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Summary

The "Paris Agreement" adopted at the 21st Session of the Conference of the Parties (COP21) to the
United Nations Framework Convention on Climate Change (UNFCCC) advocates the achievement of
equilibrium between man-made emission and absorption of greenhouse gasses in the second half of
this century. In the IPCC climate and society scenarios, large-scale alterations in the energy system
and land utilization are suggested, namely the necessity for the expansion of renewable energy and
large-scale tree planting. In order to increase the rate of afforestation, land is needed; however, in
regions with favorable climatic or soil conditions, priority is given to agriculture for food production.
Therefore, land available for afforestation is limited to barren or degraded areas in developing
countries, where the soil has undergone considerable degradation due to agriculture or animal grazing;
dry woodlands, where vegetative regeneration is difficult because there is little rainfall and while on

the other hand marsh forests and mangroves, where the problem is an excessive wetness, etc.

This project began in 2017 and is scheduled to be implemented over the next 5 years, till 2021. The
objective of this project is to gather and systematize relevant techniques established previously, and
at the same time to search out and identify other techniques relevant to tree planting, which could be
useful to successfully carry out tree planting in regions and land beset by these limitations (referred to
collectively below as "degraded land"), and, to establish and popularize them as techniques that can

be used in the field through field trials.

1. Analysis and organization of existing forest restoration techniques

Each of the principal restricting factors when carrying out forest restoration in degraded land were
specified: aridity, excessive wetness, strong acidity, disease, fires, etc. Concrete issues associated with
each of these factors, the regions in which these issues are observed, and information on existing forest
restoration techniques were gathered and organized on this basis. In addition to information obtained
through literature searches, technical information, including information obtained through interviews
with authorities experienced in applying this information, was filed as potentially useful for

application in the field.

2. Construction of a forest restoration technique database for developing countries (Technical Note for
Tree Planting Practices (TPPs))

We developed the Forest Restoration Technique Database for Developing Countries (A Technical
Note for Tree Planting Practices (TPPs)) and maked it available on the Web to offer information to
private companies, NGOs, etc., which are interested in forest restoration in developing countries. In
2021, we provided information on characteristics of major silvicultural species for each type of

degraded land.



3. Field trials

The forest restoration techniques analyzed and organized in this study include desirable techniques

with wide ranging applicability, as they are comparatively novel for forest restoration. Measures to

address conceivable issues with these techniques were clarified through field trials, and they have been

established as technically and economically applicable in the field. It should be noted that the field

trials were carried out not only by Japan International Forestry Promotion and Cooperation Center

(JIFPRO), the body carrying out this project; techniques used in this project were also publicly offered

by private corporations, and after analysis of their possible applications, field trials on techniques

expected to make a major contribution to effective forest restoration were commissioned to the

authorities that had proposed them.

Field trial (1) |Development of Techniques for Long-Rooted Seedlings in the Central Dry Zone of
Myanmar by Using M-StAR Container

Conductor  |JIFPRO Place Kenya

General In order to promote root system development before the severe dry season,

description  [conventional afforestation methods in tropical drylands required (1) digging large

holes, (2) irrigating in the dry season, which made planting cost higher. In addition,
(3) the planting season is short, and the timing of planting coincides with the busy|
farming season, made it difficult to devote time and effort to afforestation activities.
Therefore, as an alternative to the conventional method of afforestation in arid lands,
we developed the technology of "long-rooted seedlings,” which are grown in a
container that is deeper than usual. Since water always remains in the deep soil layer|
even in arid areas, if long-rooted seedlings can promote rapid root development in the
deep soil layer after planting, it is expected to solve the above issues (1) to (3).

In this study, the M-StAR container developed by the Japanese was used as a seedling
container for long-rooted seedlings, as M-StAR containers are made of rolled-up,
sheets, making it easy to remove the seedlings and reuse the containers at a low cost.
In 2017~2020, five tree species were used in the central drylands of Myanmar to
clarify the methods of raising long-rooted seedlings and their effectiveness after
planting. In 2021, to expand the application area of long-rooted seedling technology,
a "screening of tree species capable of producing long-rooted seedlings" was
conducted, using 25 species of plantation trees in Kenya's drylands. ~After about 5
months of seedling cultivation, roots of 23 tree species had reached a depth of at least
40 cm of the 60 cm deep long-rooted seedling container, and 15 of them had reached
the bottom (60 cm deep), indicating that long-rooted seedlings could be grown in
almost all tree species. However, only several species had firmly formed a root pot

from top to bottom (0-60 cm deep), indicating that further seedling culativataion was




necessary for the other species until the root pots were solidified. We plan to
continue to grow seedlings and identify the required seedling period for each tree

species until the root pot becomes hardened.

Field trial (2)

Development of Techniques for Afforestation in Semi-arid Area by Using SAP

Conductor

JIFPRO Place [Japan

General

description

There has been little scientific verification of the properties and effectiveness of SAP
as a soil water retention material, and its use has not progressed much.

[Evaluation of the effectiveness of water in SAP using soil physical methods]

'When the effectiveness of water absorbed into SAP on plants was evaluated, more
than 70% of the water could be classified as easily available water because SAP retains
water in the soil that can easily be drained away and contains a large amount of high
potential (low pF) water.

[Effect of SAP-added growth medium on early seedling growth in a pot trial]

'When container seedlings of cedar and cypress were planted, the amount of rooting
and leaf development of cedar saplings was significantly greater in pots with SAP than|
in pots without SAP, indicating that SAP is expected to increase the seedling live rate.
[ The effect of SAP-added growth medium on the survival time of saplings under dry
conditions]

The irrigation of the above pots of saplings was stopped, and the number of days to
withering and the amount of evapotranspiration during that time were measured. In the
case of cedar, the number of days until withering was significantly extended when the
amount of SAP added was 0.2% or higher. On the other hand, the same trend was
observed for cypress, but there was no significant difference.

[ Summary]

SAP application is expected to reduce the risk of sapling mortality due to drought
and to reduce management costs by reducing irrigation frequency. However, since
water retention effects and responses differ depending on the soil type and tree

species planted, it is advisable to confirm these effects at the afforestation site before

preparing a usage plan.

Field trial (3)

Development of Greening Technology using Nursery Block Construction Method

Conductor

Oyo Corporation Place Uzbekistan

General

description

[Nursery blocks are cylindrical seedling pot mostly composed of soil, clay, and
compost, etc., and are expected to improve survival rates and promote early growth by

allowing seedling to quickly develop its root deep into the ground. In this field trial,

nursery block seedlings of Fraxinus (genus ash) were planted in a devastated mountain




area in Angren, Republic of Uzbekistan, and the survival rate and growth were
compared with those of pot seedlings used in other countries in the world.

(1) Over 90% survival was obtained for both the potted and nursery block seedlings.
There was no difference in tree height growth, which was approximately 25 cm, and
no improvement in survival rate or acceleration of initial growth was observed with|
the nursery block seedlings. (2) On the other hand, the average root growth two years
after planting was about 51 cm for the potted seedlings and 61 to 65 cm for the nursery|
block seedlings, indicating that the roots of the nursery block seedlings grew more
deeply. This indicates that the use of nursery block seedlings may enable the seedlings|
to extend their roots deeper at an earlier stage. (3) The cost of planting the seedlings
was estimated to be about 719 Japanese yen or more per seedling for conventional
planting of large seedlings and about 335 yen per seedling for nursery block seedlings,

indicating that the cost could be reduced.

Field trial (4) [Development of Soil Conditioning and Afforestation Technology Using Biochar
Conductor  |JAFTA Place  [Democratic Republic of Congo

General In the Democratic Republic of the Congo, large areas of savanna have been degraded
description  Jand show low cation exchange capacity (CEC) (an indicator of soil’s fertilizer

retention capacity) and low water retention capacity because of such factors as
deforestation and slash-and-burn agriculture. To address this issue, we investigated the
effects of refractory biochar as a soil amendment by conducting planting experiments|
and laboratory experiments in Japan.

[Biochar chemical analysis]

Locally available unused biomass resources (bamboo, cassava stalks, corn cores, 0il
palm, etc.) were carbonized and chemically analyzed. Cation exchange capacity (CEC)
values were higher than those of local soils for many raw materials and degrees of]
carbonization of biochar.

[ Biochar physicality test]

The same biochar samples were tested for the soil water-retention enhancement
effects. The water-filled porosity (coarse and fine porosities) , an indicator of water|
retention capacity, was higher for many materials and bulk densities of biochar than
for local soils, suggesting that biochar have the potential to improve soil water|
retention capacity.

[ Agroforestry trials in the field]

An agroforestry trial was conducted starting in 2019 to intercrop cassava with Acacia,

a proven plantation for firewood production, and four local tree species with local use




needs. After about 2.2 years of follow-up, growth increases were observed in two of]
the five tree species (Millettia and Terminalia) in the biochar-applied plots.

[ Cost study for technology application]

Biochar application increased costs by 201 USD/ha (0.5 kg/ m? applied) and 739

USD/ha (2.0 kg/ m? applied) compared to regular agroforestry.

Field trial (5)

Guidebook for Mangrove restoration (Mangrove restoration techniques in accordance

with site conditions and degradation factors)

Conductor

Kokusai Kogyo Co., Ltd. Place World wide

General

description

Mangrove ecosystems have various service functions such as carbon (blue carbon)
sequestration, recharge and supply of fishery resources, and disaster prevention and|
mitigation. However, in recent years, mangroves have been severely degraded and
depleted worldwide. Therefore, sustainable management and restoration of mangroves
to maintain and restore their multifaceted functions, including climate change
mitigation, is a pressing issue worldwide.

Although many technical manuals and case studies for mangrove forest restoration
have already been provided by various organizations such as international
organizations, most of them are limited in their target areas. Therefore, this guidebook
presents a list of tree species and regeneration methods that are suitable for the factors
of degradation and site conditions, based on the existing literature resources on
mangrove regeneration covering various areas. In addition, the possibility of applying
spatial information technologies through remote sensing and GIS, which have shown|
rapid progress in recent years, was also discussed. Moreover, existing technical
manuals and case studies on mangrove reforestation in the world were organized by

region and country, and information was provided.

4. Workshop

A workshop was held online on December 17 for NGOs and private companies interested in

afforestation activities in developing countries. As keynote speechs, Pro. Tange and Dr. Sakai

introduced general situation of afforestation activity in tropical countries and advanced afforestation

research. We shared the progress of the field trial in this project which are the outputs of this project

and introduced the " Technical Note for Tree Planting Practices" a database of reforestation techniques.

The number of participants in the workshop was 164.
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