Appendix 5-3-1~6

Dispatched short-term experts
(Component 4: Tree Breeding)

[ Artificial Crossing]
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Appendix 5-3-1

Report of short term expert (Artificial Crossing)

Expertise Name Term
Artificial Crossing Dr. So Hanaoka 2017.12.6~12.15
Artificial Crossing Dr. Michiya Matsushita 2017.12.6~12.15

1. Itinerary
Date Activity

6 Dec. (Wed.) Move to Haneda

7 Dec. (Thu.) Move to Dubai, arrival at Nairobi Move to Kibwezi

Survey on Kibwezi Melia seed orchard and PTSs in Kibwezi, Voi and
8 Dec. (Fri.) Kasigau
Move to Kitui

9 Dec. (Sat.) Study on artificial crossing method of Melia

10 Dec. (Sun.) | Study on artificial crossing method of Melia

Study on artificial crossing method of Melia in Tiva seed orchard with Cps
11 Dec. (Mon.) o
Move to Nairobi

12 Dec. (Tue.) | Analysis of data collected in sites observation

13 Dec. (Wed.) | Discussion on Melia artificial crossing with CPs in KEFRI

Report to Kenya JICA Office

14 Dec. (Thu) )
Move to Dubai

Move to Narita

15 Dec. (Fri.) ) )
Move to Hokkaido and Mito

2. Result of major activities
2.1 Observation of progeny test sites in Tiva, Kibwezi, Kasigau and Voi
2 or 3 years have passed since Melia progeny test sites were established, and the good survival
and growth of the sits were observed. The highest growth was identified in Tiva through more
than 10cm DBH and 7m height. Growth difference between the sites is very clear depending on
the environmental condition such as precipitation and soil condition as we expected. It was
found that the height growth of trees showed hitting a peak in Voi and Kasigau where it had low
precipitation.
Stem vending of trees was observed in Voi and Kasigau. A trait of stem straightness could be
taken in the assessment.

It was found that some individuals planted in 2014 were putting fruits in Tiva and Kibwezi PTSs.

2.2 Observation of Melia seed orchards in Tiva and Kibwezi

Melia seed orchards have been established in 2013 and the first flowering and seed production
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started in 2015. Seed collections were carried out for 3 times in 2016, and almost trees, about
3000 trees in Tiva seed orchard, took good flowering and fruiting in 2017 according to Mr.
Kariuki. It was found that some trees with better growth had fruits in abundance and the

branches were hanging down because of the heavy weight.

2.3 Consideration of setting crossing booth inside a greenhouse in Kitui center nursery
We discussed setting of crossing booth for study on Melia artificial crossing inside a
greenhouse. As some grafted Melia seedlings took fruits in the nursery, a new crossing method
was considered, which included the following measure; several grafted Melia seedlings for only
selected clone could be putted in the greenhouse for taking natural crossing inside closed space.
This study will be started from 2018.

2.4 Study on Melia artificial crossing method in Tiva seed orchard
It would have been usually a season for flowering of Melia. It, however, had already passed this
year, and unfortunately no flowers were observed in Tiva seed orchard. Only one flowering tree
was identified through investigation of 3000 trees, so the study on artificial crossing for
self-pollination was carried out on the tree. Basic techniques for actual artificial crossing on
Melia, which included how to remove opened petal, isolate the bud and cover it with paper bag,

was guided to Mr. Kariuki.

2.5 Discussion on study of production of Melia superior 2" generation

As the study on production of Melia 2" generation, the outline of study approach was
introduced and some merits and demerits on the methods were discussed with CPs. The work
plan is as follows;

a. Study on basic artificial crossing measure using crossing bags in which the different clones

are crossing
b. Study on crossing inside of a greenhouse
c. Evaluation of genetic performance on candidate plus trees in accordance with PTSs

assessment, and study on crossing style through DNA analysis

3. Issues in the future

a. Artificial crossing
Experiment of artificial crossing should be carried out in suitable period when flowering
duration is not so long and limited.

b. Sharing data and information concerned
All data of PTSs assessment should be shared in all concerned so that project activities will
be implemented smoothly or efficiently.

c. Tree breeding strategy of Kenya
Tree breeding strategy of Kenya should be required in the future. to select important traits of
Melia
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d. Skill up of statistical analysis for CPs

“R” is a free software environment for statistical computing and graphics. It compiles and
runs on a wide variety of UNIX platforms, Windows and MacOS, and it has disseminated
to researches all of the world. This software, however, has not been used in African
countries including Kenya, so that only a few researchers have used expensive licensed
software for statistical analysis in KEFRI. To disseminate basic and user-friendly
statistical software to CPs, we suggested to make a textbook of “R” and statistical
analysis and guide the method of analysis. The guidance will upgrade step by step from
basic class to advanced class. It can contribute to improvement of the research capacity
and skill on KEFRI staff.
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Photos

Melia PTS in Kasigau

Melia PTS in Tiva

Melia Seed Orchard in Kibwezi
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Grafted Melia seedlings in Kitui Center nursery, on which fruiting was found.

A greenhouse for study on indoor crossing to produce Melia 2" generation (right).

Putting a bug over flowers for artificial crossing in Kitui (Tiva)
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Putting a bug over flowers for artificial crossing in Kitui (Tiva)

Guidance of data analysis to Cps
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Appendix 5-3-2

Report of short term expert (Artificial crossing and Project management)

Expertise Name Term
Artificial crossing Dr. Michinari Matsushita 13 -20 May 2018
Project management Mr. Shizuo Kamizore 13 -20 May 2018
1. ltinerary
Date Activity

13 May (Sun.) Move from Hitachi to Haneda, move to Dubai

Arrival at Nairobi
Meeting with Chief Advisor
Move to Kibwezi,

14 May (Mon.)

15 May (Tue.) Observation of Melia seed orchard, PTS and Acacia seed stand
Move to Voi

Attendance to Promotion Seminar on Melia Woodlot in Kenya
Move to Kilifj

Meeting with KOMAZA staff

Observation of Melia farmer’s plantation conducted by KOMAZA
Meeting with Chief Advisor

Move from Kilifi to Nairobi, move to Dubai

16 May (Wed.)

17 May (Thu.)

18 May (Fri.)

19 May (Sat.) Dubai to Haneda

20 May (Sun.) Move from Haneda to Hitachi

2. Results of major activities

2.1 Promotion Seminar on Melia Woodlot in Kenya
Promotion Seminar on Melia Woodlot in Kenya was held in Voi, Taita Tabeta county, which has
been designated as a pilot county of CADEP component 2. Short term experts from FTBC attended
the seminar.
Participants were approximately 30, and farmers in Taita Taveta and Kilifi counties, private sector
(Komaza and Gatsby Africa), NGO (Wildlife of Africa), officials of Taita Tabeta county, officials of
KFS participated in the seminar. Dr. Muturi, Dr. Ndufa and Mr Kyalo participated as lecturers to
explain tree breeding activities and seedling production of Melia and so on.
Mr. Takano, Chief Advisor of CADEP project, introduced the ouit line of CADEP project activities. Dr.
Muturi, manager of component 4, explained a concept of tree breeding and advantage of
improved Melia. A participant asked the amount of seed production of improved Melia and how
to get the seeds. A NGO suggested that establishment of a small scale nursery for school might be
an effective method to extend improved Melia in Kenya.
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2.2 Observation of Kibwezi site

1) Melia seed orchard
It seems that weeding has just finished as the best timing, because a rainy season has just
terminated at this week. New buds of Melia tree have got slightly lignified and grown
healthily.

2) Melia progeny test site
Almost trees planted in 2015 have got for height growth and have had appropriate crowns
that have suitable branches.

3) Acacia seed stand
It was found that some trees could get flowering. It was not identified that the varietal
differences could exist, so seed production should be checked in the next PTS assessment on
Jul.

2.3 Observation of Melia plantation conducted by KOMAZA

1) Outline of KOMAZA
KOMAZA is a company that has promoted tree plantations by local farmers using funds
collected from private and governmental investors. KOMAZA considers having own seeds
production resource for Melia because a demand to Melia is increasing in recent years. Mr.
Takano got the information of KOMAZA and arranged observation of the Melia plantation site
with CPs of CADEP, so FTBC joined the observation in this time.
KOMAZA has been established in Kilifi county by an American CEO and spent 10 years. The
predecessor organization of KOMAZA was a NGO concerned with health for local people in
Kenya. KOMAZA has conviction that tree plantation by local farmers should be supported, and
it should be promoted even though celling seedlings could become more profitable than
plantation. A Japanese staff for finance has been employed since the last year, and our visit to
KOMAZA in this time was arranged by him.
3,800ha plantation by 14,000 farmers have been carried out through KOMAZA fund, and the
main planting species are Eucalyptus species (60%), which is a hybrid between E. camaldulensis
and E. grandis called as Eucaly-CG in Kenya, and Melia volkensii (40%). KOMAZA produced
14,000 seedlings of Melia for increasing demand in this year. Since productivity of seedlings
was less than 50 %., improvement of nursery and seed resource should be considered. Recently,
Melia seeds have been procured from a superior farmer who has planted Melia extensively.
KOMAZA, however, predicts that more than 400kg of Melia seeds will be required to support
the plantation in the near future and considers establishment of its own Melia seed orchard for
sustainable seed production. As Melia plantation, KOMAZA designates suitable farmers for
plantation in accordance with a soil map of Kilifi, which might be made by local government,
and finally 5,000 farmers have been selected from 15,000 participants this year for Melia
plantation. As a plantation system, KOMAZA distributes Melia seedlings to farmers for free, and
the farmers plant and take care the seedlings in their own lands. As harvesting trees, KOMAZA
has responsibility to purchase the trees and has a plan to establish wood processing facilities to
add significant value to harvested woods.

2) Observation of Melia plantaion
We observed two plantation sites in Kilifi. One had poor growth with DBH:6-12cm, height:3-6m,
another had good growth with DBH:10-16cm, height:7-10m, in which spacing for planting was
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5m by 5m. Eucalyptus trees were planted adjacently.
KOMAZA has conducted training program on tree planting and management for farmers, and
managing officers of KOMAZA have managed all plantation sites by using smart-phones, in
which all data such as GPS data, date of planting and bud thinning and so on.

3) Discussions
Dr. Matsushita explained some advantages of Melia improved seed and seedling using the
results of growth and seed production from PTS data analysis.
KOMAZA asked an appropriate management for Melia seedling production and how to
purchase improved Melia seeds, and Mr. Ndiati handed out “Guidelines to On-Farm Melia
volkensii Growing in the Dryland Areas of Kenya”, in which appropriate methods for seedling
production, plantation and management on Melia are described, and Dr. Ndufa explained that
KOMAZA could purchase Melia improved seeds from KEFRI but the available amount of seed
for purchase was limited because total seed production from Melia seed orchard was about
only 100kg last year.
Concerning establishment of Melia seed orchard using plus trees, KOMAZA asked how much
area for the orchard would be needed and how much amount of seeds would be produced. Dr.
Matsushita explained that required or expected traits, growth, seed production or drought
tolerance, should be decided at first, and then plus tree selection and the number of mother
trees in an orchard would be considered according to priority of traits.
KEFRI, furthermore, suggested that an agreement for securing traceability of Melia improved
seeds and seedlings should be signed between KEFRI and KOMAZA if KOMAZA will establish a
Melia seed orchard.

3. Subjects for project management

+ It seems that KOMAZA has managed the farmers’ plantation soundly more than expected, and
ability of the staffs would have better skills for tree plantation. KOMAZA has a plan to employ
foresters as the staffs who is dedicated to the tree plantation.

+ Workshop for corroboration between each component of CADEP will be held on Jun. 26 with
the participants of all component managers and staffs to enhance each activity through the
corroboration. FTBC will dispatch some short term experts to attend the workshop and
introduce the result of tree breeding activities.

+ The JCC meeting will be held on Jul. 19 in Nairobi. Successors of a chief advisor and forest
extension expert will join the meeting, and FTBC will also join the meeting.

4. Contact persons
Mr. Tevis Howard, CEO, Komaza,
Mr. Dan Mcgovern, Field Operations, Komaza
Mr. Charles Gitahi, Nursery, Komaza
Mr. Tomonobu Kumahira, Finance, Komaza
Dr. Gabriel Muturi, Manager of Component 4, KEFRI
Mr. Peter Nduati, Manager of Component 2, KFS
Dr. Omondii, Researcher for DNA analysis, KEFRI
Mr. Kenichi Takano, Chief Advisor, CADEP
Ms. Naoimi Matsue, Forestg Extension, CADEP
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Photo

Photo 1. Promotion Seminar on Melia Wood Photo 2. Promotion Seminar on Melia Wood
lots in Voi (Presentation from Mr. Takano) lots in Voi (Presentation from Dr. Muturi)
Photo 3. Melia Seed Orchard in Kibwezi Photo 4. Melia PTS in Kibwezi
(Weeding just finished) (planted in Dec. 2015)
Photo 5. Acacia seed stand in Kibwezi Photo 6. Acacia seed stand in Kibwezi
(planted Dec. 2015, just finished for weeding) (planted Dec. 2015)
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Photo 7. Flowering (?) of Acacia (white flowers?, Photo 8. Flowering (?) of Acacia (white flowers?,

planted Dec. 2015, Kibwezi) planted Dec. 2015, Kibwezi)
Photo 9. Melia plantation by farmer Photo 10. Melia plantation by farmer
(H:3-6m, planted Nov. 2013, by KOMAZA) (H:3-6, planted Nov. 2013, by KOMAZA)
Photo 11. Melia plantation by farmer Photo 12. Melia plantation by farmer
((H:7-10m, planted Nov. 2013, by KOMAZA) (H:7-10m, planted Nov. 2013, by KOMAZA)

187



Photo 14. Nursery beds for Eucalyptus cutting
seedlings (KOMAZA nursery)

Photo 13. Collecting scions for Eucalyptus
cutting (KOMAZA nursery)

Photo 15. Demonstration of sawing Melia Photo 16. Remaining Melia seedlings
seeds (KOMAZA nursery) (KOMAZA nursery)
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Appendix 5-3-3

Report of short term expert (Project Management and Artificial Crossing)

Expertise Name Term
Project Management Mr. Shizuo Kamizore 2018.6.23~6.30
Artificial Crossing Dr. Michiya Matsushita 2018.6.23~6.30
1. ltinerary
Date Activity
23 Jun. (Sat.) Move to Haneda
24 Jun. (Sun.) Move to Dubai, arrival at Nairobi

Meeting with KEFRI CPs

25 Jun. (Mon.) . )
Making material for workshop

26 Jun. (Tue.) Attendance to CADEP component interaction workshop

Move to Kitui
27 Jun. (Wed.) e . - I
Study on artificial crossing method of Melia with CPs in Tiva seed orchard

Observation of Better Globe Forestry Melia plantation site
28 Jun. (Thu.) o
Move to Nairobi

. Meeting with Japanese experts
29 Jun. (Fri.) .
Move to Dubai

Move to Narita

30 Jun. (Sat.) ) . .
Move to Hitachi and Mito

2. Results of major activities
2.1 CADEP component interaction workshop (refer to Annex for agenda)

CADEP component interaction workshop was held on 26" Jun, Nairobi to enhance a relationship
between CADEP each component and promote each activity effectively. In component 4, Mr.
Kariuki explained the outline of component activities, and Dr. Matsushita made a presentation on
the result of tree breeding research, which focused on the growth and seed production, based on
data analysis of 2" year PTSs assessment of Melia.

The outline of activity on each component was presented from CPs in the morning session, and a
group discussion was held in the afternoon session. The themes of discussion were how to
contribute completion of 10% forest cover in Kenya for each component and how to exert a synergy
effect on 5 components of CADEP. The themes were actively discussed in 3 groups to which all
participants were divided. With regard to component 4, following suggestions and comments were
indicated; 1) Improved seedlings with high quality for growth will be supplied to dray land through
understanding tree breeding activities, however, the seeds and seedlings are not supplied with a
sufficient amount. 2) Pest and disease control must be required for limited tree species. 3)
Collaboration between component 2 and 4 through information sharing is significant. Melia
plantation guide book can be effective tool to promote it. 4) Component 1 will support component
2 for establishment of local seed orchards or nurseries on institutional measures.
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2.2 Study on Melia artificial crossing
Experiment on Melia artificial crossing was carried out with Mr. Karituki in Tiva seed orchard.
The artificial crossing adopted an ordinary method for fruit cultivation that pollen, collected from
Melia flower and reserved in a dry bin, was inoculated to isolated pistil of another clone. Mr. Kariuki
will observe the experiment.

2.3 Study on Melia cutting
We checked the result of Melia cutting carried out on last April. No rooting and no callus formation
were unfortunately observed on all scions of Melia. A CP mentioned that it could be caused by
longer term rainy season and cold temperature. It was found that Melia cutting could be more
difficult than expected because callus formation was identified in spite of using appropriate scions
for cutting in this time. All conditions including selection of scions, soil and so on should be
considered again in accordance with the condition for succeed result of Japanese Melia cutting.

2.4 Observation of Melia plantation site by private sector (Better Globe Forestry)

We observed a large scale Melia plantation site in Kitui county.

Better Globe Forestry (hereinafter BGF), which is a company to plant trees using fund collected
from mainly European countries, has started tree plantation since 2007 near Kiambere dam lake.

BGF had planted neem trees in the area, but it was not successful for the plantation. BGF,
therefore, changed plantation species from neem tree to Melia, and have implemented about
300ha Melia plantation since 2007. The superior plantation site in 2009 takes the growth of
DBH:16-22, H: 12-14m. The spacing of plantation is 4 by 4m, and the expected log size is
diameter:40-50cm and height:5-6m. BGF aims to export Melia to European countries as material
for furniture making as well as mahogany wood. 2,500 farmers have contracted with BGF for Melia
plantation, and BGF will buy the logs from the farmers. BGF has furthermore a plan to build a saw-
mill near future.

Seeds to produce seedlings have been collected from superior specific mother trees that are
selected from the Melia plantation sites. A staff of BGF was interested in establishment of Melia
seed orchard to get high quality seeds, and also Melia clone propagation. BGF sells their Melia
seeds to KOMAZA, which can show that circulation of Melia seed and seedling could become brisk
business in private sectors concerned.

» Discussions

Bud pruning on tree has not be carried out in BGF Melia plantation, and branch pruning has been
done as alternated. It can be found that big nots are visible and the size of crowns are quite different
each other. Vent of tree is noticeable and it could be caused by seed resources that depends on
seed collection from natural trees by farmers.

BGF purchased improved Melia seeds from KEFRI, and requires sustained purchase of the Melia
seeds. If BGF will establish the own seed orchard, an agreement for traceability of Melia improved
seeds and seedlings should be secured between KEFRI and KOMAZA as well as KIMAZA.
Cooperation between all staffs, experts and CPs, of component 2 and 4 should be required to
achieve it.
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3. Subjects for management
- Joint Coordinating Committee(JCC) meeting is planned to be held on 19t Jul., and FTBC will dispatch
2 short term experts to attend the meeting. Project management is subject to discuss with Japanese
experts and JICA staffs.
* Election and appointment of new Director General of KEFRI has been conducted in the Ministry. Two
counterpart personnel are nominated for the DG, but the total number of candidates would be
unknown.

5. Contact persons
Mr. Jan Vandenabeele, Executive Director, Better Globe Forestry
Dr. Gabriel Muturi, Component manager of CADEP, KEFRI
Dr. James Ndufa, Director of KEFRI Kitui regional station, KEFRI
Mr. Jason Kariuki, Assistant Component manager of CADEP, KEFRI
Mr. Peter Nduati, Component manager of CADEP, KFS
Ms. Yoko Okonogi, JICA Kenya Office
Mr. Kazuhisa Kato, Executive Director, Japan Overseas Forestry Consultants Association
Mr. Ito, PASCO
Mr. Kenichi Takano, Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
Ms. Naomi Matsue, Forestry Extension, CADEP
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Photo

Photo 1. Workshop Photo 2. Group discussion in the workshop
(Mr. Kariuki explained compo. 4 activities) (2 themes were discussed in 3 groups)
Photo 3. Collection of pollen from Melia Photo 4. Dry bin to reserve pollen

anthotaxy (Melia seed orchard in Tiva)

Phot 5. Guidance of pollen collection Photo 6. Experiment of Melia artificial crossing

(inoculation of pollen to pistil)
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Photo 7. Experiment of Melia artificial crossing Photo 8. Melia cutting study in Kitui centre

(Covering pistil with paper bag) (all unsuccessful, implemented on Apr. 2018)

FE11 AUTEREMH2
(2013 & 11 AfE#H. ¥ 7 41)

Photo 9. Melia plantation site Photo 10. Melia plantation site
(BGF, planted in 2014) (BGF, superior growth planted in 2009)
Photo 11. Cross section of Melia planted tree Photo 12. Melia plantation site and nursery under
(BGF, planted in 2007, D:22cm) the trees (BGF, planted in 2007)
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Photo 13. Collected fruits from plus trees Photo 14. Workers in BGF nursery

(Just smaller than those of Melia seed orchards) (Isolation of seeds from Melia nuts with getting
1 or 2 seeds from a nut, 3 to 5 seeds from a nut

produced in Melia seed orchard)

194



Annex: Agenda of Interaction Workshop

-

-

Ministry of Environment and
Forestry

/

Capacity Development Project for Sustainable Forest Management

Interaction Workshop for

(CADEP-SFM)

Date: Tuesday, 26" June 2018
Venue: Crowne Plaza Hotel, Nairobi

Time Item Facilitator Responsible
Registration Secretariat
8.30 - 9.00
Opening remarks Hewson Kabugi
9:00 - 9.10
_ Objectives of workshop Kenichi Takano
9:10 - 9.30 Chief Advisor
] Presentation of each component
9:30 - 11:00 (1) Component 1: Policy Support
(2) Component 2: Pilot County Component Mangers,
(3) Component 3: REDD+ Readiness etc
Tea Break All
11.00 - 11.20
) Presentation of each component Component Managers,
11.20 = 12:20 (4) Component 4: Tree Breeding etc
(5) Component 5: Regional Cooperation
Plenary session Peter Nduati
12:20 - 13:00
13:00 - 14:00 | Lunch All
14:00 - 15:20 | Group discussions Peter Nduati
15:20 - 16:00 | Group presentation
16:00 — 16:20 | Plenary session Peter Nduati
16:20 - 16:30 | Way forward Hewson Kabugi
16:30- Tea and closing All
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Appendix 5-3-4

Artificial Crossing/second generation

Field Name Term
Artificial Crossing Dr. Michinari Matsushita 2018.12.9~12.15
Artificial Crossing Dr. So Hanaoka 2018.12.9~12.16
1. Schedule
Date Contents Stay
9 Dec. (Sun.) Move (to Haneda)
10 Dec. (Mon.) Move (Haneda - Doha — Nairobi) o
Move to Kitui i
11 Dec. (Tue.) Observation of Melia seed orchard and PTS in Tiva o
Study on artificial crossing Kt
12 Dec. (Wed.) Seminar on PC programme for statistical data analysis | Kitui
13 Dec. (Thu..) | AM Seminar on PC programme for statistical data analysis o
PM Move to Nairobi Nairobi
14 Dec. (Fri.) AM Meeting with CADEP experts
PM Move to airport, move (Nairobi — Doha)
15 Dec. (Sat.) Move (Doha — Narita — Hitachi, for Matsushita) Tokyo
16 Dec. (Sun.) Move (Haneda — Sapporo, for Hanaoka)

2. Results of major activities
2.1 Observation of Melia PTS in Tiva

On PTS assessment, it was confirmed that vent of stem and fruit production have been already
taken as assessment matters since this year. These matters have been introduced in PTS
investigation in Japan as well as growth, and it seems that KEFRI CPs are acquiring skills of evaluation
method and purpose of PTS assessment.

2.2 Observation of Melia seed orchard in Tiva
(Melia seed orchard)

The Melia seed orchard was established in 2013 and started seed production in 2015. 3 times seed
productions were implemented in 2016 and almost trees in the orchard could produce a lot of seeds.
The amount of improved seed production from the orchard has been increasing year by year,
however, it was found that several mother trees were not vigorous due to wood rot and grafting

incompatibility. We discussed a future roadmap of tree breeding in Kenya with Mr. Kariuki, an
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assistant component manager, through considering the next generation and renewal of seed
orchard on Melia, and suggested that 1 block of seed orchard would be improved by exchanging
inferior clones to superior clones gradually as the result of discussion.

(Acacia seed stand)

It was found that a family A56 had superior traits for growth and straightness of stem, and variation
between families was also identified. Evaluation of the families on Acacia should be conducted by
data analysis as well as Melia.

2.3 Study on artificial crossing and mating system of Melia

KEFRI CPs have acquired the basic skills for artificial crossing of Melia such as collection of pollen,
screening of pollen and actual artificial crossing technique through technical guidance from FTBC.
Several young fruits were found on branches that artificial crossing was carried out on Oct. — Nov.
2018. Success rate of tested artificial crossing is not so high, however, this is a significant result for
Meliaceae family because there could be no successful result for artificial crossing in this family,
which includes mahogany known as expensive wood. DNA analysis will be carried out to verify the
crossing.

As for study on mating system, sampling of material for DNA analysis will be continued for study
on crossing system of Melia, which is conducted by Dr. Omondii.

2.4 Seminar on PC programme for statistical data analysis

Free data analysis software “R”, which has been used in researchers worldwide for statistical
analysis, making chart, programming and simulation etc., was introduced on this seminar as a
programme to analyze the PTS assessment data efficiently. Free and general-purpose software for
data analysis is required to strengthen the ability of researchers in developing countries. This
seminar was planned in 2017 in accordance with our suggestion that a manual of usage of “R”
programme and data analysis was needed for capacity building of KEFRI researchers, and the
seminar and guidance were held in 2 days in Kitui regional centre with 8 participants.

(Contents of seminar)

The aim of seminar is to acquire skills how to install and use “R” and understand appropriate data
control for statistical analysis, so this seminar can be regarded as “beginner” to “intermediate” level.
On the first day, we introduced install method and basic operation of “R” on lecture and practice,
and explained a method of data analysis and basic construction that are very useful in almost
research activities. On the second day, a practical data analysis using actual PTS assessment data
was carried out to strengthen data control ability on PTS assessment. An appropriate data format to
use PTS assessment was introduced in the practice, and several analysis methods to analyze PTS
assessment data were also introduced.

It was clear that the participants including Dr. Muturi took the lecture and practice in the seminar

with great enthusiasm. In the next time on 2019, REML will be presented for more practical statistic
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data analysis on tree breeding as “higher” level.

3. Subjects
(Artificial Crossing and melting system)

It is a significant result that fruits production by artificial crossing was found on several branches.
This is the first step to establish Melia artificial crossing technique. Flowering period for pollination
is limited, so it is required to process artificial crossing at appropriate time. As for study on melting
system of Melia, collecting seeds from more than 10 clones in seed orchard is needed to conduct
DNA analysis for the study, and the analysis will start from Feb. 2019 when 30 seeds per 1 clone as
samples will germinate successfully.

(Capacity building of statistical data analysis for tree breeding)

The seminar can be regarded as “beginner” to “intermediate” level, and REML method and
concept of tree breeding will be introduced for more practical statistic data analysis on tree breeding
as “higher” level on the next time 2019.

(Prospect of capacity building for tree breeding)

CPs research ability for investigation and data analysis of PTS is steadily advancing. Data on several
traits of Melia such as stem straightness and wood property has been accumulated as well as data
of the growth. Capacity building for data analysis based on PTS assessment will be conducted
through lecture and practice in 2019.

Assessment of PTS at 5 years after planting on 2020 is considered as an evaluation time for
selecting superior clones for second generation according to harvesting age 15 years on Melia.
Therefore, a concept on a cycle of tree breeding can be introduced to KEFRI through the data
analysis on 2020 and selection of superior clones, which is definitely based on selection of 1%

generation, establishment of seed orchards and PTSs, and assessment of PTSs.

4. Contact persons
Dr. Muturi, Component Manager, KEFRI
Mr. Luvanda, Director, Kitui Regional Centre, KEFRI
Mr. Kariuki, Tree Breeding, KEFRI
Mr. Keiichi Takahata, Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator/Regional Cooperation, CADEP
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Photo

Photo 1 PTS in Tiva

Photo 3 Melia seed orchard in Tiva

Photo 5 Acacia seed stand in Tiva
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Photo 2 PTS in Tiva

Photo 4 Melia seed orchard in Tiva



Photo 6 Acacia seed stand Photo 7 Observation of processing on

artificial crossing

Photo 8 Observation of processing on

artificial crossing Photo 9 Observation of processing on

artificial crossing

Photo 10 Seminar on statistical data analysis Photo 11 Seminar on statistical data analysis
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Photo 12 Seminar on statistical data analysis Photo 13 Seminar on statistical data analysis

Photo 14 Seminar on statistical data analysis Photo 15 Seminar on statistical data analysis

Photo 16 Participants to the Seminar
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Appendix 5-3-4-2

R training course
-medium level class-

2018.12.13 in Kitui

Michinari MATSUSHITA
So HANAOKA

Forest Tree Breeding Cetenr,

Forestry and Forest products Research Institute

« Second day [Medium-level class = practical course]

+ Let’ s start practice:--
using the “real” PTS data of Kenya!

+ Today’ s topics -
0) INTRODUCTION
1) learn what is better way to manage data of PTS (e.g. Excel seat).
2) draw informative figures to show the breeding results.
3) learn the way (coding) to run basic statistical analyses in R.

« Second day [Medium-level class = practical course]

- Today’s topics -
0) INTRODUCTION

INTRODUCTION: Remember...
presentation of Breeding results for CADEP meeting Jun.2018

Informative figures are important to show the impact of Breeding

Joint Meeting for CADEP

Component 4: Tree Breeding

-Current results of Breeding of Melia volkensii-

Dr. Michinari Matsushita (Forestry and Fore:

4" main-PTSs & 4 sub-PTSs were setup

Based on the climate data & genetic background (history) of Melia,
we setup eight main/sub PTSs

00
oo

Checking the growth

trend of progenies
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Large between-sites variation
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he g the Height ~ Diameter relationship

About 2 years after planting
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There is a large growth variation between sites
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Estimate the genetic performance in Seed Prod wthper ance across sites

Inferior growth ---but high fecundity!
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Family-based estimates for growth

Based on the statistical analysis--,
The progenies of “good” families always show faster growth.

Red: superior growing family

Blue: inferior growing family

Average height (m) of family

Marimanti ~ «

PTS number

e uo‘,eggsggso

33 Retoe

Eabh circle indicates each
planted stem.

The radius of circle is
reflecting stem diameter.
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Eath circle indicates each
planted stem

The radius of circle is
reflecting stem diameter.

In Kitui, within-site

In Kasigau, within-
growth variation is ==y site growth

relatively low variation is large

When evaluating the performances of families/progenies,
we should treat carefully the within- and between-site
environmental variation affecting growth.
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Let’s learn the R coding to draw figures

You can draw informative figures
easily and freely by using R!

« Second day [Medium-level class = practical course]

+ Let’ s start practice:--
using the “real” PTS data of Kenya!

+ Today’ s topics -

1) learn what is better way to manage data of PTS (e.g. Excel seat).

But... first you need import data into R.
Remember . . .
How to read (import) data ?

Answer!
use the functions...

read.csv(“dataPTS1.csv”)
Or

read.delim(“clipboard”)

But... first you need import data into R.

Lets use the function
read.delim(“clipboard”)

We treat example dataset
of Kitui PTS

Before using the function "read.delim()”.

first you copy the target region of data in Excel.

The data region you copy|in Excel will be imported into R.

We treat example dataset of

Check the data format ... By using the function “head()”

Lets use the function
head( data.OLD )
To check the data format.

But...
the column name is not good!!
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Compare the original data form in Excel and the imported form in R.

[ Date 1: 8,/2,/2016 Date 2 18/7./2016 4‘ Dated: 20-1-21
DEH|
SN Block| Clone No| Ht (Cm)|DGL (Cm; DBH (Cm)| Ht (Cm) DGL (Cm)| (50 Cm) Remarka| Ht lizl
11 1]43/f 1 2.9¢ 02|
1 1]27/0 1 26° 9
1 1]70/f 1 27 1
1 136/ 1 2 4
1 1/35/f 1 2.9¢ 8!
1 116/ 1 29 1
1 1
1 1
1

dead|

1 075 14 33 45| 3. 556]
1 /c 045 11 23] 33| 2 4.60)
1 10/0 | - | dead|

i 8/0 4] 0 268 3 84|
1 2/f 74| 1 34 24|
1 [4/0 75 1 2. 05|
2 19/0 74 1 28 26|
2 34/ 65 1 38 89
2 159/0 | 09) 22: 05|

“space (brank)”, “parences ()” in Excel are
automatically convert to “period .” in R.

The important rule of data formats of PTS and Orchards
...for more convenient analyses latter.

1) In data title (column name),

Do not use ... “space (brank)”, “parences ()”,
“minus -7, “plus +”, “ X ”, “slash/ or back slash¥” .
for example ... - “Under bar _ “is OK
Bad Good
DBH cm = DBH_cm
DBH(cm) = DBH.cm

DBH X Height = DBH.x.Height
Height / DBH = Height.per.DBH
Trunk shape parameter... indicating slenderness

Old data form

The important rule of data formats of PTS and Orchards
...for more convenient analyses latter.

Data 1: 8/2,/2016 Date 2: 18/7/2016 Dated: 20-1-2!
DBH
SN| Block| Clone No| Ht (Cm)|DGL (Cm)| DBH (Cm)| Ht (Cm)’ DGL (Cm)| (50 Cm)| Remarka Ht
X a3/t 07| 15 296 4 34 507 2) In data,
1.2 1]27/0 0.65] 13 267 33| 2. 4.96|
z « » o« ”
1 l70/¢ 58] 10 21 2 2 1 also Do not use ... “space (brank)”, “parences ()",
1 1[36/0 37| 1.0| 2 3. 2 48| .
1 %/« 55) [ 29 3 2 85 “minus -”, “plus +”, “ X ”, “slash/ or back slash¥” .
1 1[16/0 62| 1.2] 29 3. 15
1 %« 70, 12 24 2 E‘
1 1]23/0 76| 14 26 3. 2. 34| —‘
1 115/f - - - dead| DBH
11 1a/f 0.75) 4] 33 45| 37| 5.56] SN Block| Ch’;m No| Ht (¢ IDGL (Cm)| DBH (Cm)| Ht (Cm)| DGL (Cm) (50 Cm)| Ramarka Ht (Cm)
7 29/0 0.45] 11 23 23] P 4.60) 11 1@%9 082 15| 2.96] 4 3.4] 5.02]
1 10/0 dead| | 1.2| 12770 0.65 1.3] 267| 3. 2.6] 496
1 l8/0 0.44] 09) 268 31 2 4.84) 170/ 58 271 2 24
1 o/t 0714 344 7 — 424 ‘WEG 31 29 2 2
1 [4/0 0.75) 14 26 35| 2 5.05| “35/‘ 55 2 % 3 2
29 1]19/0 0.74] 1.8] 287 3.7 29| 4.26)| 116/ 62 293 3.
25 loat 0ss 12 358 a5 27 459 o/t 1 2.43) 2
2.7] 15970 0.85] 09) 222 23] 1.7] 4.05] 1123/0 76 2 3 2 4
s/t & e e o]
1 1lo/f 075 14 3 £57 39t 556!
XTI lo9/o 0us 11 29 EEIT) 450
1.12] 1[10/0 2] dead|
New data form in Excel (arranged by Matsushita) Compare New and Old data form in Excel
|Posttior ‘Block . |GloneN: , (Orcharc, ‘HLN DG.O1 . Ht02 IDG.02 ‘m.oa . |DGO" |Ht04 _ DG.O4  |HLO6 _ [DGOB . |Stte . |Gl [M Posltior _ [Block ‘Olon-N‘ . [Orchare  (Rt01 _ [DGOT | |Ht02 DG.02 _ |Ht03 | |DG.O" ‘mm .|DGO4 'HtO6 | [DG.O6 _ |Ske [Oel . |Row
T 7 2.96] 0] 2] 50, 10 1 110 ] I 1 6] 0: 63 53] 10 1 1
1 7] [ 6] 61 10, 2 120 i 1 1] T [ 10 1 2
1.3 It 211 29[ 98] 3 130 I A It 1 45[ 1 3
1 lo 2.50] 32[ 14] 4 e T lo 1 83 1 4
1 £ 58 ] 7 T} 5 I | Iy a 1 71 T} 1 5
1 lo 293 38 nl%| 10, 6 [ —— lo 1 6.8] 10, 1 6
1 3 P —) A s 7 lock| Glone Nl g ; 5T o1 1 7
1 ; 3 i i i/t T 1 4 I i s
1 3 s A i1 3 1 s
1 3 N 7 ) | 1 7 27 O A7) X 10 i 1170 I o3 A S 7 7 7, Y7 P 1 10
; 25le 75 K T - T - R Y 1 o /e |20l 0481107 2ol 3o ssol i seo srl s o i i
1 : 12 5 s, : i i
1 lo 044 090 a1 484] 76| 596 98] 644 118] 12 5] 1]16/0 T lo 044l 090 268] 31 484 76| 596] 98] G| 116) 1 12/
1 I 074l 140 a2l apal 65| apal jo| a3t g 11 i 126 I a 07a] 140 344 42 azal es| azal 70| 431 g 1 1
n XS o R T D m o 1 e Sl T - i i)
PT) Tolo 07l 180 31l _azs] sl a4z 711 sa 83 B Gl iz Tl 01507 o8 ail ezl 56l arel 7l sail sg) 1 )
b FI -
1 1[29/0 I
B tlioe T . . .
2 e [ 1) Separate the information of clone numbers and origin
i |7 g b »
o ae this is because we want to treat a lot of clones as “integers
o] 1[19/0 T
s N
g s/
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Compare New and Old data form in Excel

Positior , |Bloak , |CloneN: . |Orahar¢, H£01 . |D@.01 . Ht02 .[DGOZ . He0d .[DGO" |HL04 . [DA.OA . |HEOS .[DADS | |Site
1 I 2] 2.96] 50] 3] 10
1 o 69 267] 10,
1 3 1
1 o 3] 250]

5 |1 ] 5 1t 55| 1.1 2.98] 31 485 I 5,13 3.9 6.0 10,
1 o 62 293] 10,
1 It of 4 )
1 23]o 76 262] 1 8.
1 IF

11 I ) 140 0] 4 6] s eas 100] 69; 121
i e 7 o
11 100

1 024l 090 Tl 1 254 5] 56/ ol 6.44] 116)
21 £ 074 140 3.44] agl apal 65 a2al  70] 431 8|
21 o 075 140 260) 351 505 65 596 17 6.73] 99
29 190 074 180 287] 37 _aze[ 56| _a76| 71 531 53]

2) Separate the planting position as “Col” and “Row” .
If the information (Col and Row) are separated,
we will easily draw a figure of planting position map, using R function “plot”

Compare New and Old data form in Excel

Positior , (Block _‘Ohn-Nw . |orehart, (HEO1 | [DQOT | |HL02 Da.02
NI 7 P 052 15 ]
1 N o Y T 5]
1 1 a 10
1 o K] BT 0]
1 3 s 11 m b1
1 3 a2 12 3]
: : o 2
1 23l 2614 718
1 3
1 q OB a0
1 20l YT KT SR ST !
N 10]o
1 oaal 0w X1 N Y'Y N T AT
1 3 074l 140 sl 4zl 4zl 65| 4z
N o 0751140 zeol 35| 505 65| 594
25 1 Tolo o074l 1s0] 2ell a1 sl sel 47

3) Include PTS number, for Kitui, | called Site01.
... | strongly recommend to set PTS numbers
to easily manage much more PTSs that will set in the future.

Compare New and Old data form in Excel

fa Y

Posttior , ‘Block , [GloneN: , Orch-n'l Htol DEO1  |Hto2 _[DGO2 | |Ht03 |, [DGO" |H04 , DGO . |HL05 DGO . st- L[col . |Row
T I N ] - 1
1 6] 51 10 ] I—— 2
1.3 [t 58] 2l 29 98] I - 3
1 o 3] 250 32[ 14 ] - 4
1 It 98 1 R 10 ] —— 5
1 o 62 203 34 nl%i 10, ] - 6
1 £ 1 2.45] 30} 85| 9, ] - 7
1 5 3 ] —— 8
1 £ ] - 9
1 £ 075 140 280] 45| 556 76 644 100] 6.92] 121 ] - 10
1 290 045110 2.30] 33 a6l 63 590 8] 6.49] 109] fl - 1
1 T ] - 12
1 lo oaal 090 268] 31 agal 76| 59| 98] 6.44] 116 2 12
1 IF 074 140 3.44] 42 aza 65| aal 70| 431 8 12 11
1 ) 140 ﬁ' 0 6. 6] 5 99 i 10
29 9o 074 180 287] 37 _a26[ 6| a6 71 531 83 2 9

4) Combine and rename the each-census data of
1st census Ht.01 and DG.01,
2d census Ht.02 and DG.02, ...

Compare New and Old data formats in Excel

Positior _ [Block , 'ClonsN: . [Orchar?  |Ht01 _|DGO1 _|HL02 D@02 | |Ht03 |, |DQ.0" Ht04 _|DAO4 'He05 | [DA.OS |Sits . ‘Col . |Rew ‘
R - ; ] Y T A | T 1 - = B N 3
1 1 lo 0.65] 1.30 2617} 33[ 496] 63| 561 82[ 581 102] ] I 2
; ! : C = —
: A o " — H
! - Ht01 _ [DG.01 vs01 _ [Fr01  |Ht02 |DG.02
L Eaa 0.82 1.50 1 3 o 2.96 4]
I i 0.65 1.30 1 3 0 267 33
; s 058 1.00 1 3 0 2.71 2.s_a|
1 037 1.00 1 4 0 250 3.2
; o 0.55 110 1 3 0 2.98 3.7
ol Ll 0.62 1.20 1 2 0 2.93 3.8
4) Combine ar 070 1.20 1 1 0 2.45 3.
1st censu 076 1.40 1 4 0 262 35
2d cens 0

You can also include status score data as similar format.
e.g. living (alive 1 or dead 0), vending stem (1 ~ 5), fruiting level at PTS (1~3)

Then... Let's import NEW (arranged) data into R.

Lets use the function

read.delim(“clipboard”)

data.Kitui <- read.delim(".
data.Kasigau <- read.delim(".

...and soon

Check the dimension of datasets

use the functions...
dim( data.Kitui )

This returns
column =16
row = 864

1
Number of stems planted in the PTS

227



Combine two datasets

use the functions...
rbind( data.Kitui , data.Kasigau)

This function combine several dataset.

Row: 864
Number of stems
Row: 864
Number of stems
[P ——

16
Same collum number

Check the mean values of trees in Two Sites x Blocks

use the functions...
attach( data.Two )

This function allows you
to access each value of dataset.

Check the mean values of trees in Two Sites x Blocks

use the functions...
tapply( DG.05, list(Site,Block) , mean)

This returns summarized values..
In this case,
mean values of DG.05 is returned,
separately for each Block x Site

« Site 1: Kitui
« Site 2: Kasigau

Check the mean values of trees ... Sites x Clones

use the functions...
tapply(DG.05, list(CloneNo.,Site), mean)

This returns summarized values..
In this case,
mean values of DG.05 is returned,
separately for each CloneNo. x Site

Summarize the clone-mean Height & Diameter values at each census

use the functions...
cbind(A, B, C,,,)

This function “cbind” combine
several vectors .

e

3
2
<
[}
Row: 3
No. of Clones 2
3
5
<
o

» Second day [Medium-level class = practical course]

+ Today’ s topics

2) draw informative figures to show the breeding results.
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Figures to show the growth trends in planted trees along census

Lets use the function

matplot( matrix )

Figures to show the growth trends of clones along census

Lets use the function

matplot( matrix )

El 5 4
I Tz s a4 s
Consus Corsis
2nd 4th
Figures to show the tree growth in Height vs. Diameter = o]
Lets use the function Kasigau £+ - ERRE ,_-: g
plot( Height ~ Diametr ) N J I "

Height (m)

oz

Kitui N !

o 2 4 8 8 10 12 0 2 4 6 8 10 12

G0z oG04

Diameter (cm)

Maps to show the spatial variation of tree diameters within sites

Use the function
plot( Row ~ Col , cex=...)

“cex” determine the sizes of circle.
cex=1.0 has been set as standard in R

Kitui Kasigau

Now, you learned the coding to draw informative figures in R

You can draw informative figures
easily and freely by using R!
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« Second day [Medium-level class = practical course]

- Today’ s topics -+

3) learn the way (coding) to run basic statistical analyses in R.
3.1 Analysis of Variance (ANOVA)
3.2 Linear Regression

Analysis of Variance: ANOVA (testing the means between sites)

use the functions...
Im(y ~x, data=...)

glm(y ~x, data=... )

Above functions do....
Linear model
or
Generalized linear model

...including ...
- ANOVA, ANCOVA,
« linear regression ... etc,

Analysis of Variance: ANOVA (testing the means between sites)

use the functions...
Im®~ X ) data=...)

glm@ X) data=...)

y indicates response variable
while

In this analysis,

We tested whether...

Are mean values of y(DG.04)
different among x(sites)?

Analysis of Variance: ANOVA (testing the means between sites)

According to ANOVA result,

You can find there was a
significant difference in DG.04
between sites (Kitui vs. Kasigau)

Use the function: anova( model )

Analysis of Variance: ANOVA (testing the means between sites)

According to ANOVA result, ol & * g —
You can find... there was a I P
significant difference in DG04 o 4 — - :
between Kitui and Kasigau < El El ] | : :
S .1 o : :
S - ° '
On average, a 8 L - B E
the tree diameters are greater v e 8 ° - '
in Kitui than in Kasigau. B i :
o~ o i ' !
o - - -
T

1.1 21 3.1 1.2 22 32

Site / Block
(Slte1=Kltui)

(Site2=Kasigau)

You can draw this Boxplot.
boxplot( DG.04 ~ as.factor(Block)/as.factor(Site) )

» Second day [Medium-level class = practical course]

+ Today’s topics -

3) learn the way (coding) to run basic statistical analyses in R.
3.1 Analysis of Variance (ANOVA)
3.2 Linear Regression
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Linear regression (testing the relationship between Y and X)

use the functions...
Im(y ~x, data=...)

glm(y~x, data=... )

You can conduct both ANOVA and regression,
only using same functions
using similar formula.

Only the difference between them

is explanatory variable X.
In ANOVA : factorial or categorical variables (e.g. Site A vs Site B)
In regression: continuous variable (diameter, height, volume etc. )

Summary of linear regression

use the function...
summary( model )

to get the result of
linear regression.

Y~aX+b

b: intercept =
a: coef. for DG.04

Y ~0.45301X + 2.10317
Height = 0.45301DBH +2.10317

Summary of linear regression

If you want to draw a figure,

use the function...

plot( Ht.04 ~ DG.04 , data = data.Kitui , xlim=c(0,12), ylim=c(0, 8))

abline( summary( model.Im.reg.Kitui ) )

# this command draw the predicted regression line: Ht.04 ~ 0.45301xDG.04 +2.10317 for Kitui

7| Heos ~ 0.45301x DG.04 +2.10317 7 Heo4 ~ 0.459198 % DG.04 +0.764056
Re=051 RP=086

Hio4
4
L
Hio4

You can also a lot of statistical analyses, using R

For example,,,
If you want do “principal component analysis (PCA)” in R,
let’s google it!

You can get many example R code from Internet!

If you want do “principal component
analysis (PCA)”in R,

Google may teach you that

let’s use the function “princomp()”

And then,

You can ask...

how to use the function “princomp”?
by using “help” in R console

help( princomp )

By using the function “help()”, you can find example code for PCA

Let’s copy and paste the example code.
You can find the demonstration of PCA
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Appendix 5-3-5

Report of short term expert (Artificial Crossing)

Expertise Name Term
Artificial Crossing Dr. Michinari Matsushita 2019.8.18~8.25
Artificial Crossing Dr. So Hanaoka 2019.8.18~8.25

Date Activity
18 Aug. (Sat.) Move to Haneda

Move (Doha-Nairobi)
19 Aug. (Sun.)

Move to Kitui
20 Aug. (Mon.) Seminar on PC programme for statistical data analysis
21 Aug. (Tue.) Seminar on PC programme for statistical data analysis

Meeting with C/P(mating system, artificial crossing and selection for
22 Aug. (Wed.) second generation)
Observation of Melia seed orchard and PTS in Tiva

Move to Nairobi
23 Aug. (Thu.) Meeting with Japanese expert
Move to Doha

24 Aug. (Fri.) Move to Narita (Dr.Matsushita)

Move to Haneda

25 Aug. (Sat.
g (Sat) Haneda to Hokkaido (Dr.Hanaoka)

1. ltinerary

2. Results of major activities
2-1. Observation of Melia PTS in Kitui(Tiva)

We confirmed the result of PTS assessment. KEFRI steadily surveyed not only tree height and
DBH, but also state of trees such as vent of stem, flowering and fruit production. They are paying
attention to keep their concentration for accurate assessment, doing at early morning or evening.
We also confirmed the improvement of assessment system to keep the continuous assessment
with low cost, low labor and high efficiency.

2-2. Observation of Melia seed orchard in Kitui(Tiva)

The Melia seed orchard was established in 2013 and started seed production in 2015. 3 times
seed productions were implemented in 2016 and almost trees in the orchard could produce a lot
of seeds in 2017. The amount of improved seed production from the orchard has been increasing
year by year, as of Aug 2019, almost all trees are blooming and flowering entire the seed orchard.
Therefore we confirmed these two seed orchard take an important role for sustainable forest
management in East Africa amid the high ambitious for tree planting in farmers and private sector.
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We discussed a future roadmap of tree breeding in Kenya with Mr. Kariuki, an assistant
component manager, through considering the next generation and renewal of seed orchard on
Melia. He explained KEFRI is planning signing MOU with BGF and KOMAZA, to enhance seed
production capacity. We suggested that small or middle size seed orchard should be established,
KEFRI should direct the establishment and management of those seed orchards and take a genetic
resource management .

2-3. Study on artificial crossing and mating system of Melia
We have never found how to extent the germination rate in Melia volkensii and whether
inbreeding depression would be occurred or not. If the repercussion by them is higher, their
performance of seedlings from seed orchard might not be maximized. Therefore, we are
proceeding the estimation of mating system using by DNA markers.

As for study on mating system, sampling of material for DNA analysis will be continued for study
on crossing system of Melia, which is conducted by Dr. Omondii. The extraction of DNA will be
started in Dec. 2019, and be analyzed for evaluating the mating system in Jun 2020 after the DNA
testing.

We also made a technical guidance about the experimental designs including the number of
families and samples for analyzing, and, introduced the genetic analysis technique using free data
analysis software “R”.

2-4. Seminar on PC programme for statistical data analysis

Free data analysis software “R”, which has been used in researchers worldwide for statistical
analysis, making chart, programming and simulation etc., was introduced on this seminar as a
programme to analyze the PTS assessment data efficiently. Free and general-purpose software
for data analysis is required to strengthen the ability of researchers in developing countries. This
seminar was planned in 2017 in accordance with our suggestion that a manual of usage of “R”
programme and data analysis was needed for capacity building of KEFRI researchers, and the
seminar and guidance were held in 2 days in Kitui regional centre with 8 participants following
the previous seminar on December 2018.

(Contents of the seminar)

This seminar can be regarded as “intermediate” level, which aimed at strengthening data
aggregation technic, statistics analysis and drawing figures on forestry research activity.

On the first day, after reviewing the last time lecture, we explained basic technic for drawing
figures and analysis method, which is applicable to the wide range of research. The second day,
we implemented a practical guidance so that C/Ps would be able to do programming by
themselves. Until this time, we could strengthened their capacity for data management, drawing
figure and data analysis with basic — intermediate level. Next time we are going to do more
practical one such as breeding scheme and breeding statistics analysis method.

2-5. Lecture and meeting for selecting Melia second generation

Given that the data for growth and flowering is accumulating well in Melia PTS which was
established in 2014, we agreed with Mr.Kariuki about selecting Melia second generation
between Dec 2019 and Feb 2020.
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In this time we explained tree breeding system in Japan, mainly the management of PTSs (ex.
number of new establish PTS a year, planting seedlings per PTS, research labor cost, Schedule
and time span for next generation PTS, Areas, Blocks, and the no. of families/stems per PTS).

Upon that, KEFRI will consider a possible draft implementation guide for selecting second

generation and PTS management guide.

3. Subjects
(Artificial crossing and mating system)
As for studying mating system, after sprouting and extracting DNA from leaves, we will conduct
analysis by using DNA marker.

(Capacity building of statistical analysis for tree breeding)
We will introduce more practical statistic data analysis on tree breeding as “higher” level on the
next time.

(Strengthen improved seed production and promotion in Kenya)
We discussed with Mr. Saito (Component 2) about the following theme.
1. The necessity of establishing new seed orchard
2. Optimization of private sector nursery such as BGF and KOMAZA
3. How to explain about the breeding effect to farmers
As for 3, we will disseminate the knowledge of tree breeding though guideline and brochure as
soon as we quantified the effect of breeding.

(Prospects of capacity building for tree breeding)

CPs research ability for investigation and data analysis of PTS is steadily advancing. The pace of
tree height growing is slowing down in PTS at 5 years after planting. We think it is the right time to
evaluate of selecting superior clones for next generation. Capacity building for line evaluation
method though selecting second generation would be conducted by the end of Japanese FY 2019.

Data on several traits of Melia such as stem straightness and wood property has been accumulated
as well as data of the growth. We forecast that selecting second generation is going to be conducted
between 2019 to 2020 by KEFRI in practice, they would be acquired the skills regarding the series
of tree breeding cycle.

4 . Contact persons
Dr. Muturi, Component manager, KEFRI
Mr. Kariuki, Tree Breeding, KEFRI
Dr. Omondi, KEFRI
Mr. Katsuro Saito, Deputy Chief Advisor, CADEP
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Appendix 5-3-6

Report of short term expert (Artificial Crossing)

Expertise Name Term

Artificial Crossing Dr. Michinari Matsushita 2019.12.7~12.13

1. Itinerary

Date Activity
7 Dec. (Sat.) Move to Narita
Move (Doha-Nairobi)
8 Dec. (Sun.) .
Move to Kitui
Lecture for selecting Melia second generation by referring
9 Dec. (Mon.)

PTSs assessment data

Lecture for selecting Melia second generation by referring
10 Dec. (Tue.)
PTSs assessment data

Confirming and marking to the selected Melia tree at Tiva
PTS

11 Dec. (Wed.) —_
Move to Nairobi

Meeting with Japanese expert

Making a report
12 Dec. (Thu.)
Move to Doha

Move to Narita

13 Dec. (Fri.) . .
Move to Hitachi

2. Results of major activities
2-1. Observation of Melia PTS in Kenya
| confirmed the progress of PTS assessment. KEFRI steadily surveyed not only just tree height

and DBH but also index evaluation such as straightness, the amount of flowering and fruit
production. | suggested that healthiness should be added to the index because recently three
diseases on tree canopy were found in seed orchard and plantation. They are doing an
assessment in early morning or evening to keep their concentration as accurate as possible. We
also confirmed that the assessment data was centrally stored and checked by multiple KEFRI
staff, the assessment system was well managed to keep the continuous assessment with low
cost, low labor and high efficiency.

2-2. Observation of Melia seed orchard in Kenya
The Melia seed orchard was established in 2013 with 100 families and 1,000 mother trees and
started seed production in 2015. in times seed productions were implemented in 2016an and
almost trees in the orchard could produce a lot of seeds in 2017. The total improved seed
production from the two orchards in 2018 has been reached to 1,600kg (nut base). Then we
confirmed these two seed orchards take an important role in sustainable forest management in
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East Africa amid the high ambitious for tree planting in farmers and the private sector. This
trend is prevailing from Kenya to neighboring countries.

We discussed a future roadmap of tree breeding in Kenya with Mr. Kariuki, an assistant
component manager, through considering the next generation and renewal of seed orchard on
Melia. He explained KEFRI is planning to sign MOU and MOA with BGF and KOMAZA(already
signed ) to compliment seed production capacity.

| suggested that small or middle size seed orchard should be established, KEFRI should direct
the establishment and management of those seed orchards and take genetic resource
management.
| also advised that KEFRI should take an initiative to introduce high valued clones for breeding
which estimated high performance of growth, straightness, and fecundity in this time
estimation with preference to seed orchards in the private sector.
| also gave advice to him that selected 2™ generation (later mention in 2-3) of Melia should be
propagated, and clonal seed orchards of 2" gen. should be set up to get a seed for establishing
PTSs of 3™ gen. .

2-3. Selecting Melia second generation by referring PTS assessment data
contents : (see Annex)
| and Mr.Kariuki took a step toward actual selection for next-generation in Kitui center based
on PTS assessment data with lecturing the latest breeding analysis method. Overall steps were

following;

@ Lecture for the general theory and computation of Breeding style

@ Estimation of Heritability in Melia volkensii

@ Evaluation of 1% generation(mother generation) through Backward selection(for mother’s
performance)

@ Evaluation of next-generation through Forwarding selection(for progenies’ performance)

@ Selection of 2" gen. based on breeding values, considering the improvement of multiple traits

@ Scientific discussion for the future direction of Melia volkensii

@ Lecture for the general theory and computation of Breeding style
| lectured the practical method of breeding statistical analysis using free data analysis software
“R” for Mr.Kariuki to enforce his programming capacity to reproduce statistical analysis on his
PC.

@ Estimation of Heritablility in Melia volkensii
We made an estimation of heritability for 6 traits (Height, Diameter, Volume, Straightness,
Fecundity, Healthiness by using 8 2015-PTSs assessment data.
As a consequence, around 0.1[0.06~0.28] heritability has been estimated in multiple traits as
well as other tree species. It shows that highly enough level to be improved in some traits of
Melia volkensii.

@ the evaluation of 1* generation (mother generation) through Backward selection (for
mother’s performance)
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The breeding value of 1°* generation (mother generation) has been estimated by using the
growth trends of progenies in PTS that enable to estimate “good mother”, which is better seed
productivity, growth and straightness. It became clear to select mother tree families for
establishing clonal seed orchard (production group) based upon the breeding value.

@ the evaluation of next-generation through Forward selection(for progenies’ performance)
In general, there find a better or worse growth even in PTS by land.
We evaluated the progenies’ performance by correctly accounting based on AR spatial
correction.

@ Selection of 2" gen. based on breeding values, considering improvement of multiple traits
The selection for improving multiple traits in simultaneous based on each breeding value has

been implemented based on step @ under the following consideration.
First, considered as many as diverse mother lines could contribute to next-generation because
the breeding group in Melia volensii has already been narrowed to 100 groups (3,800 in first
gen. of Japanese cedar). In the process of setting up each PTS, 60-70 fruited mothers from seed
orchard. Then bottom % of which has been excluded so that the rest 50 families could be
contributed to the next generation.
Second, we set the criteria to select 5 progenies per PTS in the top 4 performance mother
groups as in step @ The number of candidate progenies was gradually allocated from the
highest rank. The order of prioritizing traits are; 1.volume, 2.straightness and healthiness,
3.fecundity, it was considered that selecting estimated breeding values in each trait were as high
as possible and not under the average. Finally, we virtually selected 85 individual Melia, which
was around 10% of the number of average trees in each PTS. We actually confirmed the
selected individual tree in Tiva PTS, marked better ones with yellow paint.
After that, we discussed a future Melia breeding plan that setting up 100 individuals in each
region (2" gen, 400 in entire Kenya) is a manageable breeding group in Kenya.

@ Scientific discussion for the future direction of Melia volkensii
At this time, | explained the overview of tree breeding in Japan (ex. number of candidate tree in
a breeding group of each generation, subpopulation, PTS management (ex. number of new set
up, number of planting per PTS(families/progeny seedlings), annual labor cost, how to consider
the age for selecting, diversity and extent of selection, etc.). Upon that, | advised that KEFRI
should manage a breeding cycle (establishing 2" gen. seed orchard in each breeding region,
establishing PTS for 3™ gen. by seedlings from the seed orchard).
This time’s evaluation was about a third of average harvest age (15 years, 30-40cm diameter),
average DBH in PTSs were over 10cm (over 20cm in only 4 years old at best). | thought this
evaluation was generally reasonable, the current PTS should continue to assess to know the
correlation between the estimation in the younger age and that in the harvest age.

3. Subjects
(Capacity building of statistical analysis for tree breeding)

| have finished strengthening their ability of the general statistic data analysis on tree breeding
at this time, keep following up some subjects such as programming.
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(Prospects of strengthening seed production and promotion in Kenya)

The progress of cooperation with Component 2(Pilot Implementation) are the following;

1. To address the increasing demand for improved Melia seed and insufficiency of provision,
KEFRI and long term experts are discussing the possible new seed orchard in addition to Kitui
and Kibwezi.

2. They shared the view that it was quite difficult for the county government to manage seed
orchard, they would support a certified private sector on behalf of counties as a way to
strengthening the seed production capacity.

3. While increasing expectation to improved Melia among the farmers, it is not necessarily clear
to explain how much was improved Melia compare to conventional Melia seeds.

Regarding 2, MOU and MOA have been signed between KEFRI and KOMAZA, so | would be able
to  support KOMAZA to establish a regional seed orchard by providing seeds from great Melia
mother trees which were identified by analyzing. As for 3, the knowledge for tree breeding
through the analysis should be widely promoted by handing out a guideline and brochure.

(Prospects for tree breeding in Kenya)

The series of tree breeding, (looking for Melia plus tree candidate, setup of seed orchard and
PTSs, assessment of PTSs), have been implemented steadily. Given that KEFRI selected the
second generation of Melia in this time, | hope that we have transferred the series of breeding
cycle to Kenya, that could be enforced their research and development capacity.

4 . Contact persons
Mr. Kariuki, Tree Breeding, KEFRI
Mr. Keiichi Takahata, Chief Advisor, CADEP
Mr. Katsuro Saito, Deputy Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
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