine the minimum number of trees where the seeds will be collected,
and the quantity of seeds to collect per tree

Minimum number of trees Minimum weight of seeds

Species for seed collection (1/3) to collect per tree (g)

Acacia senegal 25 3220/25 =129

Balanites aegyptiaca 70 60000/70 = 857

Adansonia digitata 30 4987/30 = 166
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Collecting quality seeds for restoration

The propagation material should match the current and expected climate and environmental
conditions in the desired restoration site as closely as possible (Bozzano et al., 2014), which is why
local (native) species are preferred to exotic species. Generally, seeds are collected from the wild
plant populations near the restoration site in order to minimize the need for transportation and in
addition, because the site conditions are similar in terms of climate, altitude and soil type.

Genetic diversity is an important aspect of climate and environmental change, as it can widen the
range of opportunity and provide solutions that will increase the resilience of the restored area.
Genetically eroded or fragmented stands should be avoided, therefore, maintaining the appropriate
distance (i.e. 50-100m between trees or grass patches) where seeds are collected is strongly
advisable. The constraints associated with low genetic diversity include a higher risk of diseases and
a reduced adaptation capacity to environmental change, such as drought.

In a natural forest, seed collection (table 2) is recommended in different areas and from as many
trees as possible, that is at least 25-30 trees. Although collection seeds from a smaller number of
trees or from more accessible trees (e.g. near a road) could seem more tempting, collecting seeds
from a larger plant population ensures much better seed quality with a broader genetic base.

Whether in a natural forest, grassland or in a cultivated area, seed collection is carried out on plants
growing in the same environment as the target site (including soil, altitude, and rainfall). Plus trees
are chosen according to the desired characteristics (tree height, straight stem, foliage density, etc.)
irrespective of site conditions. For example, a tree that is taller than others may be so because it

is growing in better site conditions, and not necessarily because of its genetic predisposition. The
best period to collect seeds is when trees reach a peak in seed production and most of the fruit has
reached maturity (i.e. min 60 per cent mature fruit). Seed collection should be carried out close to
the time of their natural dispersion period in order to maximize quality.

It is important to consistently keep track of the seed provenances for performance monitoring and
information input in the country forestry seed center database, provided one exists. Record-keeping
is essential to evaluate the quality of the material used, as well as to provide information for future
decisions on where to collect seeds. Adoption of the OECD' forest scheme is recommended to
ensure systematic record-keeping.

" The OECD Scheme for the Certification of Forest Reproductive Material - http://www.oecd.org/agriculture/forest
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TABLE 2. Seed collection in practice

~> Collect seeds from a minimum of 25-30 trees, -» Grass seeds are usually collected and
with a distance of 50-100 mm and take seeds husked by hand, using similar techniques as
from different branches of the tree. for cereal harvesting.

- Only undamaged normal seeds are to be > Seed collection should be carried out at
collected. Avoid amassing seeds already maximum maturity or close to the time of
dropped or found on the ground or old seeds. their natural dispersion period. In the Sahel,

- Fruits/seeds are usually collected by hand, pelesleciodepeialieni e n by

. . . November.
after clearing them or by placing recipients
or a tarp on the ground, and shaking the - Always carry out seed collection in non-
tree by hand or with a tool or rope. fragmented populations, and in the largest

populations possible.

Seed handling and storage for restoration

Depending on the species, tree seeds need to be extracted from the fruit (depulping) after drying
when necessary, before cleaning (avoid mechanical cleaning that can damage the seeds) and sorting
out (through filtering, flotation, sifting, etc.).

It is important to understand the parameters that affect initial seed quality, as this will determine viability,
germination, response, longevity and long-term conservation. In each population the proportion of

viable seeds after storage in given conditions depends on mainly two variables: moisture content and
temperature. In sum, a higher initial viability will ensure a higher germination response and seed longevity.

Seed longevity potential is affected by environmental parameters during development as well as by
post-harvest conditions; for example, immature seeds dried too quickly will have a reduced longevity.
The period during which seeds can be stored varies considerably between species, provenances

of the same species and storing conditions (see box 2) and need to be stored in the appropriate
conditions corresponding to the type of seed (recalcitrant, intermediate, orthodox). Recalcitrant
seeds cannot be stored for long periods and should be planted as soon as possible.

Generally, grass seeds are orthodox and can be stored after being properly dried in a cold room
for many years, but infrastructure and maintenance is costly and not necessarily required for short
term use of restoration collections. In fact, under ambient conditions these seeds maintain their
germination capacity for several years.

16 | RESTORATION IN ACTION AGAINST DESERTIFICATION



A MANUAL FOR
LARGE-SCALE
RESTORATION

TO SUPPORT RURAL

COMMUNITIES” RESILIENCE IN
AFRICA'S GREAT GREEN WALL

PART |

BOX 2. Classes of seed storage behavior and how to store seeds short term

What they are

How to store them

How long they

Examples

can be stored

Orthodox Can be dried to a low
seeds moisture content and
are resistant to low
temperatures for long
periods (dry seeds)
Intermediate  Survive drying but
seeds cannot survive at low
temperature
Recalcitrant  Cannot survive
seeds drying below a
relatively high
moisture content and
low temperatures

(moist seeds)

Need to be dried
(<5% humidity
content) and stored
in clean and sealed
containers. The
containers need to be
stored in a cool, dark,
dry and ventilated
place, and preferably
above ground to
avoid humidity

years

Need to be dried
and stored in normal
temperatures

Need to be kept in
a relatively humid
environment
(humid sawdust or
vermiculite) and
sowed as soon as
possible

conditions

Source: Royal Botanic Gardens Kew, 2019 (Sacande, Sanogo and Beentje, 2016).

KEY RECOMMENDATIONS
CHAPTER 2

Estimate the quantity (in
weight) of seeds needed
for each species to cover
the entire restoration site
and identify where and
how to mobilize these
seeds.

Plan seed collection
carefully and maximize
genetic diversity within
collected seeds by
collecting seeds from large
populations and from a
large number of trees
within the population.

LARGE-

One to two years, but
up to more than five

Up to a year in ideal
storage conditions

One to two weeks
in ideal storage

Panicum laetum
Most Acacia sp.

Khaya seneglensis
Balanites aegyptiaca

Boscia senegalensis
Detarium
microcarpum

Pay attention to

the specific seed
characteristics that will
determine how and for
how long the seeds can
be stored before being
planted in a nursery or
directly in the field.
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E Producing quality nursery seedlings

Nurseries are structures where seedlings are grown from seeds before being planted
out in the field for site restoration. The production of seedlings is more costly and
labor-intensive than seeds that are sown directly. However, planted at the right period,
the chances of survival are greater only in the first years because they have been
monitored in a nursery where they have been given the appropriate amount of water,
shade, and protection from browsing. In the AAD project, results show that for most of
the species after three rainy seasons, there is hardly any growth difference in the field
between a direct sown seedling and a nursery planted seedling.

Establishing and managing a nursery

If a nursery needs to be established, it is important to define its exact role and production capacity, as well
as the dimensions and location respectively for the restoration site. The nursery should be kept as close to
the plantation site as possible to reduce the need for transportation, as it can be very costly to transport
thousands of seedlings across long distances (1 potted seedling weighs about 1kg! The establishment of
a temporary nursery on the restoration site or in a nearby vicinity, to be removed once the seedlings have
been planted, is also a feasible option.

Firstly, the establishment of a village nursery near the settlements would allow easier access to both water
and for the working force. A local nursery could prove to be more effective as it would reduce the need to
transport seeds being collected in stands close to the restoration site.

Secondly, nursery management would focus on the organization of the nursery’s main areas and equipment.
Specific areas are required for: seedling beds and propagators (seed-trays), substrate preparation and
composting, storage of equipment (including picks, shovels, mattocks, shovels, wheel barrows ...).

Finally, sound management serves to keep detailed records of the production, deliveries, accounts, and
nursery reports. Production reports record inputs (and dates) such as: seeds, compost, treatment products
and outputs such as seedlings produced and their quantities, qualities, germination responses, age and
information for monitoring seedlings growth. Keeping track of their performance is important to improve
the quality of the seedlings produced and increase cost-effectiveness. In addition, accounting documents
are needed to record the sales and/or outflows of seedlings, expenditures and revenues, as well as lists

of clients and their contact details. Substrate quality is a key element that directly affects the growth of
seedlings and generally consists of a mixture in variable proportions of:

- soil;
->  anutrient-rich material such as compost;

= aninert material such as sand.
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Different proportions of these components will result in different soil textures, hence a different
capacity for retaining water and nutrients. The ideal nursery substrate must have good cohesion and
be able to retain sufficient water and nutrients without producing heaviness (should not stick to the
hands), in addition, soil organic matter and fertility should be high. It is strongly advised not to re-use
soil from old bags while preparing for new seedlings, so as to prevent contamination.

In order to facilitate the nursery management, the seedlings should be organized in rows, taking into
account the following:

- The space between rows should allow easy access for maintenance;

- The number of seedlings per row should be constant, to facilitate counting, transport, etc.

Pre-treating seeds for germination

Each seed has a specific type of dormancy (exogenous, endogenous, both) and in order to lift
dormancy it is important to follow a specific protocol, which may include: mechanical/scarification,
boiling and acidification treatments.

Throughout the AAD project, innovative techniques have been tested on the use of inoculation with
micro-organisms to improve the establishment and performance of seedlings in the field (box 3). Such
treatments can be applied at different stages for example, the coating of seeds, nursery seedling
inoculation, or soil inoculation in the field. The results are very promising and these techniques are
being further developed for their mainstreaming and widespread adoption.

BOX 3. Inoculation with micro-organisms applied to restoration planting (seeds and seedlings)

Some natural symbiotic associations provide mutual benefits between soil

micro-organisms (bacteria and fungi) and the plants through their roots. These

associations include:

- Rhizobium (bacteria) which facilitate nitrogen fixation through root nodules
(mostly in legumes - e.g. Acacias - and pulses);

> Mycorrhiza (fungi) living on the plant roots and providing mutual benefits,
and present in 95% of tropical plants.

Inoculation consists of integrating inoculum (i.e. living micro-organisms) into the

plants by using different techniques. Experiments have shown that the inoculation of

propagules in the nursery with appropriate mycorrhizal fungi or rhizobia and other seed

treatments facilitates and accelerates the establishment of seedlings by increasing

water and nutrient uptake, and improves the vitality of plants subject to various stressful

situations. Different inoculation techniques that can be applied to restoration

planting include: 1. Coating of seeds for direct sowing. 2. Nursery seedling

inoculation. 3. Soil inoculation in the field.
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Nursery seedlings management and preparation for the field

Watering is best carried out by hand (with a hose or a watering can). Frequent watering is needed
until the seeds germinate, since germination is always triggered by water. During hot conditions
watering should be carried out in the evenings to minimise evaporation. Mulching and protection
from strong sunlight are also effective to reduce rapid water evaporation. Weeds compete with
the seedlings for water and nutrients and should therefore be removed, furthermore, they also can
impede air circulation and be potential sources of pathogens.

After 3 to 6 months, seedlings of the faster growing species such as Acacias usually reach a height
of 40 to 80 cm in height. Generally, at this stage of development their chances for survival should be
good, once in the field. Slower growing species such as Balanites aegyptiaca, Faidherbia albida, and
Tamarindus indica may need a total of 14-18 months in nursery before plantation. For this reason,

it is important to plan restoration projects carefully with a timeframe that is long enough for the
production of species that grow more slowly.

Two weeks before planting the water quantity can be divided into two parts, in order to facilitate
adaptation to dryer conditions and the seedlings must be watered abundantly the day before
planting. If using bare-root seedlings they should be extracted from the soil carefully, using a
sharp knife or pruning shears to prune the roots. Some seedlings will require pruning their aerial
part as well. The roots need to be protected with humid soil and placed into propylene bags for
transportation to the planting site.

KEY RECOMMENDATIONS

CHAPTER 3