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Chapter 1 Outline of the project

1. Background and objective of the project

1.1 Background

In Kenya, the arid and semi-arid areas (ASALs) account for 80% of the land area, and the forest area occupies
only 5.9%' in 2018. About 70% of energy source consumed in Kenya are accounted for by fuel wood and
transferring the forest area to farm lands is proceeding. Conservation and reservation of the natural resources,
therefore, is considered to be the important national issue in Kenya.

Furthermore, Kenya has been considered to be one of the most vulnerable country to climate change and
frequent extreme climate events such as heavy drought or strong wind could be concerned. Promotion of
REDD+ (Reducing emissions from deforestation and forest degradation) and capacity development for
sustainable forest management are considered as the most important developing issues in terms of mitigation
of climate change as well as expansion of forest areas.

The Kenya’s national development program, Vision 2030, states that it aims to achieve a minimum 10% forest
cover by 2030, which was 5.9% in 2018. In this situation, the government of Kenya has established National
Forest Programme (NFP) 2016-2030 which aims at sustainably managed forests and allied natural resources
for social economic growth and climate resilience and increases forest/tree cover to at least 10% on public,
private, and community lands. And the government of Kenya has set the goal of increasing and maintaining
the national tree cover to at least 10% by 2022.

Since establishment of Kenya Forest Research Institute (KEFRI) by Japanese grant aid, Japanese government
has implemented technical cooperation with KEFRI and Kenya Forest Service (KFS) through promotion of social
forestry in Kenya for more than 30 years. Recently “Project on development of drought tolerant trees for
adaptation to climate change in drylands of Kenya (2012~2017)” had been implemented for enhancing
research ability of KEFRI and extension system to promote planting indigenous trees in ASALs. All the while
“The Forest Preservation Programme (2010-2013)” had been implemented as a grant aid environment
program to support making land use map and so on for contribution to establishment of National Forest
Monitoring System (NFMS) on REDD+. KEFRI, furthermore, has implemented “Social Forestry for adaptation
to climate change (2014~2018)” as the 5! phase of a third country climate change action and social forestry
extension training program which has been supported by JICA since 1995.

Kenya, in this background, requested to Japan a technical cooperation on capacity development for
sustainable forest management.

With development cooperation mentioned above deployed in the field of forest and forestry in Kenya, it is
requested, in the context of achieving the national forest cover target of 10%, to set to capacity development
of officers in country governments which have taken a role of forest extension as part of decentralization, and
to capacity development of policy making and administration for the officers in Ministry of Environment and
Forestry (MoEF), KFS and relevant organization.

In response to the request, a new technical cooperation has started in June 2016 for 5 years, which consists
of 5 components such as support of forest policies, forest extension in ASALs, REDD+ readiness, tree breeding
and regional cooperation in Sub-Sahara Africa. The purpose of the project is to strengthen the national and
county government capacity for sustainable forest management toward achieving the national forest cover
target of 10%.

1 the figure is based on the National Forest Reference Level (FRL) submitted to UNFCCC by Kenya
Government.



1.2 Objective of the project
(1) Overall goal

Sustainable forest management is promoted in Kenya towards the national forest cover target of 10%.

(2) Project purpose

Capacity at the national and county level for sustainable forest management is strengthened.

(3) Outputs

1. Implementing and monitoring capacities of forest-related policies/strategies at the national level are
enhanced.

2. Capacities of public and private sectors, and NGOs/CBOs to promote tree growing in ASALs are
enhanced through forest extension activities.

3. Technical capacities for REDD+ readiness activities and forest monitoring for sustainable forest
management in KFS are strengthened.

4. The capacity of breeding techniques for drought tolerant trees in KEFRI is improved.

5. Capacity of regional cooperation in KEFRI is intensified by promoting knowledge sharing and transfer of
technologies for strengthening the resilience to climate change and drought in Sub-Sahara Africa.

1.3 Period of the project

5 years, from June 2016 to October 2021 (5 years and 4 months)
Entrusted Period of Tree breeding (Output 4) to FTBC is from September 2017 to October 2021(4 years
and 4 months).

1.4 Implementation agencies

Ministry of Environment and Forestry (MoEF), Kenya Forest Service (KFS), Kenya Forest Research Institute
(KEFRI) and County Governments

2. Purpose of work

Forest Tree Breeding Center, Forestry and Forest Products Research Institute (FTBC, FFPRI) is responsible to
the output 4 of the project “The capacity of breeding techniques for drought tolerant trees in KEFRI is
improved”. C/P Institution of this work is KEFRI.

This work takes a follow up of the previous tree breeding project “Project on development of drought
tolerant trees for adaptation to climate change in drylands of Kenya” which was finished at July 2017 and
also implement a new research activity as artificial crossing of Melia for making of second generation to
contribute to improvement of capacity for tree breeding research in KEFRI.



3. Target area of work

Main target areas of work are Tiva and Kibwezi where orchards and PTS were located.

Makima Sub-PTS

Marimanti PTS

Nairobi

Yikithuki Sub-PTS

Voi Sub-PTS

@® Melia Orchard/PTS/Acacia Seed Stand © PTS

o

Gaciongo Sub-PTS

Tiva Orchard/PTS/ASS

Kibwezi Orchard/PTS/ASS

Kasigau PTS

Sub-PTS




Chapter 2 Contents of activities

1. Basic Policy of activities

The previous tree breeding project “Project on development of drought tolerant trees for adaptation to climate
change in drylands of Kenya (2012~2017)” implemented analysing genetic variation, tree breeding research,

developing propagation techniques and drought tolerance research through introducing advanced breeding
technology. Based on these works, CADEP component 4 started an advanced research activity for producing
Melia volkensii second generation of plus trees which would complete a cycle of tree breeding. The final goal

of the work is to build a breeding research ability to accomplish the breeding cycle.

(1) Tree Breeding

Tree breeding in Kenya has been on the first stage with 2 Melia seed orchards™ and its 12 progeny test sites™
established in the previous project as a base for research activities. Data collection from the test sites begun
and has been continuously implemented.
The main activity in this project was therefore to provide a guidance on proper data collection in the progeny
test sites and accurate analysis to select excellent trees, which would allow KEFRI staff to proceed in making
second generation. This was to contribute to stepping-up their research ability by acquiring a capacity to
accomplish an entire research cycle of tree breeding.
Another activity on breeding was for Acacia tortilis which followed the activities for Melia based on collection
of data from 2 Acacia seed stands"3. Technical guidance was provided for Acacia seed stand management, to

maintain the seed stand healthy and appropriate for efficient seed production.

(2) Propagation techniques

In the former project, grafting technique of Melia has been established and transferred to KEFRI staff. Cutting
propagation technique, however, has not been established completely though it was an important technique
to reproduce superior clones and thus establish a seed orchard efficiently. Therefore, some experiments of

cutting have been implemented and some of them was successful. Same work for Acacia was also conducted.

(3) Artificial crossing of Melia

A study on artificial crossing of Melia to produce its next generation. This was to cross entomophilous flowers
of Melia, which had been thought to be a challenge. Flowering phenology and characteristic of seed production,
as basic data collection, were studied first and study on pollen collection and preservation was also

implemented.

(4) Drought tolerance
Some candidate clones as drought tolerant trees had been selected through several experiments in the former
project. Detailed investigation was conducted to develop indices on drought tolerance by the team of Kyushu

University.



(Reference)

* 1

* 2

* 3

: Melia Volkensii orchards were established in Tiva (Kitui) and Kibwezi (Makueni) in2012, 2013 and 2014,

which has totally 6,000 trees, 21.6ha.

: Progeny test sits(PTSs) were established in 2014, and 2015 at 12 different sites across four agro-ecological

zones in Gaciongo, Marimanti, Makima, Tiva, Yikithuki, Kibwezi, Voi, Kasigau, which has totally 5,400
trees, 10.6ha.

. Acacia tortilis seed stands were established in Tiva and Kibwezi in 2015 and 2016, which has totally 4,300

trees, 6.6ha.

Figure OP 4-1: Flow Chart of Tree Breeding on Melia and Acacia



2. Implementation of activities

2.1 (Activity 4-1) Improve the quality of clonal seed orchard of Melia volkensii

This activity aimed at improving the quality of clonal seed orchards of Melia through selection of excellent

plus trees based on drought tolerance indices and progeny test site data analysis.

4-1-1 Development and application of drought tolerance indices related to the growth of Melia

a. Comparison of the growth of superior and inferior clones selected from Candidate Plus Trees (CPTs) —seed
orchard in Tiva and Kibwezi

In 2017, the seasonal stem growth patterns of superior and inferior clone were compared. The superior clone

continued its growth under water stress, with the stem shrinkage smaller than that of the inferior clone. This

result suggested that superior clone has some physiological features to reduce the effect of water stress. There

was a possibility of related parameters being developed as indices for plus tree selection of Melia.

In 2019, stem volume growth of plus trees planted at Tiva and Kibwezi seed orchards was compared. There
was a significant positive correlation between the volume each family has in Tiva and Kibwezi. This result
suggests that the selected superior or inferior clone has a genetically high or low growth ability. There was also
a significant positive correlation between stem volume of 2 years and 7 years old. This result suggests that we

can select the superior clone in young stage.

b. Comparison of physiological features of superior and inferior clones selected from Candidate Plus Trees
(CPTs) — nursery in Kitui center

In 2017, the light-photosynthesis curve and leaf chlorophyll content of the

superior and inferior plus tree growing at Kitui nursery investigated.

There was an obvious difference among maximum photosynthesis of each clone,

which was from 9 to 18 umol CO2/m?/s.

However, the photosynthesis of superior clone was not necessarily larger than

that of inferior clone, nor a remarkable difference among leaf chlorophyll

contents.

Figure OP 4-2: Measurement

of photosynthesis

c. Development of drought tolerance indices related to the growth of Melia

Characteristics of Melia seedling grown from open seeds of superior and inferior clone were studied from 2018
to 2020. Tree height (H) of superior clone was a little lower than that of inferior clone and the stem diameter
at ground level (D) of superior clone was a little larger than that of inferior clone. As a result, the H/D ratio of
superior clone was smaller. There was a possibility that H/D ratio of seedling were an available index for

selecting the Melia plus tree.



Seedling from inferior clone

Figure op 4-3: Comparison of the shape of superior and inferior

d. Classification of Candidate Plus tree into different drought tolerance levels

The superior clone seemed to have characteristics which were related to drought tolerance. In this regard,
measurement of the morphological features related to drought tolerance by using seedlings from selected plus
trees was conducted. Seedlings from 36 clones were compared, and the H/D ratio of superior clones was
smaller than that of inferior clones. The result suggested that smaller H/D clone tended to more widespread in
growth and that D was bigger in fast-growth clones. Consequently, the H/D ratio of seedling seems to be an

available index of drought tolerance for selecting the plus tree of Melia volkensii.

4-1-2 Evaluation of traits of plus trees

a. Assessment of PTSs

In 2017-2020, the assessment of PTSs is implemented by KEFRI principally twice a year in Jan-Feb. and Jul-Aug.
In 2018, short term experts made lectures to improve the capacity of trait measurement in PTS assessment,
such as measurement procedure for indexing fecundity, healthiness, and stem form of Melia in PTS. By these

lectures, the capacity of C/P in terms of data aggregation technic on research activity was strengthened.

b. Data analysis

b-1 Data analysis

FTBC input the assessment data on Feb. & Aug. 2018 into data file, and has carried out detailed analysis.
Through the analysis on growth and seed production, superior clones showing both superior growth and good
seed production were identified.

The results of breeding were as follows:

a) There was a significant growth variation among families, despite of large between- and within- site growth
variation.

b) Based on the breeding analysis, performances of both growth and seed production were thought to be
improved in the future.

c) The progenies of “good” families always showed faster growth across sites.

In 2021, KEFRI input the assessment data on June 2021 into data file. FTBC and KEFRI analysed the data for

genetic evaluation of plus trees for preparation of plus trees traits table.

b-2 Training
Short term experts delivered lectures for data analysis of PTS assessment to KEFRI researchers, using common

data analysis software on Dec. 2018 and Aug. 2019. These seminars should be of an intermediate level, which



aimed at strengthening data aggregation technic, statistics analysis and drawing figures on forestry research
activity. FTBC and KEFRI shared the statistical analysis scripts for the evaluation of plus trees to enhance data

analysis techniques for the subsequent data sets.

Figure OpP 4-4: Training for data analysis of PST assessment

b-3 Plus tree traits table

In 2020 FTBC and KEFRI analysed growth and other traits using the data obtained in PTSs and seed orchards,
calculated breeding values and clonal values for each plus trees. FTBC and KEFRI compiled the result and
developed a draft of plus tree traits tables.

In 2021, FTBC created the latest ‘Plus tree traits table of Melia’ based on 2021 PTS assessment (5t year) data
which was sent by KEFRI.

Though the H/D ratio of seedling derived from orchard open pollinated seeds seemed to be an available index
of drought tolerance in Activity 4-1-1, it was not incorporated in ‘Plus tree traits table of Melia’, because the

correlation between the H/D ratio and the latest PTS assessment data was not identified.

b-4 Selection of 2" generation based on breeding values

FTBC and KEFRI selected 400 individuals of 2" generation Melia. This activity was an advanced progress beyond
the scope of CADEP.

On Dec.2019, short term expert and C/P took a step toward selection for next-generation, based on PTS
assessment data with a lecture on the latest breeding analysis method.

According the capacity development activity [4-1-2a: assessment of PTSs], C/P of KEFRI had collected abundant
data of multiple traits of Melia, including stem height, diameter, volume, stem form, fecundity and healthiness.
Using these data of multiple traits, a selection which would improve multiple traits simultaneously had
implemented.

FTBC and KEFRI analysed the PTS data and estimated genetic performance of Melia trees in PTS. The order of
prioritizing traits in ranking families were; 1. volume, 2. stem straightness and healthiness, 3. fecundity.
Meanwhile it was considered to select progenies in a way that the estimated genetic performance in each trait
were kept as high as possible.

FTBC also advised that it was important to balance improving multiple traits and keeping genetic diversity as
wide as possible because the original breeding population size of Melia volkensii had been relatively small (100
CPTs of 1%t generation).

With the principles above, KEFRI and FTBC researchers selected about top 10% trees in each PTS. These
selected individual trees were marked with yellow paint. (Figure OP 4-5)

These activities were followed by discussions on a future Melia breeding plan setting up breeding population
of 100 2" gen individuals in each of 4 eco-regions (400 in entire Kenya), which were thought to be manageable

breeding genetic resources in Kenya.



Figure OP 4-5: Selected 2" generation trees with marking by yellow paint.

c. Guidance on maintenance measures of PTSs

c-1 Efficient weeding

In 2017 and 2018, FTBC and KEFRI discussed how to implement efficient weeding on seed orchards and PTSs.
FTBC suggested introducing bush cutters with engine, and accordingly the director of Kitui regional center
requested a purchase of the machines. In 2019 and 2020 weeding on each site was properly implemented.
c-2 Monitoring of all PTSs

In 2017-2020, a staff of site management monitored all sites including seed orchards and PTSs to check weed

or any problems such as pests and diseases and reported the result to the chief advisor.

4-1-3 Improvement of seed orchards through rogueing
a. Stem cutting and branch pruning
In 2019, the methods of stem cutting and branch pruning in seed orchards are discussed.
b. Rogueing
In 2019, short term experts of FTBC lectured and proposed several ways of improving the “quality” of seed
orchards in terms of tree breeding. Based on the results of the activity 4-1-2 [Evaluation of traits of Plus trees],

a plan of rogueing of inferior Melia clones was planned.

In May 2020, FTBC and KEFRI made a meeting to improve seed orchard quality. According to the technical
guidance of FTBC, inferior clones in seed orchards were planned to be rogued on May to Oct. 2020. However,
it was hard to do that due to COVID.

In 2021, FTBC presented way of rogueing based on the trait table - result of statistical analysis in PTSs. FTBC

and KEFRI discussed the future plan of rogueing and concluded to implement in the near future.

4-1-4 Development of a manual for maintenance of seed orchard

a. Development of manual

In 2021, KEFRI and FTBC prepared a maintenance manual of Melia seed orchard, the contents of which were
selection of plus trees, establishment of clonal seed orchards, reducing pests and diseases, weeding and seed

production.

b. Technical support
In 2017, FTBC provided a cracker for walnut for efficient removal of seeds from Melia fruits or nuts. It was tested

to split or crack Melia nut but was found not successful and need to be improved, still it could be used for Melia



green fruit to get seeds.

4-1-5 Study on clone propagation technique for Melia

a. Technical support

a-1 Cutting

From2017 to 2020, FTBC has supported development of cutting propagation technique on Melia volkensii. The
study was carried out for specified clones and period to establish the technique. FTBC took a pre-test study on
cuttings of Melia azedarach, a native tree species of the same genus in Japan. FTBC introduced some measures

based on the study.

In 2018, three trials of Melia volkensii cutting were implemented using sand medium. The trials used scions
collected from green branches and young sprouts in Tiva seed orchard. One of the trials were conducted in
an appropriate time of the year (1 month after the beginning of Rain season), however, neither callus formation
nor rooting could be confirmed. The other trials showed the same results.

Another two trials of Melia cutting were implemented in 2019. One of the trials was conducted based on the
difference in the medium (old-cocopeat, sand and pumice). After 6 months, one of the scions (coco peat, no

IBA) was rooting. In 2020 Melia cutting trail suspended due to the Pandemic.

Through the plural trials above rooting was confirmed in only one scion. More study will be needed to produce

clones for efficient seed orchard establishment.

Figure OP 4-6: Scions from green Figure OP 4-7: Rooting scion (Feb. 2020)
branches (Apr. 2018)

a-2 Air layering

Short term experts tried air layering/marcotting to Melia in Kenya as the cutting test was not successful. Air-
layering / marcotting method trial was done in Tiva seed orchard in November 2019 with 24 branches of several
mother trees selected randomly. It was done quickly as C/P of KEFRI were skilled at air-layering, having
experiences and necessary equipment for air-layering, but the result was confirmed not successful in 2021.

b. Development of clone propagation manual

A “Guidelines for clone propagation of Melia volkensii” was made. The contents were grafting and other clonal

propagation technique.

(Outcome of activity 4-1)
In 2021 the following guidelines were compiled.
- Plus trees traits table on Melia volkensii in the drylands of Kenya

- Manual for managing Melia seed orchards
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- Guidelines for clone propagation of Melia volkensii

2.2 (Activity 4-2) Study of artificial crossing towards second generation of Melia volkensii

This activity aimed to implement a basic study on crossing of M. volkensii in the seed orchards towards the

second generation, including study of phenology

4-2-1 Study on mating system

a. Phenology

Observation of seed orchards for study on phenology was carried out from 2017 to 2020, from Aug. to Sep. and
from Feb. to Mar. every year. The observation confirmed large variation among clones in phenology. In addition,
nuts/seed production capacity of Tiva and Kibwezi seed orchards was investigated. Seeds have been collected
three times a year since 2016, and fruiting were observed in almost all mother trees in 2017. In 2019, flowering

in full bloom was observed throughout the both seed orchards.

b. DNA analysis for mating system

In 2017, short term experts of FTBC lectured several scientific approaches for producing next generation
including artificial (hand) pollination, open pollination and within-tent pollination system.

In 2018, seed sampling for DNA analysis started but the germination rate was not sufficient. In 2019, 10-15kg
of fruits were collected from 2 blocks of Tiva, however, the germination rate was about 30% which was still not
enough for analysis. In the next season, more seeds collected and germination rate reached 60%, which finally
provided 480 seedling samples from 10 mother trees.

In 2019 to 2020, DNA extraction from germinated seedlings was conducted by C/P. The extraction started in
Dec. 2019 and materials were prepared in 2020. FTBC provided C/P with technical guidance of analysis so that
DNA genotyping by using Simple Sequence Repeat (SSR) marker would be carried out. However, analysis
delayed due to inadequate supply of consumables during COVID pandemic, and finally the planned DNA

genotyping by SSR marker was not accomplished.

4-2-2 Study for effective methods of artificial crossing
a. Collection and preservation method of Melia pollen
Study on preservation of Melia pollen was conducted using a phial with silica gel. Artificial crossing was
conducted to confirm the viability of stored pollen in Tiva orchard in 2018 through guidance of a short-term
expert. The experiment found fruit production very low, suggesting that the collection of Melia pollen seemed

to be possible but as difficult as known for other tropical tree species.

b. Searching effective methods of artificial crossing

Study for effective methods of artificial crossing was designed by C/P according to advises by short-term experts.
In order to confirm self-fertilization, a bagging experiment at Tiva orchard was implemented since 2018.
Unopened buds in inflorescence were covered with mating bags to prevent contamination of pollen from other
trees by small insects. Pollen was collected from stamen and reserved in a bin, and then applied to pistil of
another clone using a fine brush. After brushing, the pistil was covered by a mating bag to prevent
contamination by other pollen. The fruit production was observed as being low level, suggesting that artificial
crossing was technically possible, but actually not as its efficiency relative to labour (bagging inflorescences,
collecting pollen from father clones, and conducting hand pollination to mother clones) was quite low.

According to the results of trials, short term experts of FTBC and C/P of KEFRI discussed that the open
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pollination system seemed to be better in terms of the efficiency - cost (labour, budget and time) balance - for

producing next generation Melia.

Figure OP 4-8: Observation of processing on artificial crossing

(Outcome of activity 4-2)

Through these technology-transfer activities by short-term experts, the capacity of pollen collection and
artificial crossing technique have been strengthened so that the mating experiment can be independently
designed and conducted by C/P. In addition, the capacity of C/P to study mating system via genetic experiment
was also strengthened. In 2021 Guidance of crossing technique towards second generation of M. volkensii was

compiled.

2.3 (Activity 4-3) Improve the seedling seed stands of Acacia tortilis

This activity aimed at improving the seedling seeds stands of Acacia through selection of excellent plus trees

based on data analysis of progeny test sites.

4-3-1 Assessment of PTSs
In 2017-2020, the assessment was to be implemented twice a year on Jan-Feb. and Jul.-Aug., but actually done
on Aug. 2017, Feb. 2018, Aug. 2018, Sep. 2019, Mar. 2020 and Mar./May. 2021.

4-3-2 Data analysis and evaluation of traits of plus trees (1%-4t" year)

From 2017 to 2019, KEFRI staff filed the assessment data from PTSs with assistance from FTBC. FTBC analyzed
the data and gave a guidance to C/P. Traits on each family were evaluated with the data at the 2" year after
planting.

Growth of each family in the stands had been generally good and it was difficult to evaluate and differentiate
superior (plus) trees and inferior trees. Upon this, improvement of the stands was planned to remove the trees
systematically, not individually, felling trees on a diagonal line and leaving the ones on an adjacent diagonal line,
and so on, choosing the lines so that the volume of remaining trees would exceed that of removed trees.

In 2019, FTBC discussed with KEFRI C/P how to assess the quality of Acacia wood. Upon the discussion, wood
density was measured first, then carbon stock per tree was estimated from stem and branch weight in addition
to digging up and weighing root biomass. The result of the research would contribute to the estimation of
Green Carbon in planting activities.

In 2020-2021, apart from the thinning below, wood properties (density) data was collected using an equipment
“pilodyn” as well as the measurement of woody biomass. 15 trees were selected per site five each from fast
growing, medium growing and slow growing families. The total usable biomass collected and weighed per tree

(figure 4-11). Disk samples were collected for carbonization and energy property tests.
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4-3-3 Improvement of seed stands (Thinning of trees)

In 2018 the trees in Acacia seed stand showed very good performance, grew to self-standing stage. Upon that
thinning of trees was planned by Dr. Ndufa (then Director of Kitui center) and short-term expert to implement
in Aug. to Nov. 2019 for stands-2015 and in the end of Nov. 2019 for stands-2016.  However, the thinning
was postponed to the following year due to the early started and prolonged rainy season in 2019 and so again

due to the following COVID-19 pandemic.

In 2020 lighting condition of the branches of Acacia became unfavourable due to overgrowth. Making more
space between trees was thought to be urgent issue despite covid-19 outbreak in Kenya. Upon this, in Nov.
2020 thinning was carried out in a way planned in 4-3-2 for the 2015 stands in Tiva and Kibwezi. 250 trees were
removed diagonally to half the trees in Tiva and 324 trees from Kibwezi site. The thinning of 2016 stands was
done in March 2021 by the same method (figure 4-9,4-10). Promoting Acacia flowering is expected by the
thinning.

While thinning was carried out as above, flowering condition continued to be low. FTBC and KEFRI discussed to

postpone stand improvement to the year after 2022, when sufficient flowering would enable evaluation of

fecundity.
Figure OP 4-9: Felling Figure OP 4-10: Cleared Figure OP 4-11:
and clearing -Tiva floor - Tiva Weighing samples

4-3-4 Study on clone propagation technique for Acacia

Development of clonal propagation technique is required to establish next generation Acacia seed orchard.

A trial on grafting method of Acacia was done in 2018 using scions collected from 5-year Acacia in Kitui nursery
with instructions from short term expert to select and prepare scions. However, the result was not satisfying.
Another trial on grafting was done in 2019 using scions from three better growth families on Tiva seed stand.
The grafts were kept under cheesecloth, watered twice a day (AM/PM), which were basically the same way as
these with Melia. The result was not good again.

In 2019 ‘Fukurotugi’ method (bark grafting) which never tried before for Acacia was carried out in November
2019. The grafts were kept under cheesecloth in Tiva nursery. However, the result was not good. More study
will be necessary to realize clone propagation of Acacia for establishing next generation efficiently. All the while,

KEFRI staff already understood the grafting method so technical transfer was thought to be achieved.

13



Figure OP 4-12: Grafting by KEFRI staff Figure OP 4-13: Grafting Guidance
(Jan. 2018) (Nov. 2019)

(Outcome of activity 4-3)

The seedling seed stands showed good growth despite poor flowering. The biomass measurement will give an
important information for its fuel usage. Stand thinning will pave towards healthy stand condition and better
flowering in the near future which will be assessed and evaluated. The clone propagation was found not
successful with current grafting methods. In 2021 Guideline for establishment and Management of Acacia

tortilis Seed Stand in Kenya was compiled.

2.4 General work

FTBC couldn’t dispatch the short time expert continuously due to COVID-19 pandemic since Mar. 2020. In this

satiation, FTBC maintained close contact with KEFRI and chief adviser of project for monitor the progress of

activities so that FTBC implemented the project activities efficiently.

(1) Making of work plan (2017-20220)
FTBC made basic policy of activities in accordance with the Record of Discussion and Minutes of Meeting
on the project. And according the analysis of the result on the former tree breeding project, FTBC made a
work plan and finalized it taking account of comments from Global Environment Department of JICA and
chief adviser of project. FTBC explained the work plan to KEFRI, JICA Kenya Office and long term experts
and it was authorized in Kenyan and Japanese sides.

(2) Attendance to meetings concerned
FTBC participated the following meetings and makes necessary discussion with staff concerned.

a. JcC

Joint Coordination Committee Meeting held on 5% Dec. 2017

Joint Coordination Committee Meeting held on 19t July. 2018

Joint Coordination Committee Meeting held on 21t Feb. 2019

Joint Coordination Committee Meeting held on 28th Jan. 2020

Joint Coordination Committee Meeting held on 14t Sep. 2021 (as an online attendee)

YV V VYV V

b. PMU

Project Management Unit meeting held on 27" Nov. 2017

Project Management Unit Meeting held on 23rd May. 2019

Project Management Unit Meeting held on 26th Jan. 2021 (as an online attendee)
»  Project Management Unit Meeting held on 3rd Sep. 2021 (as an online attendee)

c. Seminar

Y V V

» Melia promotion seminar held 16" May. 2018(Component 2)
d. Workshop
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>
>

CADEP project interaction workshop held 26th Jun. 2018
CADEP project interaction workshop held on 23th Jul. 2019 in Kitui

e. Online meeting with C/P

>

>

KEFRI-FTBC experts (3 from KEFRI, 7 from FTBC) had an online meeting with 3 long-term experts and
a JICA Kenya officer on 15 February 2021. They confirmed the progress and future activities in the
latter half of the 4% year and the former half of the 5" year.

KEFRI-FTBC experts had an online meeting on 26" Apr. 2021. They confirmed the progress and
future activities.

KEFRI-FTBC experts had an online meeting on 15t Jul. 2021. They confirmed the schedule of making
Guidelines.

KEFRI-FTBC experts had an online meeting on 6th Aug. 2021. They confirmed the progress and
future activities, especially rogueing of Melia orchards and PCR.

KEFRI-FTBC experts had an online meeting on 30th Aug. 2021. In the meeting FTBC lectured on
rogueing of Melia.

(3) Monitoring

>

FTBC made a monitoring sheet in accordance with the “Monitoring procedure for technical
cooperation” with C/Ps and submitted it to the chief advisor. Items for the monitoring include
activities implemented, specific results, subjects to be solved and external factors that could
influence the progress of the project activities or results, and the items were confirmed and
recorded for the sheet by FTBC and C/Ps. It was submitted to Chief Adviser of Project August and
February every year.

(4) Implementation report

>

FTBC made an implementation report on Feb. every year and submitted it to JICA.

(5) Publicity works
FTBC attempted more effective publicity works so that the activities of this work are better understood

around Kenya and abroad through sending information concerned on web-sites in Kenya or releasing results

of research activities at an academic meeting and publications on and out of Kenya. For example, Tree

breeding project in Kenya was submitted on information Magazine of Forestry Agency “Rinya”

FTBC received 3 CPs from Kenya for training course and provided lectures on tree breeding and distribution

system of improved seed and seedling in Japan on Nov. 2017.

(6) Implementation and progress management of work [Appendix 5-1-1~8)

(FY. 2017)

- Project coordinator was dispatched to attend PMU and JCC meeting and explained activities on tree breeding

of Component 4 for 4 years on Nov.2017.

(FY. 2018)

- Project coordinator was dispatched to talk about an annual budget for tree breeding activities on component
4 with CPs and chief advisor, and support a study on propagation technique on Apr. 2018.
- Project coordinator was dispatched to attend Melia promotion seminar, and observe Melia plantation by a

private sector, which has a plan to make a Melia seed orchard on May 2018.

- Project coordinator was dispatched to attend CADEP component workshop on Jun. 2018.
- Project team leader and coordinator were dispatched to attend 6™ JCC meeting on Jul. 2018.
- Project coordinator was dispatched to talk about tree breeding activities on component 4 with CPs, and

conduct a study on Melia cutting on Nov. 2018.

- Project team leader and coordinator were dispatched to discuss the component activities with JICA mid-
term review team, and attend 7" JCC meeting on Feb. 2019.

(FY. 2019)
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- Project coordinator and expert were dispatched to talk about an annual budget for tree breeding activities
on component 4 with CPs and chief advisor, and attend project management unit meeting and observe
Melia plantation by a private sector, which has a plan to make a Melia seed orchard on May. 2019.

- Project coordinators were dispatched to attend the 2" Interaction workshop on Jul. 2019 and attend the
meeting for collaboration between component2 and 4.

- One expert was dispatched to talk about tree breeding activities on component 4 with CPs, and conduct a
study on Melia cutting and Acacia grafting on Nov. 2019.

- Team leader and coordinator were dispatched to discuss the component activities with CPs, and attend the
5th JCC meeting on Jan. 2020.

- One expert was dispatched to talk about tree breeding activities on component 4 with CPs, and conduct a
study on Melia cutting and Acacia grafting on Feb. 2020.

(FY. 2020)

- FTBC team have not been to Kenya since March 2020 because of spreading COVID-19. For this reason, they

confirmed the progress of activities by e-mail and web meeting
(FY. 2021)

- FTBC team have not been to Kenya since March 2020 due to continuously COVID-19. For this reason, they
confirmed the progress of activities by e-mail and web meeting
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Chapter 3 Challenge and Lessons learnt

1. Challenge and lessons learnt on implementation

1.1 Method of implementation activities

Forest Tree Breeding Center (FTBC) has provided latest technologies of breeding in “Project on development
of drought tolerant trees for adaptation to climate change in drylands of Kenya (2012~2017)” and delivered
technical guidance and supports such as analyzing genetic variation, tree breeding research, developing
propagation techniques and drought tolerance research.

FTBC conducted capacity development on breeding research ability of KEFRI researches with seed orchards
and progeny test sites established so ever and knowledge found in the former project. Notably, for Melia
volkensii we started a new research activity such as clone propagation and artificial crossing for producing
Melia second generation of plus trees and show a cycle of tree breeding so that KEFRI would acquire breeding
research ability with which it could continue the breeding cycle.

(1) Tree Breeding

In the tree breeding project of Melia in Kenya, foundation of breeding activity, namely, launching 2 seed
orchards and 8 progeny test sites, evaluation of genetic diversity of the target population and making relevant
guidelines, had been accomplished as well as data collection from the test sites had begun in the former
project. Following this, majority of the data from the orchards and PTSs was collected in the current project.
Based on these progress, KEFRI acquired advanced techniques in tree breeding such as trait analysis with
newly collected data in the PTSs and forwarding targeted population to second generation, with the
assistance from FTBC researchers, so that KEFRI can implement tree breeding program for generations
independently. The capacity of C/P and level of research work were augmented to more elevated stage.
Such breeding guidance was conducted based on scientific data promoted C/P understanding and activities,
especially in the selection of Melia second plus trees from PTSs and improvement of orchard using trait table
prepared from data of PTSs. Lectures on data analysis for PTS assessment using free, common data analysis
software were delivered to KEFRI researchers by FTBC short term experts.

Regarding Acacia tortilis, the seedling seed stands growth assessment and establishment of the basis for plus
tree seed production were carried out based on research experience from Melia. The thinning work in the
seedling seed stands was conducted properly by C/P themselves with remote guidance from Japanese

experts under pandemic, together with wood density and biomass measurement.

(2) Propagation techniques

Grafting technique of Melia has been established and transferred to KEFRI staff in the former project. Cutting
technique, however, has not been established completely while cutting is an important propagation
technique to produce superior clones and establish a seed orchard efficiently. Some experiments of cutting
have been implemented earlier and some of them confirmed successful.

A result of pre-test study on cuttings with Melia azedarach, a native tree species of the same genus in Japan
was introduced to CADEP aiming to establish cutting technique of Melia volkensii. C/P went through training
of the method from preparation to execution of cutting so that they can implement the work independently.
However, during COVID-19 outbreak, studies on cuttings and rooting of Melia volkensii was carried out in the
green house in Hitachi, Japan by FTBC staff. There has been not enough result but a few successful cases

which should be reflected to future work in Kenya.
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As clone propagation technique of Acacia has not also been established, development of technique of clone
propagation such as cutting and grafting were conducted taking account of necessity for future establishment

of orchard.

(3) Artificial crossing of Melia
A study on artificial crossing of Melia to produce its second generation was implemented. As this study was
unprecedented examination on artificial crossing of entomophilous Melia flower, research work started with
observation of phenology and characteristic of seed production as basic data collection were conducted as

a first step and study on mating system and artificial crossing followed.

(4) Drought tolerance
Some candidate clones have been selected as drought tolerant through several experiments in the former
project. Taking over these results, selection of the drought tolerant clones with drought tolerance criteria
were challenged by Kyushu University team. Although the team was not dispatched in the 4t and 5t year

under COVID-19, it analyzed the existing data and provided the appropriate result.

1.2 Management Policy

(1) Coordination of C/P and short term experts

For component 4 (Tree Breeding) of the project, the technical guidance to C/P and relevant site investigation
was implemented by dispatching short term experts from Japan. It is, therefore, significant for C/Ps to take
an appropriate coordination with experts before carrying out the activities. Monitoring of the all sites was
implemented by C/Ps who were appointed as a Regional Director of Kitui and an officer in charge of Kibwezi,
to check and investigate the situation of all seed orchards and PTSs. The result of monitoring was informed
to all staff concerned. It was considered that this contributed much to enhance C/P’s ownership for the
project activities.

(2) Coordination with Japanese experts
FTBC coordinated the work with the chief advisor and C/Ps so that all tree breeding activities for component
4 were implemented adequately and efficiently. FTBC explained annual work plan to the JICA chef advisor
and long term experts at the beginning of the year. The time of dispatching were coordinated with time of
flowering of target species so that not to miss the appropriate time for work.

(3) Cooperation between researchers, technical staff and logistic staff
Organization framework of Kenyan and Japanese sides was developed to implement the tree breeding
activities appropriately, as shown in next section. The data collected from the test sites was shared from
KEFRI to FTBC and the Kyushu university team so that selection of excellent clones could be completed. All
academic submissions were coauthored in scientific reports with Kenyan and Japanese researchers.

(4) Maintenance measures of Orchards and PTSs for Melia and Acacia
In this project, appropriate maintenance of the orchards, seed stands and PTSs established by former project
were vital as its activities thoroughly depend on breeding data collected in these sites. C/P paid efforts for
efficient and effective management of these sites under close cooperation of both short and long term

experts.

(5) Activity for forest extension
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Activity of component 4 is related to extension work done by component 2. Discussion and information
sharing were done among experts of both components on the treatment of seedling and strengthening
distribution system of seedling.
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2. Management of operation

(Organization framework of Kenyan and Japanese sides)

(Kenyan side) Component Manager}
Dr. Ndufa ) Site Management
: Manager
- Compo. Assist. Manager Mr. Luvanda
Research activities [ Mr. Kariuki ] e Mo

I &Y
I |

Breeding Artificial Crossing Propagation Drought Mr. Auka

Dr. Omondi Mr. Kariuki Tolerance

Mr. Kariuki
k ..
(Dr. Machua) Mr. Muchiri |

Team Leader

Mr. Kariuki

A

(Japanese side)

Dr. Ubukata
Dr. Yamada Logistics  and
support
v | v |
Breeding Artific.ial Propagation Drought Coordinator
ivashi Crossing . Tolerance ;
Dr. Miyashita ; Mr. Kobayashi Mr. Kawato, Mr.Kawashima,
Dr. Matsushita Dr. Gvokusen
Dr. Fukatsu Dr. Hanaoka Mr. Furumoto 4 Mr.Inamoto, Mr. Kamizore,

\ Mr. Ichikawa, Mr.Takahama
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3. Member of experts

Title

Name

Contents of work

Team Leader

Dr. Masatoshi Ubukata

Dr. Hiroo Yamada

Delegate short term experts for coordination
with long term experts

Manage the progress of research activities
Suggest work plan

Coordinate writing reports

Tree Breeding

Dr. Hisaya Miyashita
Dr. Eitaro Fukatsu

Mr. Ryo Furumoto

Mr. Yoshinori Takakura
Mr. Shoki Sakamoto
Mr. Nobutaka Chiba

Guide suitable management of Melia seed
orchard and PTS, Acacia seed stand and PTS
Analyze data from PTS and guides the
methodology

Select plus trees according to the PTS analysis
Study on cutting of Melia

Study on propagation of Acacia

Guide stem cutting and branch pruning of
Melia on seed orchard

Guide managing technique of Acacia seed
stand

Artificial crossing/
Second generation

Dr. Michinari Matsushita
Dr. So Hanaoka

Study on phenology of Melia flowering
Study on crossing of Melia

Analyze DNA

Study on collection and observation of pollen
of Melia

Study on artificial crossing method

Drought Tolerance

Dr. Koichiro Gyokusen
Dr. Kotaro Sakuta

Dr. Michito Tsuyama
Dr. Eiji Goto

Check evaluation measures of drought
tolerance

Conduct on morphologic and physiologic
survey

Develop index of drought tolerance

Selects drought tolerant individuals

Coordination/
Project
Management

Mr. Hideki Kawato

Mr. Yutaka Kawashima
Mr. Tatsuo Inamoto
Mr. Shizuo Kamizore
Mr. Hidetaka Ichikawa
Mr. Taiki Kobayashi
Mr. Yoshiki Takahama

Make work plan

Coordinate the work with C/P and long term
experts

Manage a budget concerned

Coordinate issues on JCC etc.
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Chapter 4 Achievement of work

Dispatching short term experts to transfer techniques, FTBC maintained close contact with KEFRI,
chief adviser and long term experts of project so that project activities such as research,
development and techniques transfer would be implemented efficiently. Consequently, the
project presented a good result and the capacity of C/P were strengthened. Activities on
component 4 have been implemented smoothly along with the plan from 2017 to 2018. However,
after outbreak of COVID-19 has occurred since Mar. 2020, FTBC did not dispatch experts to project
sites and delivered advices to C/P by online meeting.

1. Achievement status of output

Indicator 4-1 “Plus trees of Melia volkensii and Acacia tortilis are selected in the seed orchards and stands in

Tiva and Kibwezi.”

<Almost Achieved>

FTBC and KEFRI researchers analyzed growth and other traits, and developed a draft of plus tree trait table for
1%t generation plus tree of Melia. Subsequently, FTBC proposed KEFRI improvement of 1%t orchards (1.5
generation) implemented by rogueing inferior Melia trees based on the plus tree trait table. KEFRI decided that
rogueing would be conducted after fruits data on orchards acquired. For Acacia, thinning was implemented for
improvement, while selecting of plus trees by evaluating Acacia trees using growth/flowering data has been
partly implemented as due flowering was not observed. Therefore, indicator 4-1 was almost achieved.

In addition, FTBC and KEFRI researchers took a further step toward future tree breeding cycles in Kenya, and
implemented the on-site selection of 400 individuals of 2" generation Melia in entire Kenia (100 in each region).
As the result of above improvement, it is estimated that 1.5 generation of Melia seed orchards would provide
the 17 % improvement in stem volume and that second generation by selection of plus trees would provide

14 % improvement in stem volume.

Indicator 4-2 “Researchers of KEFRI acquire the skills of artificial crossing technique”

<Achieved>

Through technology transfer by short-term experts, the capacity of pollen collection and artificial crossing
technique have been strengthened to a practical level for the mating experiment. In addition, genetic
experiments such as DNA extraction and SSR genetic analysis were conducted by C/P for a study of mating
system.

Therefore, acquiring the skills of artificial crossing technique for KEFRI researchers, indicator 4-2 was achieved.

2. Situation of activities

a. Improve the quality of clonal seed orchard of Melia volkensii

(4-1-1) Development and application of drought tolerance indices related to the growth of Melia

(Almost achieved)

Characteristics of Melia seedling grown from open seeds of superior clones (fast growth clones) and interior
clones (slow growth clones) were studied and it was clear that the superior clones have characteristics of

drought tolerance. The tree growth and leaf chlorophyll content of grafted seedlings of fast growth clones and
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slow growth clones were measured. However, the photosynthesis of superior clones was not necessarily larger
than that of inferior clones, nor a remarkable difference among leaf chlorophyll contents. Meanwhile, the H/D
ratio of superior clones was smaller than the H/D ratio of interior clones. There was a possibility that H/D ratio
of seedling was an available index for selecting the drought tolerant Melia plus tree. However, it was not
incorporated in ‘Plus tree traits table of Melia’, considering the weak correlation with growth properties of the

progenies. The growth examination of trees selected by criteria of H/D ratio remained a future challenge.

(4-1-2) Evaluation of traits of plus trees

(Achieved)

In 2017-2020, the assessment of PTSs was implemented by KEFRI principally twice a year in Jan-Feb. and Jul-
Aug except Jul.- Aug 2020. It is estimated that the gain of growth improvement is 17% at second year after
planting. In 2019 short term experts delivered lectures for data analysis of breeding to C/P and the evaluation
of plus trees was implemented by C/P. Then C/P capacity for data analysis was strengthened. In 2021, the ‘Plus
tree traits table of Melia’ was created based on the assessment data.

Beyond its original scope of work, superior Melia as 2" generation were selected based on result of analysis
of growth at PTSs and seed production survey of seed orchards. Subsequently the 2" generation trees were

marked by yellow paint in Kitui PTS.

(4-1-3) Improvement of seed orchards through rogueing

(Almost achieved)

In 2019, short term experts of FTBC provided a training program for data assessment method and lectured
several ways of improving the “quality” of seed orchards in terms of tree breeding.

In May 2020, FTBC and KEFRI made a meeting to improve seed orchard quality. However, the implementation
was difficult due to COVID-19.

In 2021, FTBC presented a way of rogueing of interior clones for improving Melia orchards (1.5 generation)
based on the trait table - result of statistical analysis in PTSs. FTBC and KEFRI discussed the future plan of
rogueing and concluded to implement it in the near future after fruits data on orchards acquired. FTBC also

predicted 17% gain assuming 50% rogueing.

(4-1-4) Development of a manual for maintenance of seed orchard

(Achieved)

In 2021, KEFRI and FTBC prepared a maintenance manual of Melia seed orchard, the contents of which were
selection of plus trees, establishment of clonal seed orchards, reducing pests and diseases, weeding and seed

production, etc.

(4-1-5) a. Study on clone propagation technique for Melia

(Achieved)

In 2018, examinations of cutting propagation of Melia were implemented but neither callus formation nor
rooting were confirmed. After that the examinations were implemented with different conditions for cutting
part and medium, and only one rooting was observed. In November 2019, FTBC tried examination of air layering
and failed

Since short term experts were not dispatched under COVID-19 outbreak in the 2020 and 2021, FTBC studied
on cuttings and rooting of Melia in the green house in Hitachi and rooting was conformed in one case. A

“Guidelines for clone propagation of Melia volkensii” was made based on these experiences.
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4-2 Study on mating system and artificial crossing towards second generation of Melia volkensii

4-2-1 Study on mating system

(Achieved)

Regarding the observation of the mating system for identifying crossing variation among clones, observation of
phenology and fruiting was implemented. C/P prepared seeds for seedling sampling for DNA analysis but
germination rate was not sufficient. In 2019 to 2020, DNA extraction from better germinated seedlings was
conducted by C/P. FTBC provided C/P with technical guidance of analysis so that DNA genotyping by using
Simple Sequence Repeat (SSR) marker would be carried out. However, analysis delayed due to inadequate
supply of consumables during COVID-19 pandemic, and finally the planned DNA genotyping by SSR marker was
not accomplished. FTBC provided necessary support so as to KEFRI can resume work once the procurement
fulfilled.

4-2-2 Study for effective methods of artificial crossing

(Achieved)

Studies on effective methods of artificial crossing to produce its next generation were conducted in Tiva orchard.
The capacity of pollen collection and artificial crossing technique have been strengthened to a practical level
for the mating experiment through technology transfer by short-term experts. However, judging from the result
of the field exercise, short term experts of FTBC and C/P of KEFRI discussed that the open pollination system
seemed to be better in terms of the efficiency - cost (labour, budget and time) balance - for producing next

generation Melia.

4-3 Improve the seedling seed stands of Acacia tortilis

4-3-1 Assessment of seedling stands

(Achieved)

The assessments of two seedling stands of Acacia were to be implemented twice a year on Jan-Feb. and Jul.-

Aug. But two assessments out of them were not implemented due to budget shortage and COVID-19 pandemic.

4-3-2 Data analysis and evaluation of plus trees

(Almost achieved)

The stands were thinned for wider spacing in 2020 Nov. and 2021 Mar. systematically along diagonal lines
because the plus trees were not selected with regard to the result of growth assessment that showed generally
good growth among trees. Still, in terms of improvement, thinning was planned so that the volume of the
remaining trees would exceed that of trees removed. The thinning also would provide better flowering which
could lead to the second thinning (selection). Wood density and biomass estimation stems, branches and their

root from thinned was carried out. Energy property was also investigated.

4-3-3 Improvement of seed stands for Acacia

(Achieved)

In 2018 the trees in Acacia seed stand showed very good performance, grew to self-standing stage.

Therefore, KEFRI and short term experts discussed and decided that the stands need to be thinned. Following
the method planned in 4-3-2, thinning was carried out in Nov.2020 for the 2015 stands in Tiva and Kibwezi and
the trees were removed diagonally to half. The thinning of 2016 stands was done in Mar. 2021 at both sites by
the same method.
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4-3-4 Study on clone propagation technique for Acacia

(Achieved)

Development of clonal propagation technique were tested because the clone propagation technique of Acacia
had not been developed. However, several trials on grafting method including ‘Fukurotugi’ (bark grafting) done
in Feb. 2020 were not satisfying. FTBC and KEFRI concluded it is difficult to use clonal propagation technique
for Acacia, which led to adoption of seedling seed stand method for the future (not clonal seed orchard using

grafted scions).
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Chapter 5 Recommendation for future

(1) Establishing local orchards
In order to expand activities of collaboration with the private sector supported in as component 2 of this project,
KEFRI needs to support private company with techniques such as selection of proper clone and appropriate

planning of Melia orchard if the private company prefers establishment of its own orchard.

(2) Selection of Melia plus trees

The Melia plus trees are selected through progeny test assessment in 2021, which was done far earlier than
ideal stage of assessment namely the harvesting years of progeny (12th to 15%). It is desirable that the
assessment should be conducted as young as 10t year to select plus trees with reference to the progeny test

experiences in Japan.

(3) Management of orchards

FTBC and KEFRI have discussed the way of the management of seed orchards including necessary budgeting by
KEFRI since the former project. FTBC provided KEFRI with technical advices on paper in Nov. 2018 for more
financially efficient management of orchards. In 2018, it had been decided that KEFRI would increase its budget
for more than 20% from the previous year, but KEFRI was unable to allocate the necessary budget and the
orchards were maintained only with project budgets. After 2019, KEFRI prioritized expenditure on the
employment of security for orchards, which led orchards and PTSs to be unweeded. It is advised that KEFRI

secure necessary budget to manage the orchards properly.

(4) Continual engagement of relevant C/Ps

There was a risk that C/P or researchers left the project due to job assignments during the project period so
that the transferred techniques would turn to be ineffective for project. Therefore, it is necessary that C/Ps
should be maintained to engage in all the project terms.

(5) Cooperation with relevant authorities

Component 4 (tree breeding) is related to component 2 (extension) in terms of provision of improved seed and
seedling for its plantation sector, and to component 5 (regional cooperation) in terms of transferring the
techniques to neighbor countries. It was important to strengthen the cooperation with those components and
implement activities while considering needs of them. Therefore, activities under component 4 were
conducted having discussions with those relevant components. With the component 2, the expansion of
provision of improved Melia seed/seedling and necessity of prospection of improved Melia seed demand were
discussed. There were requests from private companies for provision of superior seed and sharing the
information on growth trait of improved Melia. In order to realize these issues, the collaboration with KFS and
relevant stakeholders including the private sector should be strengthened. As for regional cooperation, it is
recognized that KEFRI has a leading role in technology transfer, so the project result should be the base for the
technology transfer taking account of the situation of each country with close collaboration among officers
engaging in regional cooperation and tree breeding staff in KEFRI.
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Appendix2 Flowchart of work

| 1747 year J Maintenance of Melia PTSs \
(12 sites in Kitui, Kibwezi and more sites) | 15t.qth I
< ~+year Study and investigation on drought
Assessment of PTSs tolerance (Kyushu univ.)
(12 sites in Kitui, Kibwezi and more sites)}
o g
Data analysis of assessment |1$‘-2nd yearl Development of drought
. (12 sites in Kitui, Kibwezi and more sitesL L tolerant indices

e

drought tolerant indices

Melia plus tree

b <

—
\
| 4th yearﬂ Improvement of Melia seed orchards \ pn : :
through stem cutting, branch pruning [ Study on Melia cutting ]
i ropagation
and rogueing ) _ propag
[Manual for maintenance of Melia] [ Study on efficient removal of ]

J

Y

seed orchard seeds from Melia nuts

! 1
! 1
! i
! i
! i
! 1
! 1
! 1
! i
! i
! i
! 1
! 1
! 1
! i
! i
! i
! 1
! 1
! 1
! i
! i
! i
! 1
! 1
! !
1 ‘ H
i < 3rd-4 year |~ — N\ !
! 4t year [Development of a traits table on Classification of plus trees by the i
! _ i
! i
i \ J !
! 1
! 1
! 1
! i
! i
! i
! 1
! 1
! 1
! i
! i
! i
! 1
! 1
! 1
! i
! i
! i
! 1
! 1
! 1
! [

\[ Guidance of cutting propagation ]/

(Study of artificial crossing towards second generation of Melia volkensii)

1st-gth
[ﬂj‘ [ Study on phenology of Melia ] :

(Kitui, Kibwezi)

method(Kitui, Kibwezi)

[Study on collection reservatlon] | 4t year I [ Guidance of artificial crossing ]

[ Study on artificial crossing ]

analysis), (Kitui, Kibwezi)

method of pollen(Kitui, Kibwezi) technique on Melia

1
1
1
1
1
1
1
1
1
1
1
i
! Study on mating system (DNA
1
1
1
1
1
1
1
1
1
1
1
1
1

(Improve the seedling seed stands of Acacia tortilis)

[Maintenance of Acacia seed stands]

(Kitui, Kibwezi)

Assessment of seed stands
(Kitui, Kibwezi)

| 1st-4th yearl

i i
] i
i i
i i
i i
1 1
] i
] i
i i
i i
i i
1 1
] i
] i
i i
! i
4 1

i g Study on clone ] !
] i
i i
i i
i i
1 1
] i
] i
i i
i i
i i
1 1
] i
] i
i i
i i
i i
]

Data analysis of assessment
(Kitui, Kibwezi)

] L propagation of Acacia

. 2 | 4th year
[ Improvement of Acacia seed stands ] - Guidance of ]

(Kitui, Kibwezi) management on Acacia
.




ueder ur Apnys pue sishjeuy: [0
/2 4q uoneuswaidu Buipniaur S3Ys 3y} 1 uoReBRSaAL 10 APMS : (D)

. Suuopuow

D Hodaa uonejuawjdwg

[ ] PaLI0U0D STUIIAW O} BVUBPUI]Y

}4om |eiauag

I I "I I 21383% U0 S2nbiuyd3} Suiyels Jo Fumna jo Juawdojansg

epEY 104 3nbiuysa uoneledold 2uop uo Apnis

spue)s paas jo Jawanoduy

nU nu nU nu nu nu nU uoien|ess pue sishjeue elag

53313 sn|d JO 5}JEJ} JO UOIEN|EAS pUE SisAjeuE B1EQ

- - - - - - - “5la o sz

SS1d JO JUBWSSISSY|

syj13403
Dj2DIY JO SPUB3S Paas Sulpaas ayy aacadw (et Auaiay)

FUIS5042 [2121J11E JO SPOYIAW 3AI3I3YR Uo Apms

u3]jod B1j3} JO POYIAW UOIJEAISS3S PUE UDI}ID||0I UD APNIS

Buisson e JO Spoylaw A2 Sulyoieas Joj Apnis

I (s1sAjeue yN@) wayshs Sunew uo Apmg

[ ] Afojouayd uo Apmis

wayshs Sunew ua Apnys

1ISuU)joA DIS] §© UOCIEIAUT|
puoaas spiemo} Suissouis [eiue jo Apmas (- Aunay)

—— —— — — vt w0 oo B> 1o w00

! : : =l[21A 104 2nbiuyaa] uojededoud 2uop uo Apnis

l. l Hoddns jeaiuydaL

|enuew jo Juawdo|anag

pieyoia paas Jo 3oueUAIURW 10} [enuew e Jo JuawdoEASQ

53343 Jo143u1 Jo uisnioy

Buiunid youeaq pue Fuipnd wais

spaeyI0 paas Bunsiea 3yl Jo Juawanoiduw)

S51d JO S2UNSEIW 3IULUIJUIBW UD DUBPIND

2[qE3 51143 5333 SN d 30 JawdojaA3q

— -— —-— -— -— -— -— Ssh{aus 12 pue 5l o umusseesy

53213 sn|d Jo syeI} Jo uonen|eny

sjana|
(] [ 35UB13]03 1UBNG1P JUBI3IP OJul 3313 SNId FEPIPUED JO LOREIISSEID
n _ S2J1pUI 33URII|03 JYSnoJp Jo Juwdo|aAg

S3u0|3 10113jul pue J0113dns 4o s31Mje3y jeaiSojolsAyd Jo uosLEdWO]

S3U0|2 JOWI2Ul pUB Jo1IRdNS JO YIMoIE 3y) J0 uosedwod

Ell2IN 0 yimoid
de pue JuzwdoAaq

3Y3 01 PA1EJJ SIUPUI F0URIS|0} YSNOIP JO UL

H1suadjjon pifaN
30 paeyoJo paas euo|o jo Ayjenb ays ancidw (1-¢ Ananoy)

9 Siv|E{Z T ZTTTiOT|6:8:L:9 6 P|€E{Z T ZTTTIOTi6:8B:L:i9 6 P |E{ZT T ZEITTOT!6:8B L 9iS ¥ |€E TiTITZ{TTOT|6
| xdera 0ot 610¢ 810¢ £L10¢ SalAIRY
IEEI LT 1eah pag 1eaf pug 1e9A1ST

9°'1203-6'L103)0d T-sxtpueddy
uoinlesado yiom jo ueld gxipuaddy

31



Appendix3 Plan of work operation
Appendix3-2 PO(2018.7—2019.6)

Activities 2018 2019

(Activity 4-1) Improve the quality of clonal seed orchard of
Melia volkensii

Development and application of drought tolerance indices related to the
growth of Melia

Comparison of the growth of superior and inferior clones

Comparison of physiological features of superior and inferior clones

Development of drought tolerance indices [ I

Evaluation of traits of plus trees

Assessment of PTSs and data analysis [ [ ] |

Study on clone propagation technigue for Melia

Development of cutting technigue on Melia i— :—

(Actiity 4-2) Study of artificial crossing towards second

generation of Melia volkensii

Study on mating system

Study on phenology -
Study on mating system (DNA analysis) _

Study for searching effective methods of artificial crossing

Study on collection and reservation method of Melia pollen -
Study on effective methods of artificial crossing - -

(Activity 4-3) Improve the seedling seed stands of Acacia

tortilis

Assessment of PTSs

Assessment of PTSs [ ] -

Data analysis and evaluation of traits of plus trees

Data analysis and evaluation [ 1 [

Improvement of seed stands

Thinning of trees in seed stands - Cj

Study on clone propagation technique for Acacia

Development of cutting or grafting techniques on Acacia :_ -

General work

Attendance to meetings concerned -

Implementation report D D
Monitoring [ ] .

Publicity works -

_ : Study or investigation in the sites

including implementation by C/P

[ :Analysis and study in Japan
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Appendix3 Plan of work operation
Appendix3-3 PO(2019.4—2020.3)

Activities

2019

2020

10 11 12

(Activity 4-1) Improve the quality of clonal seed
orchard of Melia volkensii

to the growth of Melia

Development and application of drought tolerance indices related

Comparison of the growth of superior and inferior clones

Comparison of physiological features of superior and inferior
clones

Development of drought tolerance indices

Evaluation of traits of plus trees

Assessment of PTSs and data analysis

Study on clone propagation technique for Melia

Development of cutting technique on Melia

il

(Actiity 4-2) Study of artificial crossing towards
second generation of Melia volkensii

Study on mating system

Study on phenology

Study on mating system (DNA analysis)

Study for searching effective methods of artificial crossing

Study on collection and reservation method of Melia pollen

Study on effective methods of artificial crossing

(Activity 4-3) Improve the seedling seed stands of
Acacia tortilis

Assessment of PTSs

Assessment of PTSs

Data analysis and evaluation of traits of plus trees

Data analysis and evaluation

Improvement of seed stands

Thinning of trees in seed stands

Study on clone propagation technique for Acacia

Development of cutting or grafting techniques on Acacia

General work

Attendance to meetings concerned

Implementation report

Monitoring

Publicity works

al

—

33

:Analysis and study in Japan

:Study or investigation in the sites including
implementation by C/P



Appendix3 Plan of work operation

Appendix3-4 PO(2020.4—2021.10)

Activities

2020

(Activity 4-1) Improve the quality of clonal seed orchard of

Melia volkensii
Development and application of drought tolerance indices related to the
orowth of Malia

Comparison of the growth of superior and inferior clones

Comparison of physiological features of superior and inferior clones

Development of drought tolerance indices

Classification of Candidate Plus tree into different drought tolerance

level

Evaluation of traits of plus trees

Assessment of PTSs and data analysis

l UHII

Development of Plus trees traits table

Guidance on maintenance measures of PTSs

Improvement of the existing seed orchards

Stem cutting and branch pruning

Rogueing of inferior trees

Development of a manual for maintenance of seed orchard

Development of cutting technique on Melia

Development of manual | |
Technical support
Study on clone propagation technique for Melia
)

(Actiity 4-2) Study of artificial crossing towards second
generation of Melia volkensii

Study on mating system

Study on phenology

Study on mating system (DNA analysis)

Study for searching effective methods of artificial crossing

Study on collection and reservation method of Melia pollen

Study on effective methods of artificial crossing

(Activity 4-3) Improve the seedling seed stands of Acacia
tortilis

Assessment of PTSs

Assessment of PTSs

Data analysis and evaluation of traits of plus trees

Data analysis and evaluation

Improvement of seed stands

Study on clone propagation technique for Acacia

Development of cutting or grafting techniques on Acacia

General work

Attendance to meetings concerned

Implementation report, Completion report

Monitoring

Publicity works

-

—
-
-

-
 —

:Study or investigation in the sites including implementation by
c/p

:Analysis and study in Japan
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Appendix 4: Location of the Orchards/Stands and PTS

Melia Orchards/Progeny Test Sites & Acacia Seed Stands Location Map

Makima Sub-PTS

Marimanti PTS

Gaciongo Sub-PTS

Nairobi

Yikithuki Sub-PTS

Tiva Orchard/PTS/ASS

Voi Sub-PTS

® Melia Orchard/PTS/Acacia Seed Stand PTS

35

Kibwezi Orchard/PTS/ASS

Kasigau PTS

Sub-PTS
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Appendix 4 - Melia volkensii CPT Transects(selection areas)

Region S/No. | Transect Name No. of CPTs Code

1 Voi - Mwatate 10 VM
Coastal -

2 Voi-Galana 10 VG
South Eastern 3 | Mutha - Inyali 12 MTA
Central Eastern 4 Katulan - Kavisuni 10 KT
Central 5 | Mwea Special MWA

6 Mwingi - Tseikuru 8 TSK

7 Mwingi - Nuu NUU
Eastern

8 Embu - Dams 7 EmbD

9 Embu-Ishiara-Gatunga 13 EmbIG

10 | Meru - Isiolo 4 MI

11 | Garissa-Bangale GB
Northern

12 | Garba-Wamba 6 GW

13 | Wamba-Marsabit 10 WM

TOTAL 100

Table 1: Transects across Melia areas of occurrence and number of CPTs selected

Figure 2: Melia Candidate plus Trees location sites in relation to Agro-climatic zones
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Appendix 4- Acacia tortilis CPT Transects (selection areas)

Block T/No. Transect Name No of CPTs
A 1&2 Tana-Lamu 11
3 Voi-Mwatate 6

B 4&5 Machakos-Mwingi 11
6 Isiolo-Garba 4

¢ 7 Archers-Isiolo 4
8 Maralal-Wamba 8

b 9& 10 Wamba-Marsabit 8
H/A 11&12 Garissa 6
13 Loitokitok-Namanga 9

E 14 Kajiado-Magadi 4
15 Namanga-Kajiado 8

C Added Tharaka 4
F 16 Baringo 6
G 17,18 &19 | Turkana 7
B 20 Kibwezi 4
TOTAL 100

Table: Transects from which Acacia tortilis CPTs were selected

Figure: Distribution of Acacia tortilis blocks and populations for selection of CPTs (Table)

Page

38



(mgxwg Suroedg * $0013 00C = SP9I3 0F X SPIIIGE Y20[q T) SY20[q 9+
§9913 000‘€ = S99} (€ x SAI[IWE] Q0T -

(89913009 = S991) O x SOI[IWEJ 0F I8IA FT(F ‘S80I 009 = S008I} OF x SPI[IWR] O IB2AET(F *$99I) 08T = S99I} OF x SOITWE] 09 IBIAZTOZ )

Sunyuerd pue noke| 9318

09 |6 |89 | L8 |99 |ge [vg | €9 |ag |19 |0s (67 |8F | Ly (9% | o¥ |7 |€v |av [ 1w | ov |6 |8e |Le (98 |qe |ve [ee |se | 1€ | 0g |66 |8c | L5 (92 | |ve |ec |%a |12 |0z |61 [T |LT oL gt |pLjerjarjinjorje |8 jL|ojejv|e|a|rt
2z ez |61 [oc|o6 |12 |ce et [#. |21 |6 [eL |88 |¥#e [o0e €0 oL v [ve ]9t |09 (o6 |ve |#w | |Lo]ec|1r|es| 1 [er|te|oL|rofez|os|cL|[vofoe]v |9 |19 6 [00]se|cL|s6|we |vc|ee|pL|Lr|2re|mo]6L | |e8fco|Lr]T
¥y |91 |62 | OL | €6 |69 | E€F | ¥8 |6 |C9 |88 |68 |8C | LV | T |82 |06 (99 |¥C |89 | €V |06 | LT |1 | 8 19| L |8 |9 |LL|OL|8 |9F| 6 |69 |€E6|CSC |68 |6V [CL 96 |€ (& |9L 8L |91 L6 (06|89 |11 |18 |L9|61 |GE |€1 |E6 |€9 |9L [09 | C 4
G |LE|T9 | I8 | GE |GG |99 |8C | L9 |0 |36 |96 | LS |98 |96 |16 | V€ | T¥ | @9 | €S | €6 |0OT| 6 |1 | 98 | GG |OT |16 | #6 | SF | 9¢ |86 | 9C |86 | &I [ 16 | €8 |89 |96 | 66 | 8¢ | 3¢ |0 | 16 |79 | LS | L& |61 | 66 | S8 |99 |09 |65 |88 |CE (96 | 19|06 |€C |92 | €
L9 (@8 (<L |8L| € |65 |¥6 |98 | S | 8T |06 |OT | T8 |LL |69 |9L | V9 |GL |69 |8 |6V [€C (86 [0S |28 (CG8 |08 | 9 (L |0Z (89 (B¢ | & |TF |6C |LF | S8 (L6 |LT |PL | S [8V (@9 [0 |2C¢ |6C |OT |GG |99 |CSF [6S |SF| ¥ [C8 |88 |8C | & [LV (@8 (€9 ] ¥
GL |96 [G1 | 0G |09 (GG |LT| T |OL |8F |CO|C6F |6F | C |G |G6| € [16 (08 [G8 | ¥6 (€€ [61 (0 (L& | IL [6L | & C | LT |86 | 8L | %G | GO [6G | LG | GO (9% |CL |TL |LT |76 |9C | IF |GL | € |OF |¥8 |LL |66 |9C |19 | 8F [TL | 9F | 0% [ ¥ (ST |GL |LL | ¢
9y |v9 | L% |0g | e | 6L | L6 | €2 |86 |12 |0g |76 |1 | @6 |9c | v |€e |88 |a¢ |[Le|6c |96 | v |62 |0z |ee|se| ¢ |1 |6 ¥ |18 |90 |EF |1¢ |0z |6L |88 |vs oL |1 |ve|L |or|s_ |28 | 1 |2e|or |ooT| 8 [BO|OF [cr|Le|F¥E |8 |6 |ce|16] 9
¢r (82 | 1T 9 |86 |6 |FPF|TE [TL | TT |FT (66 |GL LT (L9 |SF | €8 | PG | VI | 8 4 L |y |¥9 |68 | FF |CS|CGL | L& | PG| P [TT | L |EGF (LG |LL| 6 [9 |08 | LS |86 |99 |GV | L8 |TL |86 |8C |6S |6L |98 (8L |e8|9c |cc | T |99 |79 |66 |39 [cs]| L
T2 |89 | ¥ |66 | <0 |&F | 7€ |97 |GL | 6 |68 |99 |CC |98 |G |8 (VL | €L |Le [T€ |65 |OF [O€ | PT | E1 [OOT|CE |LO| T |FL|0E (19 |09 | €9 (L8| CT | & (L |Oc [LE JOT (66 |69 | 8 |67 |96 |88 |08 (€9 |CC |80 |96 | L& (€6 | L6 |96 [€L [PT | ¥ | VPP | 8
oy [ €1 [ V1 | OF | €9 [ TS | GF | PG | LF | LL | 9L |19 |GF | QS |79 |OT |09 |29 |63 [SL |82 (99 [8G (L8 (96 | FE (8% | 8 |99 [ST |GL |OL [T6 | €9 | ¢ | @6 | L9 |SL [0S |06 |6 (82 (96 (06 | SF | FL | G9 |66 | L6 | IE [ EF ICF |16 | € 9 |EL €T |2e (BT |1¢] 6
€6 [ €9 | TL | LF | T1 | IF | 96 9 |88 | € |E8 |9T (T¢| 6 | L |8L|99 (69 |LE )TV 6T |¥S |16 (9L |68 |OT | L6 |OT | @ | &6 | 6L |89 |CO |CZ (28 |OT |SV | ¥ |PL ] 6 |16 | %S (98 | & | G6 | I8 (99 [FOL"| €€ | #% [9S (8¢ | 98 | F€ [ 98 | 19 | ¥8 | 69 | 0T | OT
9T |00T | 02 | 92 | %6 | 98 | 6L 0& |92 |86 |¥¢ | # |0C | L6 |16 |6 (L8 |€C [0S | S8 | ¥ [€T |99 |LF |66 | 8L |8S |LL |06 oL | L6 |cc 66|96 | TG (001 |€8 |#P9 S |88 |98 [#6 | TL |16 |19 |¥PS | SF |66 (¥G | L | |8 G |68 |% |€2 g6 | g€ |
v9 [ 69 | 8% |09 | € | 67 | 9€ | 69| € | IT | #L | L& | €9 | CE | €6 |08 |9V [ 2V |86 | IL | €% |9G | CL [ LS (98 | C9 | 9C |69 |96 | SF 8E | T8 |&F |OL |99 | € | €L |T€ |OL |09 QLV | TC (99 | 1€ (86 | L8 | OT (88 | LL | &F | 8 |TL| 08 | €F |98 | OL | ¢F | IT [ 6€ | ST | G
¥8 | 96 |61 |CT |06 | & |65 |98 | & [BE |01 |9F (69| € |8C | 9L |99 |9€ |66 V8 |18 | #T [ST |68 | OF | L9 0S| Q@ |08 |98 |67 |68 | L6 | LF 8| P | GS (ST [TL |66 Ve [ T |68 |09 | TP | 6L | 8L | GO |68 | LS [€E [00T| €9 [0 | 0S| 7 (96 [TV |09 | L J€T
¥6 |16 | L9 |cc |99 | 8 | €9 |83 | L8 (6 |0c |0e |OF |6L |6F [cL |96 |0t (oot |8y | T |12 |¥6 |96 |ec|ve| O [eF |e6 |1 |1c |@L |ec|LL |cc|e6 |88 |6V |29 |98 |68 |99 |89 |ac |z |6L|6c|08|1c |LE|68nc |78 |06 |76 |02 |29 |91 |6V |¥6 |V
€L [ [SL |66 | F 6 |08 |81 | I€ [68.(99 |26 |GG [€E | G2 |LL TS| 9 | SV |08 )09 | ¢ |66 |8T |16 | L6 |F1 |01 |9¢ | €8 |GG | FE | FL | 6E |76 | 8C | €T |OV |VE | €T JGL | L9 |S¢ | FT [ G | 6 |€S | ¥ |OF | FL | 96 |FF | 6C | 6 | €G [ 6L | ¢ | 8% | 6¢ |0OOT | ST
6L | ¥z |88 | L |96 |ee|6L |28 |GefTFfooT|80 |8 | L |co|oz|8L| & |82 |Ly|€9 |¥e |Ll |88 |9z |cL|#F|co |G |TT| 8 |82 |9c|8L |60 |es|oL|ee |86 |6 )L |18 6% |20 |er |cr |oL | ¢ |0 |68 (L9|0c|ge8 |0e|LF |28 |28 VL |aL o1
9C |98 [ V€ | BT | SF [9S | LO|FC | ST | 9 |GE |SC | G | @1 |GG | L8| 16|98 |98 [€C |89 (96 [GT (¥6 | g5 |IL | 8 [8G (69 |8F [GS (91 | L8 |69 (09 |G8 |06 (92 |9V | €9 | 6G (€ [OL [FL | FE | TL | LE | OF |96 | 9L [ 99 |79 |86 [ 6% | €S | <6 | €T [ 99 [ L€ [ 9€ | LT
29 | LL |18 |8g |88 | &L |OF 1€ |es|gc |08 |L6|#6[c8 |eF |19 |8 [L 86 | v [69 |66 |0z |08 |or [er |61 |#6 [cs|sr [or |01 |er|ra|ca|6L |99 |8y |av |12 |8 | |%c|re |0z |oot|er |8p | 2L [ev|cc |e6|ae]| s |18 |11 [1F|8s ]8T
LG [0OT [6€ | BT [ €9 | T | S8 |09 |¥L |68 |¥€ [ CF |&F | 9L | ST |LL | 6€ [9S (LG [S6 J TG (19 [€V (OV (PL |OS (G8 | TS | & (8% |16 | FF (6% |GG | €9 | GF | 9S |6V |GG | 6 |81 (3G (08 | € |09 |9C | 8L |€8 [GE |6F |06 (18| FL |GL | 0S| &9 |26 | 9 |OT [1¢ ] 6T
16| V8 | v | ¥ | g |11 |ce |18 1L |T9|8F |10 |c8 |01 [#c |6F |16 | ¥ [V |L6 |28 |89 |98 [€1 |00 |8e €0 |cE| ¥ |¥e|FC| € |62 |0F | TP |GL |LL |96 |69 |09 )29 €8 |8s |10 |6C |61 |86 |1 |¥6 |0 |8c|66|6c |ar |9 et |ov |9 |ve |82 |03
09 |86 |OL | 8T |19 |G6 |6F |9L |95 |8 |ST |06 | T |L9|S6 |GG |8V |PF | OV [92 | TT | 06 [ €S | L8 | TF | €G | F1 |¥CG |96 |98 | LE [ S8 | 9 ¥ [S6 |08 | <SS |PT | €C (89 €L (LG | SS | OF | SF |91 |68 | S8 |69 | 1S | LG |16 |68 [EF | 8T | L8 [TV | €2 | 6€ | 66 | 1G
98 | ¢ (02 |gg |89 | L |cc|®T |1C | LT |68 |9F |9¢ |92 |18 |96 |OL v6 [6L |26 |19 | €L |61 | Lo | o1 6L |96 |LF | 6 |82 |8 |19 ¢ 96 |0z |26 |96 [ct |9 |16 |12 |0L)s0|wo|¥8 L1 |oe)cr|ce|ve) o0 | w6 | ¥F |ee |eL Ly |9 |6L |38
28 [ov | a1 |LL (68 | €6 [€ev [as | 8 [66 |¥9 |16 |26 |89 [81 | 6 |8L 2e [Le |ee | Ly |¥a | ¥9 [ v | ee | ¥8 00T | ¢ [TL |21 | L9 |1¢ | LS ey [¥8 | 8L |ov | T far |21 |oor| gz [€1 | L6 1€ |08 |€L €6 | 9L [6c |19 |¥1 (08 |¢e6 |GL |6V | 6 |61 ]¢€a
18 | €9 | 8L |91 | 9e [ 89 |29 | 6¢ | L6 |88 |¥¥ | €T |€e [¥L | 0e |68 |61 |GG |16 |GL | ¥8 |9¢ |18 [8F |Le [ 1€ (89 |9e [¥#9 | Lz |06 | <6 |@e [ 16 |29 |8F |88 |18 ¢ |Tr | L | € |@6 |[GL|L9|06 |¥T |Gl |8 |28 |91 [Le|as |1e| ¢ |99 |aL |98 |88 |wah]| Ve
ST [ L8 [0S [ LC [ €8 | 6 |©L | © |8 | €3 [8G | 4P | 17 | 71 | €2 |001|8€ [ €€ [ LT |08 |68 | 8 |8L | 9 |19 | V% |OL €9 |90 | 6€ | TL | <1 (001|007 | 1% | %6 | P¢ (68 |98 |€T | S8 |1V |8 [LP | 9L | €S | €T | 6F |OT | 0G | €9 [TE[96 | IT | 6T |26 | 1L |9T | I€ |06 | 92
19 |vL |8t |18 |8 |1 |1e|eF| & |#e|65|oe |ve |69 |09 |21 |¥E |G¥ |8C | ¥V |29 |V | €1 |OL (96 |¥6 | L6 |0c [sc |c6 | 9 (18 |86 (%2 |60 (98 |06 | P [¥9 | 8 Q09 (LS |18 | %6 |ac |9 |#L |18 |62 [Lo |Gl |oc| & |18 |#8|2Lc| T |L5 |25 |89 |9
T€ | 9¢ | VW | TT | L9 |67 |86 |98 |0 | LT | 6 |96 | FC |6C | 6L |6S |19 (96 |8V | SC | PT | Le | 8T |SL (i6F| L | €8 |86 |98 | LB | €6 |68 |66 |9C |6F | 9 T |L6 |98 (V6 )98 | G | 8T | 6L |8F |96 (9% |F€ |OT |LL | 8% |G | L1 |GS|C6 | <6 |9¢ | VS |iLS| Ta | LE
Le |16 |12 | g8 | L1 | L¥ |69 |16 | |ce|ov |12 |16 | 8 [oc | Tr 9L |26 |9y |6v | 1¥ [001|6S [T |or |#g |69 | € | 2o |21 |12 |86 |ap oL |09 ]|go o6 |1 |2 |16 1c|1e|aL |9 [6|9c|co|er |+ |0e| % |#6| ¢ | %0 |se |2 |50 |86 |¥9 |o01 |82
66 |69 (<9 | 9T [ 96 [6G | 0E | 8¢ | 06 | 8 | 6C [ 6T |89 | &1 [ €8 | FO | L€ | LS (16 (99 | <9 (L8 | (89 | 6 (08 |€F (99 | G |88 |CC (L2 |16 |GC |F& | € | €8 |LE |GT | €C JLL [0S [OT (@8 | €1 [ L6 | SF |EL [ 16 | OF [ 19 [6E | LG |16 | LB | 6F |65 |98 [ 9L [0S | 62
¥8 | LL|Le (8L |ez |se gL |og|er | 18|28 | o [oor|e6|co |oz|oL|eo @t [1L)ec |9t |19 |¢ee |18 |or |2e|ce|1c|oo| 1 |#8 oF |ep |ze g0 |1 [9e|2a|vL|co |86 |89 |Lo]|6o|o0z|ea|#s |2r|2e]|60|cc|ce|ve|cr |6 |#6| ¢ |62 |17 )08
€€ | LC |18 | <6 (<6 [LE |TE| L 9 | 0% |66 G6 (06 |2 | € [PV | ST [SL | LT | @9 (CL |8€ |0€ | L& |61 |CE |IF |FC |LE [LF |06 | L6 | 8T | TG | GF | LT | 6L [GL | L8 |36 |OL |66 [ ¥6 | GS | €S |8C |¥9 |98 | €9 |0C |L&|F1 | 8 |6S | T |99 |8C |89 [¥8 | 1€
G |08 |8 |9 | |Lo| ¥ |co|s8 |ce| ¢ 0g (o1 |99 |9 |og |98 |6z 86 |1 [¥9 |¥s |ag |FL |cL |8F 67 |OT |¥9 [8s | or 00T |58 |95 |98 |68 [19 [€6 | TT |€L |8V | T |ee|cL| g |g9 |00 oL |0s o |26 |66 | 2L |86 |98 |LT [9L |19 |ae
0S¢ | ¥L (89 | 6E | TF | #8 | L& | #C ¥e (e |62 |TT | 6 |17 |9 | 1S |GV [0V | €3 |8S | S€ | €L [88 | TL | 8L | L CF | ¥ |8 | L8 |99 | FC | 6C [EC |96 |9V | TIL |08 | L 8 |9z (19| 6 |71 %6 | G1 |00T| 66 |E€T |01 | €6 |FC | L0 |OF | L | €6 | 12 | €€
ve |16 | L1 |29 |09 [0c | 6 |¢&F gl e [sr|re|os]|os|sc|6L|96|9 |26for|1a|6L|9¢|0z|og|ae]| s [ao| e [geler |sv|oz|or|oc| o |8|er| v |se|er|6v|ae] s [s1 ¥¢ | ev |[TG | 67 |G8| 0L | 1L |8€ 16 | €1 |95 | 63 | OF | ¥E
19 |8 6L | 9€ | ¢ |6F | | L8 |@&8 | €S| QL | OF |ET (T8 | €L | SL |8E |99 (67 | L8 |99 [CC | €V |06 | OF | 8T | €6 | % | 86 |OL | ET |'IL | 98 | 6T | 65 | 0L | S6 | 9L | I¥ [GL |88 | OF [&V | IV | 0% | €T SE | 9| GE |p6En|pF)y S8 | 6T | 6L | €9 | 8BS | GV | 1€ | LS | <€
GL | VT | 9L | 68 |0OT (8% |0G | 6L |16 | T |GL | 6L |GT |LF |69 |CF | VG |8V | IL [GE |18 | €6 (9L | 6 |cc €9 | LS |91 (€8 | €S |SF |9L |16 | 6 |26 |GE | LT [LS ST [@9 | SC | €8 (L8 |0OT|oc | ¥ |08 (68 |9F | LF [FF [E€ |88 |96 | TP | I8 | 9F | 6€ | LV | ¥E | 9€
v |ev | 8¢ |26 | | 9% | TT | L6 | 88 [0OL|®6 |22 |0L | T |68 |or |¥vI |V6 |96 |¥e |Lh | ¢ |62 |¥8 |22 |8p |66 |08 | OF | 88 |\E8.|.c6 | LL | L¥ |60 | 98 | oL ki Le | L1 | ¥6 | 2¢ | ez |ee |18 |#0 |Le |L&| ¢ Jo@|0s [ce |cL|ec | |6e| 8 |22 ]|Le
Cv | VL | L |08 | TL |GG |88 | L& | LL°|'6& |06 | 9 | TS | F9 | FF |65 |88 |61 |OF (68 | G2 | LS | € |96 [TI (89 | LT |6 |9¢ |FTJOE|FL |OF |PC | 9 | L |FF (1€ |8 [69 | ¥G |SS |6V |S6i| 6 [FE€ | T [8G | 6 |98 &R |19 L1 [09 |06 |99 [9L | € G | 6L |8€
1¢ | LT | ¢ |co |6l |eF |C1 |86 |20 |9c |81 |6 |8c |8z |0 |€z |98 |28 [¥8 |98 |89 |98 |69 |0V |or |oot |89 |2e |61 |8L |18 [ L9 |92 |2c |8c|1a |¥#8 (86 | & |8L |86 | LV |¥8 [OL |eL |eF | @ |9OL |8 | L |FL |26 |e3 |60 | L0916 |68 |92 |C1 |66

9¢ | T 8¢ |95 |69 |08 |09 | L |@E [F6 | G9 |OT | L6 |SL |18 | F |1€ |€V | V9 (PG |GG |8E [GV [88 [GL (CT |CL |86 | G |F6| F [06 <9 | 8 (€6 |96 | 1F | 7 [€2 |08 | €6 | 8L [ €C | 9% | Lz [ 6C | ¥G (@9 | 19 €066 |08 | @& | ST | 89 &r |98 | L8 |00T ] OF
OV [8L|L9 | gL |op |€L| 6 |8F |€0 |12 |26 | T |69 |¥c|aL o0T| ¢ |oe |<se [cc]o6 |66 |19 |€L |o0g|cz|6e|6c|8e |88 |cc|oo |6 |6 |k |ce|%e (68| 8 [06])aL|vp |L8]|68 |1 |08 |60 |06 |00 |18 |1L |28|9F |eo|.Le 0G |FL |69 8L T¥
€¢ | LL | 6E |98 [OT | L6 | LG (68 |95 |9F |GG | & | TP [96 |85 |€8 [ & [OL | PI |OT |86 |€9 |OL [ ¥ | @& 69 |66 |08 | 19 |LL [BT |SF |TL |SE | TT | @1 | LE |09 |96 | L9 J 29 |99 | L 9 |9T (L6169 66| L |IT [OL|€EL | 9 |T9 8F |c8 | 1¢ | S8 | &V
¥9 | ¥6 | 9L | #6 [e6 | € |00T|06 |OL |62 | F |66 |2 |ee | et |61 |09 |99 |88 [1¢ |16 |96 |GL L2 | 8 |eo|oF |co| L |6 |60 |62 |eL|or |os |68 |9 |19 |Le VL |€a |VvS [¥E |OF |ge | ¢ | o |61 g9 |cL|ce |se|eF |81 |79 oF | LL | 99 | 61 | €F
98 | €V |GV |89 [ €6 [ 6T | S | TT | 06 | SL | G6 [ €S |68 | ¥€ [LL | LF |08 |89 [69 |9V JGa | T [TT (99 (0¢ |86 |FS |LF [1€ |F& |LE |6F |FL | O |76 | 9T | 6 |6 |OL | €L QTL [ €8 (VL [GE | oF cL|e8 | 6 |T¢| € (86| ¢CI |69 |6L 96 |96 | 6 | <L | VP
€2 | L6 |O1 |86 |OL | ¥ |FL |88 |00 |62 |L0|e6 |62 |62 0T |gr (09 |SL |26 9 JooT|€v |¥8 |66 |e3|Lc |1 |16 |F%e |02 |28 |92 | ¢ |18 | |cr|1g |0V |18 |¥2 JOE |GV |69 | VG €6 |8 |9e (96 | &g | LL |98 |€6 |82 | 06 | LF o1 (18 |89 | OL | &
Ge |02 [LV |66 | 6 [G6 |TL |GG |S6 |L8|9C L6 |06 |9G |#C | € |66 |G9 (9GS | L JL9 [PL [V (@9 | €O |OF |OL (8T |96 | TG [8E (86 |GL | €T |66 | @8 | T VW | €V |9V JOG [ @S (LS (9L | OF [ TG | ST | L8 [ @& |09 [6F (F8 | TF [ LT |G8 |09 | G |8C [99 [GL |9V
9 | 8 |18 |As |cc |aL|ze |ar | AT | ¥R | T | =T | e |eT | [Re [958 (9 | & [IL |09 | €6 | LV | 66 | FG oL |oo s |voes | ez calos|os|rr]ag|sL|o9fec)e [€ee|s8|9z|ce6| 1 |2 [66]a8[¢cz|ae|s |[vL|68]|cz|se |86 |8c ¥l |Le]|Ly
2¢ |91 | L6 |eg | ¥T | @ |oe |6€ |Le |8% |92 |9e |96 |16 |GG |82 |¥G |98 [ v |6 | o1 |28 |98 [99 | 1L L9 [¥T | LL | ¥ |88 |€6 |81 | &g |61 [001]| 9z [62 | 6 |Te J¥6 | TT [99 | ¥F | 1€ |G |¥6 |61 | ¥1 | 16 | 8 |88 | 8L [001| 0z 8% |95 |88 |98 | 1L | 8F
98 | €8 [ ¢ |81 |29 [2¢ |aL [16 |19 | |88 |¥p [ ¥ |18 |¥L [6F |89 [ L8 |6¢ |81 |68 |66 |22 |09 | T c6 (<8 |86 |19 |18 | L9 [ @2 | L1 |99 [0¢ | g¢ [66 |6L |99 Jee |Le [€c |98 |9 [8e |06 |8 | ¥2 |08 |Sa |ov |12 [€e | g9 [€L | €9 | o1 8L |06 | 6F
L% |¥6 |99 |@8 |08 | L |e1 | 8 |17 |09 |L¥ [T |6 |GL |99 |01 [z |av |9 [¥8 |11 |16 |02 |¥9 |z |1 |89 |9 | L [L6| ¢ |69 |¥F |6¥ |av |¥e |19 ez |€8 [eL fL6 | @ 8L |01 [69 |cT |09 |TF |0OL |99 |L6 9|16 |69 | ¥ |11 |08 |LL|€e |29 |o0¢
09 [6g |8c | Ls [9c |ee [ve |es |ag |1e]os [6v [8v | Ly [ov | av [ v |ev [av [ 1w | ov [66 |8e | Le [9e | ce [ve [ee|ze [ 16 |0e |62 |8 | Lz |92 |ca [ve [ea|aa |12 foa |61 |81 |Lt [or|ct|[wr|er|ar|[ti|ot|e6|[8 |2 ]9 |c]|v|[e]|a]|rT

PIEYOIO0 poas [eUO[Dd BI[OJA BAL], JO JNOAer]

39



(w9 x w9 Suredg * $991) 0OG = S9AIY (F x SIIICT HO0[q T) SHO0[q 9-
(89913009 = $0913 OF x SI[IWE] 0 18K FTOZ ‘SI9I )09 = SPAIY OF x SOITWE] O TBIAELTOF 'S99} 008‘T = 0913 OF x SAIIWE] 09 JIBIAZI(F ) S9943 000‘EC = S08I} OF x SAIIWE] 00T -
Funyuerd pue nole[ 918

19 [ 09 8G | LS [ 99 | SS | PC | €S | GS | TS | 0S [ 67 | 8% | LV | 9V | ¢F €v | eV | v | OV | 66 | 8€ | LE | 9€ | S€ | V6 | €€ [ 26 | 1€ | 0F | 6 | 8C | L€ | 9% | S€ | ¥G [ 6¢ | G2 | 1€ | 0% | 6T | 8T [ LT | 9T ¥I | €T [ &1 | IT 6 8 | L 9 | ¢ V| € 4 T
¥ | 06 8G [ TT| 6 [€L| € [9L |2V 6|08 | €S |6L|LS|€G |3l ST JOL|L6[86|CT 66|61 8|06 |8 |¥8 |06 |0L|¥E |08 |TL|SS |9V | ¥ |18 8 |96 |cE|69|€S|g9|FP IT | LL |69 |98 8 | ¥ | I6 | LL | L6 |18 |€C|8E|TIE| T
L |88 9 S8 (68 | 8L (€9 | LV [L9|0€ [99 |96 | L6 |61 |89 (98 |GS | T |L8Q¥VP |06 |16 |9E VL | G2 (LT |6L |29 |¥9 |€ET |€S|BS [00T| 38 | LV |GG |8S | 6F 99§ €V | €T | 1S [ 18 |99 | 05 | 8L | 9T | 61 | €9 | 08 16 G6 |PL ST | TG |6V [OL |¥8| @
Gy [08 | OL (06 |8€ | IE | TS | 09 | 0C | 8T (69 |GG (¥6 |98 | ¥ | 6S | TL [ PG| ¢ J9¢ |8€ |6E | OT [8C | €V (08 | ST | ¥ | L8 | ¥P¥ |LE| 9 [9L |GE [ L |GV | SV | 69 V6 | 8S | 8¢ | 96 |96 | @6 | ¢F | EF | €¢ | L8 | TL | 6F | €8 | 9L OF |FT [L8|0E | ¢ [LE | ¥P | €
8L | 9% [ €1 | LT |96 | OF | 86 | 9T | LS [ @8 | 92 | ¥& | PT | OT | €6 | 67 [ 18 | 99 [ LE J9C [ L9 | €€ | TL |09 [ 1€ | L9 [ 88| 6 | 6 | 66 | 96 | L& | 9 [ 99 | 9¢ | 8€ Ve | 61 | €LYV | PS | 08 | €9 |GG | 69 | 96 | 6L | €9 | 8% | LT | 8L | OE 08 |96 |88 |9V | C | V6 |68 ] ¥
69 |28 | 6T (LG |16 |8V | LL |26 | & |68 |0V |2S |8E |06 |CL|6G|€S|0€| P8 €6 |00T|6S (96 | 8T |LE [€I | OF [ 1S |€E (GG |08 (€8 | & |18 |19 | QS (8L | €2 8y |6S | T | €S| QL | 7 (€8 |¥6 |68 | IF |CT | 1% | €€ |92 | ¥9 | L9 |0OT|CF |89 | 06 | ¥C |92 | OV | ¢
GT | LG [ LE [GL | SV | L |69 PP | 9% | 6L |GC [TT | 9 |GL | L [66 |CF |8V | L6 [ST JT9 | LS %S |68 |¥C |61 |CF |89 | IF [99 | LL | €C |98 [ S8 P9 | TL |86 (66 88 |68 | 6 | 6T [98 | FT | €L | LO | GE | LT | € 9 |88 | 0T | 2F |00 |CC (LG |82 [ 6 |S€ [8S (79 |99 | 9
T | LL | TV | 9¢ €6 | PG | TG [ TL |99 (ST |8C [ 8 |98 (L8 | 1€ (GG | €8 | 9G [ €L J €T (96 [ ¥6 | LT | P1 |98 | €S (€2 | 19| T |03 [CG9 | 9T | €L [ €9 |6V [ LS| PG| ¢ |18 |GLYEI |91 (67 |8E |OI [GL |19 |86 | $E |9C |66 |6E |69 |OT | #< |86 [ 8T | IT | LT [ 6€ [EF | L
06 [9€ | € | ¥8 92 | ¥ |18 |8E | T9 | QL [ SS | OL |69 |02 (LT |96 (29|61 |98 ST |89 | € | ¥V |T1S¢|2T |L6| € |96 | LT (38 |C9C |83 |GL|VE|¥P |69 |0€|8T (02| 9% |6€ |06 |8 |26 [6G LS |FG |TL | ST |89 |G& |G |SL |09 |TF |6 |98 | €T [66 |96 | 19| 8
€V |66 | €S |89 | ¥€ | 9T | €8 | 96 | 0G | 8% (8G | LG (GG | ¢ | €V [ST | T (99|99 |12 | LG [C6 | 9T 66 | 88 [OT |6V |26 | L8 |99 | 16 | OV (€6 | 06 | PT | TT | L9 [ 96 | 89 (08 | 99 (61 | 16 (29 | &F | LT | €% | PT |06 | FR [IT | L |78 | ¥€ (L6 |08 | €6 | C1 | 1C | 61 | GG | 6
9 |79 |9 | ez | ov [ €9 |6a |89 8L | e |62 | v6 | L€ 96 | 6L | aL |oor [ vL | ot ['88 [6L |79 8v | 98 |0g |06 [8v | 8 |86 |62 |00t | ve | 8L |ev o [6v |98 |16 |es | cL |6 | v8 |6 [ar |cs |6L |8 |69 |BL |18 |96 < |66 |61 |0 |18 |es|LL| 2|09 ]or
v |OL| 8 |08 |96|¥%. |86 |69 ¢ ¥ |6V VS |69 88 (09 | €€ (9T | PP [ TL |19 [8E | €8 (69|92 | & | TT |GG | L |8L|LE|BT [GG|CL BT |6L|(CSE|6E| 9 |PL|SB) 8 |L9|96| € |81 |66 |EL|09|99| ¢ |€E|CO |16 |9OF |8C |6L [E8 | PP |29 |6V 96 | I
8¢ | 16 | 6 (00T | #< [OT | TL [ T | L% (9 | €6 | TL | TS | ¥8 [8C |16 [ I8 | GL | PE | LOJOS | L [98 | LS [PE | 9€ 6T |G9 | T |99 |18 |CE €€ | G¢ | 1€ |09 | 6 | TG |8c | T JOL | LV |96 [SC [OL | L8 |08 |61 |FPL|CL|GC |18 |1€ (86|68 | [ |LF|9C| ¥ ¢ | Ov | Gt
86 | €6 | I8 |9V | PT [ ¥6 | ¥8 | 1S |26 [ @S | 6€ | LV | 8T [89 | €9 |66 |08 (98 | 8 | OV J LT [8L|LL[SL|OL]| 9 L [€Vv | ¢ |9T |1y |91 09 |66 |96 |69 | ¥ |68 |16 |9L )02 |9V | VS | Vg [€9 | G& [00T| 8L | €% | L6 | LE |00T| ST | ¥S | ¥6 | € [OL | 8 |9V [ 9L | 6¢ | €T
6 | L9|GE|LE|€E |96 | PC |99 | CC [ LL|OL|GC|9L |19 |L8| ¢ [LG |99 |€L|S6 €6 |LB |76 |CC €T |08 (L6 |C8 ¥V [FL|TL [0S |88 (%S| & [¥9 |99 |0V | TT | €9 [GL | SV (38| 9 (I8 | &L |I¥ |69 (LS |Te |¥& | 8 |0L |Lc |6C | L |OF | S |¥8 |8E | L 6 | 7T
8T | € |66 | 6V | 98 [ €L | ¥9 [ CT | 9€ [ 9C | 1& | 68 | ¥¥ | 99 | 96 | LT [ SC | ¥9 | 1€ |99 26 | G [6C |98 (€9 | ¥I |6V | €6 | CT | ¥S | 1€ [ 9L | LS (O | 66 | 8% | G9 | L& [ 99 | GF [ LL |09 |89 | S€ |68 |GL |OT |16 | T G |e3|I9| € |87 |TL |88 |FL[TG|CL| & |€F | €S ST
GL |1V | €8 |89 |8G |99 | V€ | ¢V | GL | L6 | €L | GG | €V [ 0C | 69 [ 28 | @9 [0 | L [ST JOL | 8T | 9T (8% | 0G [ OT | ¥8 | 99 [ L9 | LL [9V |99 [ 66 | 8 |1c | SC | 96 |99 | 0€ [ €S | TG [ SV | LE | VC | VP [8F | €6 | €S | 0C | 98 [ 66| CL |9 | €6 | €F | 9 | 0T | €9 | V€ V1| 69 | 9T
02| 9 [€9 €1 |66 [PL |GL [TE | €T (€8 | LT | 8 |8C | €T [€6 |18 [€C | TV (LT | QL Q99| <SS |69 |€C (68|86 65| 6 |¥6| 9 |06 |LE |18 (6C |68 8L |1¥ | Ve [€EL|92 | T |0S S8 |8y (€F |06 |LC |0% |€C |92 |G6 (8 |9F |29 |eF [ ¢ | TT | C€ | L6 82 | €8 | LT
09 [¥L |99 |16 | ¥ | L& | ¥6 | 09 | L9 | 98 [00T| 69 | 86 | 6T | 8¢ (06 | 82 [ 99 | OT (88 9% | 8 | 9 [ G |19 (8% | €S | €L |66 | LT [SE | LV [09 | L6 |6V |¥8 |CC|9€ | VS |16 |87 L6 [00T G9 |6 |66 [ LS |98 | 8T |99 [ L8 |LL | PG |6C |98 | LS | 8L Ly | TL | 8T
€ | ¥6 |8V | 6L |06 | L | LV |[€9|GE 9L |LE[SL |66 | G [G6| 9 [L8|€C |61 |00TQTIE |96 |¥9 | SV [CL | 8L [8S |18 |1 |1V |19 |96 |93 | € | G¥ [ OL | 89 TF |GC | 9L | L9 | 6G | LF |69 | G |16 | €9 | L& |66 [ LT |96 | €6 [ 19| T |61
TG [9L | ¥& | & |09 (V9 |36 | €V [OT | 6 [€C | ¥PF [ T | TG (96 |98 [ PT | SV | €V (L9 | 16 [ LY [ TT | ¥C | 6L |29 | 0S [ ¥V | €8 [€F | €6 [8E | ¥S | OT [ 6L | ¢ | VL 9 | 9L |9l |78 |68 |76 |06 | ¥1 |08 |09 (&8 |08 | ST |1 |¥8 | & | L9]0C
€6 |36 |96 | GC | LT | ¥8 [ 19|67 [ TV |8 [ ¢ | OL | TT | LL | OV [ S6 |09 [8E |29 [ 8L | 9L [89 | ST [ ¥6 |00T| GL | S6 [ 98 | OF | 99 | ¥L | L8 | 98 | €2 [ 8 | 96 | ST 8 |01 | T |98 |67 |28 |88 [EE 2% [GT |8 [ LF |OL | L v | 09| LE| 98|18
8L |86 |Tc | 1€ |8 | TT | 1¥ [68 | 6T [ L6 |99 |CS |89 | SS9 [6€ | ¥ [VE |GS (PG | I8 QLE |C8 | L8 |16 (61 | & [LE|9G | QL | ¥T | SL |GC |09 |0V | ST |26 |GL . €8 |F9 | ¥L |G |86 | 8F |88 | OT |29 |26 | 9L | ¥6 | 99 | 89 |00T| €S | 8T | 9¢ | @&
€C |99 | TT |9V | €€ [ 92 | LL [ 16 |29 [09 | L8 [T19 |38 |08 86 | 0S¢ | € | 6 L | PLQPL| € [T |€C |9€ | CC |82 |9V | 9T | 99 | 8¢ | €L | L& [00T| T | LL|GSL 19 198 |02 |BL| © 6 | LT | 7€ ) GF |96 | ¥9 [C98 |09 |[EL | 8 |92 (29 | 6 | €8
8T | €€ | CF (OT |¥¢ | L |9€ |LF | G |GG |91 |88 | LC |EF |66 |68 [ L6 |19 (S8 |0C | ¥8 |99 (08 |60 | 8 | ¥ |78 |L9 |62 |8¢ |86 | ¢ | ¥8 |69 |98 | &F | oF € |16 |99 |68 9L | 8 |6G |11 | L 9 | LL |88 |99 | 6L |8L |88 |19 |9T]¥e
96 | €T | 1 |09 | €8 | 9C | &6 |6E | € | 6C |0OT|&F |9L | SF |67 |08 |68 [ 8 | LV [88 | 9¥ | 6C | 6S |TIL |ST | 1€ | F€ |1¥ | TL | 6S |OC |68 [ &F |06 |6C | LF [ L G6 | LG |CT |09 |OF |T6fcc | ¥ [PL|GC| 6 | € [LC |96 |&6 [I8 | € | €T |SC
OL |98 | ¥ |98 | L6 | €L |96 [€T (L9 |0F | 9C | [T c9 (07 |99 |ee | 1€ |09 (69 ) ¥ [€V [LL| 6 |0E | FL |98 | L |LT (8L |OL |€8 |61 | 8 |GZ |16 |¥6 | €8 (19 |€6 |86 |L8 |6C |CGL|LE|CL |78 |E8 |66 |8%|CC |92 |61 |&S |2¢ |66 |79 |65 | &6 |8G |01 92
68 [96 [8 ] & [or]oc |81 [se|1c |or |9 |68 71 | of | Lo [ 2o v |6t | ec |96 |06 |05 [ 18 [T [aL [sc |71 |8 |66 | L8 |60 |89 |0 |F |69 | 6 |99 | & Jec | 8 | vv |ar |81 |Le [ Lo |oL |29 |62 | L6 |28 |05 |28 | T |or[ot | ¥ [oot]¥s v 13
66 |8€ | ¥¢ |6 | 9 | PL |98 LT |16 | ¥9 | 99 | #C | 8L 6C [ L6 | SL | ¥E |36 | 8SQOE |8C |16 |0F |OL | L9 | LT | GO (TS [6C | L6 | GE |81 | €L |G8 |8F |GG | ¥ |89 |SE|SS | TV (9L | 6€ |6V | 6 |OT |8F | IS | SE [ PE (L8 (SO |89 |OF |FPI (L6 | C 9 (89|97 8¢
1 | 15 [ 67 |08 [ce [ oz [or |60 |88 | o 18| LL| ¢ | ¥r |La|se |ee | v |t [ev |86 91| v |cooc o 7885 ¢ [ae |16 |ro | cr 75 |cr | ¢ |ar s |Le|te]se|oc|ve| 66| ve|e6 |06 |6z or |ac|Ly |76 |09 |88 [sc 16|81 [ce | 8¢ |68 |ov 63
s [ve [ 18 oL |10 | sc |89 |8 [oot|oc |98 |05 |78 [#a |61 |18 |19 |8 [6c [v6|ar 99| 8 |1p | ¥ |6 |cr|ra|or oo |es 6L |06 |10 |ew|1s|vr|Le[ss|e]ve]|es| ¢ [8[9z]|60[ss]| ¢ [os|ec|er || 6 |or[o6e |0z o00]as[Lo]10 08
99 | 1¢ [a1 |98 | 16 | 1L |66 |59 |G [ %G |16 |98 | T 6L |01 |or |16 9. |8v @9 |ee €6 | <8 |5 [ & |9 |9 [0% |26 96| T |9 |08 | 8 |oo |8 |ve | o6 L8 08 9 |2 |8 | 1 5 | 61 8¢ |06 | 98 | a1 [0g | or [ov | Le |16 | 0¢ | 08 | &5 | 69 | L1 1€
G |69 |99 | CE |8F | T |06 |OF |FS |9S | FF |&F | 9F |96 |66 (92 | 99 [ ¥9 | ¥ | CL | &V | 67 | 6€ |GG |09 | 68 | IT |¥#L (6T | ST | €7 |09 [€C | 0% |1 |EF | G | IT | 6L 16 | 18 [ 09 | TL ¥¢ |CL |68 |86 |69 | I8 |0OT|LZ |98 |08 | L [€L | 1% |08 | OF | €9 (45
8T | TT 66 | F¢ | LE | L |19 |16 | LO | S (€9 | 6 | €0 |C6 |79 |28 |68 | SE |98 ) & |18 LT |01 |1 |89 |0€ |9C | 1€ | @8 |98 | 8€ | 6% | € | 98 | 16 |00T| €9 | 09 TS [ 66 | 8T | TT 6L |00T| 99 |9 | T |98 |TIL |¥9 |86 |OF | &9 |€C | @ |&1 | ¥9 | &S €e
v8 | sL %G |86 | 66 |81 |99 @8 | @1 |18 (65 [5L |66 |6 |cr |16 [es | ¢ |ec|ec |28z |vo [oL |81 [6p |19 [cL fo@ |26 68 |61 | 6 o1 [ae | 1 {06 | vv | e |ae[sv [og|ev |2t a6 o [or [16 e8| o |8 [16 [1o [cL |16 [8s |66 88|62 Lo ve
9 | Iy [ 9T | 8¢ | 08 | 05 | LT | 6§ | 8S |OOT| L& | &8 | L¥ | €S |69 |0G | L& | €V | LL| ¥ |68 |6L|LS| 9 [GE |92 |9F |9L |08 | L |96 |SF [LF | 8L |€C | 1S |96 | €8 | 61 |6V | 1€ [9L | 8 | V€ | €8 | OL | SL | 8F | [¥ | 19 |¢86 | #8y[p96u|0L | €T | SC |09 | €9 [8¢ | 6 |91 g8
ot [ oL 6L |7 [09 g |76 |28 |€s | ¢ |88 [ oL o1 |18 |26 | e |8 |96 |ow[cc]os| 6 [@6|er |16 Lo |66 | 1o 6@ | L1 |2 |ce|s6|cc|s |6 |as|ve|os|sL]ec]|ve{oc]vi|es|v6| L oot |2 |ee|re |06 ¥ [e6|ar|cs|Lr|s 98
& |ov|er|og | 8 |se|6c|ca|paulos | €a | e |0z s |67 [Lo| 6 [ve |9 [re|v6 [y o8 | [or | ez |10 |eL | <0 |00 [wanuc |66 [o¢ oo |2e |ar |9 [a6 | o Jor |69 |t [Lv[18|se|6r |06 ]|ae|oe|ct |0c|od |06 o6 |o0]1e |0z |rs[eL 6L 1€
06 |58 [9c | e |er | sv |06 | 1v |or |69/ €0 | ¥r | 18 |16 |96 [€r |96 [cr | eL o8 |88 [se €6 |e1 [1c | ar | o1 [es|Le |82 |#n [#6 | e | ec |ve |80 |oc [96 [vo [or]| ¢ |sv[er| o [os| e |70 [Le |6t |or |1d [o0r|@e |96 |0 [z |68 |75 [o8 | 9 | L9 8¢
9 |26 [¢e |92 | &F | ¢ |88 | 0L | €9 |66 | € [TC |09 |86 |TL |16 | €€ |19 | VP |OE |69 | PG |SL [z [8L | 18 |99 |E9 |6F |#8 | 0% [L8 [ 98 | €T |TT| L | €6 |06 |62 [G9 )GV [09 | C6 | V¥ | LE |66 | ¥ | 8% |68 | 6 |09 |86/ &8 [LL |88 |OT | o9 | L9 | LL | VS | GL 6€
LT | L8 | LS | €8 | L | L¥ |OL |OF [ 6L | 8F | €€ | €6 | 79 | G | LG |G [6L [ @ | €2 | 09 JOOT | 9T | ¥€ [ 86 |9€ | 99 | %€ |19 |66 | T |8E [CL [F9 |98 P8 | T (€% |68 |¥6 [0G 9T | € |GE | G [8G |96 |69 | IF | 9 |08 |6L |96 |8C | 1L |9L (L9 |19 | ¥8 |FF | 6% | €T ov
9T | € |01 |69 |65 | S |L9|IT |CSE |08 |G6 | € | GBS |96 | 9 |98 | 6C | €V (32 |OT §9S |99 (S |FL (8% |66 | 9 |89 |CT |LL |9Z | € | GO | 16 |GG | LL | L6 | 08 | GG 9T | FT |99 | LF |76 | &G [6S [S6 | 9 |8F |oF | € [6F | IT | 6€ | 0B 1874
oot ] 66 68 | 1¢ |71 |09 [z |86 [0 a1 [er[so s [refer|eafar|s|e|os|ce|ee|6r o |sr 60 foor| L [29] o |18 |66 o |sr | [e8]99 g |19 s |20 oc |66 e |re|c|es | |o6 6L [or |se|o0o av
[ et oL | T |96 |1c |28 |10 |36 T [ 28 ot [ov oo | 6 [66 ¥ |s6 |av | 6 |6 |1r [6a |69 |6 |co|ce |17 [or [La | s [oL [LF |01 o8 [T6 [19 vz |06 | 1< | v |89 [or [9g | e [ 1 |e8 |16 98 61 |88 |15 [ 8L |69 2
sLos s |26 ] o |16 |er [LL|¥a |16 |1e |88 |ca | [se| 16| 1 [3s[se|sL[69[cs |1 |or [aL |8 |#e|ss 68 |6 e |Te |69 |tr [1L|or [ve [T 1t [sg |26 |79 | oL o8 | L |28 |Tr G| L 29 |06 |70 e |66 |83 vy
a6 | L |56 |8 |6 | € Joor| 8 |og |67 |08 |LT 19 |eL|rs |86 | ez |06 | c6 | 2o L6 or |r6 |8 |6r |26 |11 [T |Le |71 | a1 2|78 o010 [#5 | 96 | 8¢ @6 |8 | Lc | ce | <6 | o | a1 |sc |06 |69 | 1e |ce |81 [ oL 61 |89 [ ¥r a7
L6 | 19 [68 |0 | 89 | 67 | €S |19 |79 |65 |SF | © T¢ |06 (@8 [6L | L8| LS| ¥ |GV |0€ |G | €1 |8F |89 |GE |¥L |0S | 1L |6L |98 |6GE |86 |FPS | @ ST |69 [@8 |9 | L JTIT[LL|LV |€6|0E |18 |98 (¢CE |CF |0 |F8 (8L |29 | S€ |00T| 92 | 95 | €% | O | 16 97
6 | v |ov |69 e |os|er|vr o 68 |7e| ¢ vL |89 [og |99 [9e |98 a9 | 6c [vw [ 21 |1 [T 7 |6 [or [of |06 |06 |08 |ov 88| |98 |Lte| & 16 €9 [ Lo | v |12 {06 [er [ & | LT [¥F |0 [09 | 1L |15 | TF |68 | oL |1 |86 | LL|6L Ly
9L | 0% |82 |96 | 61 [S€ | 06 [ €S | €T [89 | T | S€ |99 | ¥6 (69 | €9 | 9 | @8 (6T | LT J€9 |18 |62 |09 (68 |3V |LS | €S | L9 [€L | L8 |CST | T (8T |3% SV |61 |19 |82 S ¢ |OL 68| T |69[8 |09 18|89 (61|76 |9V |98 VL |[CT|L9|LTI|C6| ¥ [<8 87
Oy [¥6 | ¢ |TL|T8 |08 [0S |PL | T |99 |9€ |88 | € |92 |96 |31 |82 9% | Ly | L JGL|OL|ES 8¢ | LL |99 | ¥ | 96 9¥ [ LL| ¥ | 12 0 [ TT | 9% | 9T | #S | 99 | €T | L8 | 9T CC [ GL| € | L6 |PT | L8 |18 |¥E |68 |16 SV | 8 | L6 | L [¥S| 19 67
€L | L | €8 | VL [88|8E |SC|ES|CL 6 | SC | 6 |86 |09 | V8|6V |6C VL |0V ])S6 | ¢ |FE 00T| 82 [ 96 | 9% | IV ¥ | ¥8 | €L | VL G6 [ 16 | €L | 8% [ 9¢ | S€ ]88 | LT | OL 8 [ VL] €9 |89 €6 |99 |96 [ 86| 0% [ 66 | OL | & [€9 |28 |CE 09

C9 |19 |09 |69 | 8S [ LS | 9SG [9C9 | #G (€S | @S | TS |09 | 67 (8 | LV (9% | ¥ | #% | € | ¥ | IV [ OF 8¢ | L& [9€ | g€ | € 2¢ | 1€ | 08 | 62 LZ | 92 | €2 | ¥ | €2 [ @Z | 1 [ 02 | 6T LT | 9T | ST | ¥T SL|TIL|[OL |6 | 8 L 9 (s |[¥ | ¢ 4 T

PIBTOI0 poos [BUO B[O\ [ZoMLY] JO JNOABT|

40



Gaciongo sub—PTS (2015planting)

1 2 3 4 5 6 7 8 9 (10| 11| 12| 13|14 (15| 16 | 17 | 18 [ 19 | 20

58f | 60 | 24f | 76f | 70f [ 22 | 28 | 1f | 22f | 34f | 61f | 14 [ 60f | 37 | 39 | 70f | 27 1 | 30f 11

43f [ 97f | 41 | 39 2 | 49f]| 19 4 11 | 13 | 48f | 36f | 67f | 35f | 51f | 7f | 97f | 31 | 72f | 34

10f | 5 43 | 61f | 57 3 | 48f| 3f | 79f| 17 6 29 | 11f | 27f| 8f | 38f | 17 4 | 43f| 10

36 | 6 [30f| 10 | 33 | 55f | 2f | 31 | 7f | 8f | 2f | 43 | 3f 7 | 91f | 76f | 32 | 57 | 20 | 33

9 |[54f| 21 | 20 | 6f | 21f | 12 | 16 | 27f| 25f | 26 3 12 | 34f| 5 |100f| 36 1 21 | 4f

67f | 53f | 51f | 27 | 35f | 7 | 65f | 74f | 12f | 100f| 46f | 74f [ 79f | 59f | 6f | 1f | 12f | 24f [ 41 | 40

4f 1 of | 26 | 34 | 5f [ 59f| 14 | 40 | 29 | 53f| 28 | 55f| Of | 8 59 | 16 | 19 | 58f | 13f

= IN|Ww|~|OI|DH ||
= IN|Ww|~|OI|DH ||

46f | 8 [ 37f | 11f | 32 | 60f [ 91f | 72f [ 23 | 36f | 2 | 65f [ 49f | 60 [ 10f | 13 [ 5f | 23 [ 22 9

1 2 3 4 5 6 7 8 9 (10| 11|12 | 13|14 (15| 16 | 17 | 18 [ 19 | 20

One line Guard row is outside: Clone12o.
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Marimanti PTS (2015planting)
PTS 2014 1

1 2 3 4 5 6 7 8 9 |10 |11 |12 | 13| 14| 15| 16 | 17 | 18

50 | 41 [ 24f | 91f | 11f | 70f [ 41 8 2 4f | 35f [ 36f | 51f | 70f | 49f | 36f | 10 7 3 |50
49 [ of | 51f | 14 | 6f | 22 4 | 39 5 40 7 of 5 27 | 61f | 40 | 3f | 14 | 6f | 49
48 | 12f | 19 [ 49f | 27 | 53f | 97f | 91f | 14 | 21 | 41 | 29 | 12 | 2f 3 39 [ 12 | 21 | 67f | 48
47 | 13 | 31 [ 67f| 33 | 36f| 13 | 10 | 11f | 30f [ 11 | 13 | 33 | 74f | 200 | 30f | 23 4 | 27f | 47
46 2 | 61f | 34f | 32 8 16 | 19 | 55f | 46f [ 4f | 39 | 49f | 70f | 9 | 65f| 8 [ 41 | 31 | 46
45 | 11 | 57 [ 51f | 5f |100f| 2f [ 31 | 23 3 2 | 34f | 16 | 91f | 36f | 5 | 49f| 19 | 11 | 45
44 | 53f | 12 [ 10 | 4f | 70f | 8f | 27 | 48f | 67f [ 14 | 32 | 2f 3 | 55f| 22 | 160 | 51f | 10 | 44
43 | 76f | 20 [ 17 | 21 | 60f | 24f | 41 | 43 | 33 [ 11f | 31 | 17 4 of | 13 | 53f | 4f 1| 43
42 | 32 | 13 [ 3f | 16 | 36| 11 | 17| 4 | 29 [ 5f | 9 6f 7 33 | 61f | 34f | 8 | 74f | 42
41 6f 5 of | 55f | 43f| 7 23 | 57 [ 91f | 5 12 | 30f | 2 of | 23 4 2f | 41
40 | 9 10 | 41 | 12 | 34f | 70f | 76f | 39 | 19 | 9f | 51f | 24f | 3 20 | 40 | 19 | 27 | 32 | 40
39| 19 | 76f | 4 | 53f| 31 2 40 | 22 | 11f | 48f | 34 | 2f | 74f | 97f | 57 9 | 67f| 3f | 39
38 14 | 33 | 29 | 10f | 60 | 14 | 8f | 3f |100f( 40 8 31 | 32 | 27f| 39 | 11f | 30f | 38
37 | 20 9 | 27 | 16 | 74f 21 | 67f | 20 | 61f | 30f [ 34f | 49f | 10f | 61f | 8f 2 | 76f | 37
36 | 17 | 12 | 4f | 32 | 17 | 36 | 55f | 9 | 74f | 27 3 | 58f| 16 | 91f | 22 [ 17 | 11 | 5f | 36
35 | 13 | 40 8 | 20 | 6f | 11f [ 39 5 | 24f | 76f | 7 1f | 29 | 33 | 24f| 21 | 55f| 10 | 35
34 | 11 [ 14 | 29 | 10 7 |100f 31 | 91f | 51f | 11 | 79f [ 10 9 | 36f| 13 | 43f | 34f | 34
33 | 22 | 70f | 27f 30f | 13 | 49f | 41 | 3f | 6f [ 70f | 31 | 67f | 12 | 41 4 | 49f] 29 | 33
32 | 61f | 51f | 4f | 67f | 12 | 27 2 S5f | 53f | 2f [ 16 | 5f | 22 [ 19 | 16 7 14 | 51f | 32
31 | 76f [ 2f | 20 | 8f | 40 [ 11f | 57 | 24f [ 12 | 97f | 46f | 11f [ 55f | 40 8 5f | 33 | 58f | 31
30 | 9 |[48f| 32| 19 21 | 34f | 14 | 33 5 9 |[100f| 61f | 39 3 [ 67f| 8f | 30
29 | 33 27f 55f 8 | 51f| 4 | 41 | 57 | 27 | 13 | 41 | 29
28 | of 53f | 74f | 10 19 7 | 26 | 2.f | 58f | 20 [ 11f | 17 5 | 28
27 | 76f | 4 46f | 12f | 2 | 91f | of | 31 | 30f 10f | 49f [ 30f | 31 | 55f [ 100f| 53f | 27
26 | 36 [ 12 | 28 | 11 | 3f [ 13 | 20 | 11f | 67f | 32 26
25 8 2f | 21 | 16 | 23 | 34f| 12 | 34 [ 39 | 40 | 17 25
24 7 | 65f | 70f | 32 8 Af | 76f | 72f | 49f | 61f | 20 | 59f | 23 5 1 39 | 4 3 | 24
23 | 100f[ 33 | 60 | 10f | 36 [ 6 2 of | 24f )| 97f | 29 | 10 | 7f | 48f | 21 | 25f | 36f | 9 | 23
22 5 57 | 76f| 22 | 3f | 60f [ 21 | 36f | 51f [ 3 | 35f | 91f | 74f [ 76f | 14 | 70f [ of | 36 | 22
21 | 74f | 29 | 19 | 91f | 27 | 36f | 6f | 22 [ 11 | 41 | 27 | 3f | 1f | 4f | 19 | 17 7 31 | 21
20 | 55f | 17 | 32 | 30f | 39 | 70f | 34f | 23 | 4f | 33 | 53f | 22 | 32 | 31 | 6f | 11 3 16 | 20
19 | 39 | 40 | 20 | 8f 9 | 12f | 24f | 5f | 32 | 67f| 16 | 30f | 2 10 | 24f | 27 | 34f| 23 | 19
18 | 1f | of | 24f | 3f | 33 | 21 | 14 | 61f | 2 | 36f | 17 | 11f | 34 | of | 20 | 4 8 of | 18
17 | 4f | 11 | 43 | 61f | 22 5 | 40 | 48f | 8f | 74f [ 91f | 8 | 55f | 49f [ 74f | 40 | 36f [ 13 | 17
16 | 50 | 31 | 57 | 32 4 | 70f | 55f | 3 7 of | 27 | 19 | 4f | 6f [ 51f| 8f | 33 | 5f | 16
15 | 29 | 55f | 23 | 2f | 13 | 74f [ 76f | 9 | 51f [ 70f | 40 | 2f | 24f [ 30f | 14 | 76f [ 11 | 1f | 15
14 | 20 | 39 | 3f [ 19 | 49f | 41 1 10 | 13 | 12 | 22 5 17 | 21 | 12 | 29 | 17 | 10f | 14
13 | 67f | 11 | 30f [ 58f | 34f | 8f | 16 | 31 | 38f | 48f [ 91f | 39 4 | 11f | 32 | 26 | 31 | 27f| 13
12 | 40 7 | 21f| 36 | 67f | 32 | 2f | 20 | 57 |100f[ 14 | 16 | 7f | 18 [ 10 | 43f | 100f| 67f [ 12
11 4 8 33 13| 29 | 37 [ 36f | 76f | 7 | 97f| 2 | 41 | of | 74f| 2f | 27 | 5f [ 19 | 11
10 | 39 | 57 | 27 [ 61f | 9 12 | 51f | 70f | 46f | 47f | 53f | 22 | 30f [ 12f | 23 | 58f [ 24f | 9 10
9 | 36f| 3 22 6 3f | 23 | 10 | 74f | 34 3 | 51f | 4f | 32 | 55f | 72f | 79f [ 41 | 20 9

8 21 | 6f | 91f | 5 | 24f | 59f| 39 | 12f [ 11 | 91f | 11f | 61f [ 48f | 12 | 34f [ 8f | 61f | 100f| 8
7 2f 7 2 | 55f 360 | 2f | 4f | 13 | 54f | 37f| 20 | 43 [ 10f | 8 | 65f 14 | 4f 8 7

6 23 | 41 | 70f | 33 | 53f | 49f | 60f | 34f [ 25f | 16 | 17 | 14 | 24f | 76f | 49f | 29 [ 6f | 32 6

5 8 17 | 3f 9 8f 4 | 31 5 3 33 3f | 29| 21 | 27f| 2 33 [ 11f | 53f | 5
4 19 | 74f | 61f | 10 |100f| 74f | 76f | 97f | 21 [ Of 4 | 30 | 55f| 31 | 10 | 41 | 34f| 17 | 4
3 16 | 27 | 22 | 60 [ 36f| 3f | 5f [ 40 | 39 | 70f [ 20 | 91f | 13 | 36 | 12 | 36f| 9 [ 91f| 3
2 | 53f| 40 | 1f | 23 | 49f | 65f | 61f | 6f | 67f | 28 8 19 | 22f | 11 5 | 30f | 49f | 35f| 2
1 59 | 46f | 48f | 67f | 7 27 | 34 | 51f | 14 | 11 | 10f | 5f 2 | 13f| 16 3 | 24f | 40 1

1 2 |1 3| 4] 5 6 7| 8| 9 |10[11([12[13 |14 [ 15| 16 [ 17 | 18

Two lines of guard row are outside of the line, one line of guard row of the row.
Out side of the line:Clone 17, inside of the line and row:Clone12
These cell weren't planted in order to avoid gully
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Makima sub—PTS (2015plantin

N—

1 2 3 4 5 6 7 8 9 |10 11 |12 | 13| 14| 15| 16 | 17 | 18 | 19 | 20
8 10 3f | 59f | 14 | 36 7f | 34 5 3 8 1f 4 14 | 29 1 48f | 6 10 | 34 | 43f| 8
7 23 | 67f | 74f | 10f | 8f 17 4f | 33 | 53f | 70f | 46f | 13 | 27f | 35f| 16 | 59 5f 8 57 | 27f | 7
6 2 79f | 21 | 46f | 1f | 35f | of | 22 5f | 55f | 100f| 72f| 5 12f | 10f | 79f | 49f| 39 | 31 | 65f| 6
5 6f | 59f | 60 | 43f | 51f | 12 | 25f | 39 91f | 30f | 27 2 28 | of | 36f | 34f | 24f | 36 7 5
4 37f | 27 | 26 | 54f | 34f | 30f | 57 | 41 4 31 3f | 13f| 43 | 34 1f 4f | 70f | 55f | 11f | 91f | 4
3 13 | 65f | 2f | 12f | 48f | 40 7 49f 19 | 33 | 97f | 21 | 60f | 61f [ 40 | 51f | 67f| 9 58f| 3
2 58f| 20 | 28 | 36f| 72f| 6 22f | 43 | 29 | 32 | 53f| 8f | 37 | 23 | 19 | 20 | 65f| 3 11 | 41 2
1 11f [ 100f] 97f | 11 | 16 | 60f | 76f | 21f | 24f 12 | 60 | 170 | 76f | 6f | 97f | 32 | 74f | 22 2f 1
1 2 3 4 5 6 7 8 9 11 (12| 13 (14 | 15 16 | 17 [ 18 | 19 | 20
One line Guard row is outside: Clone12o. Gate
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Tiva PTS (2015planting)

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 (14 | 15| 16 [ 17 | 18 | 19 | 20 [ 21 | 22 | 23 | 24

36 | 16 | 39 | 10 | 70f | 11f | 3 76f | 14 | 61f [ 12 | 20 of | 21 | 24f| 40 7 20| 41 ] 10 | 39 1f | 19 | 13 [ 30f | 36
35 4 23 | 53f| 2 12f | 20 | 16 | 30f [ 11f | 19 | 40 | 31 | 76f | 5 34f | 43f | 51f | 2f | 11f | 11 | 67f | 70f | 33 | 27 | 35
34 | 32 | 31 | 91f | 3f | 27f | 4f | 11 | 55f| 23 |100f| 3f 8f | 11f | 70f | 33 | 16 | 48f | 10f | 3 34f [ 12f [ 5f | 10f [ 100f| 34
33 | 20 | 33 | 34 | 36f | 61f | 46f [ Of 2 48f | 39 | 32 | 74f | 49f | 13 | 36 | 53f | 3f | 30f | 31 | 74f | 21 8f | 55f| 5 33
32 | 13 7 17 | 55f( 22 | 76f| 7 91f [ 17 | 41 | 12 9 1f | 21 8 10 | 14 4 19 5 49f | 40 | 41 2f | 32
31 11 | 2f [ 57 | 16 | 51f | 29 5 4 40 | 14 | 29 | 22 | 76f | 40 | 67f | 74f | 49f | 17 | 91f | 61f | 27 8 17 9 31
30 | 31 9 27 | 24f | 67f | 23 | 35f | 65f | 10f [ 51f | 10 | 27f | 4f | 61f | 11 | 34f | 9 8f | 22 | 51f | 14 | 13 4 6f | 30
29 | 36f | 91f | 5 12 2 3 5f | 21 | 16 | 36f | 30f| 7 31 | 13 | 55f | o9f | 16 | 76f | 55f | 3f | 32 | 23 of | 29 | 29
28 | 67f| 20 | 21 | 17 6f | 41 8 22 3 8f 9 74f | 6f | 33 2f [ 79f| 1 4f | 58f | 20 | 36f | 2f 7 11 | 28
27 8 51f | 32 | 19 | 4f | 70f | 72f| 39 | 60 of | 12 | 14 | 53f | 29 8 32 | 30f| 2 49f | 40 | 33 | 34f | 49f | 70f | 27
26 | 61f | 41 3f 2f | 53f | 10 | 11f | 97f | 24f | 32 | 60f | 22 | 27 | 24f | 39 | 48f| 57 | 12 | 91f | 10 | 57 | 19 | 67f | 6f | 26
25 4 5f |100f| 27 | 24f | of | 43 | 27 | 17 | 46f | 2 36f | 19 | 97f | 34f | 14 | of 7 21| 41 | 22 3 39 | 74f | 25
24 | 21 | 36 | 76f | 8f 4 33 |100f| 34f | 7f | 55f| 3 4 70f | 2f | 13 5 4f | 27 3f | 51f | 48f | 29 | 10 | 24
23 2 7 58f | 23 | 17 | 11 | 67f | 61f | 6f 5f [ 91f | 7 11 | 21f | 40 | 74f| 31 | 17 | 55f | 40 | 24f| 32 | 14 | 41 | 23
22 | 39 | 3f | 6f | 49f| 20 | 2f 5 16 | 36 | 57 | 39 5 20 | 23 3 2 16 | 12 1 | 30f| 36f | 70f [ 19 8 22
21 12 | 24f | 40 | 31 | 13 3 4f | 25€| 97f| 10 | 33 | 13 | 11f | 27 | 39 | 21 | 57 | 49f | 5f | 41 5 21 | 76f [100f| 21
20 | 30f |100f| 11f [ 10 | 70f [ 14 | of | 76f | 49f | 4f | 22 | 14 |100f[ 2f | 32 8f | 10 | 11f | 51f | 27f( 3f | 49f | 12 | 34f | 20
19 | 11 5f | 91f | 34 2 61f | 74f | 48f [ 17 | 23 | 67f | 9f 4 6 40 | 53f | 76f | 6f | 91f [ 17 2 74f| 32 | 22 | 19
18 | 53f| 9 19 21 12 4 7 51f 8 36f | 61f 7 41 26 1f | 43f | of | 34f | 67f | 11 | 24f | 61f | 12f 9 18
17 of | 59f | 7 33 3f | 41 | 22 | 65f | 10f | 70f | 40 | 46f | 60 4f 2 16 | 33 | 14 [ 30f | 57 | 23 | 29 5 4 17
16 | 30f | 32 [ 55f | 6f | 36f| 9 10 | 11f | 4f | 27 | 11 3 2f | 27 | 31 3 11f | 49f | 20 | 4f | 12 | 19 | 21 | 27 | 16
15 | 29 | 74f | 31 | 97f | 22f | 34f | 1f | 32 | 55f | 33 | 74f | of | 29 9 20 | 17 | 19 3f | 53f| 36 5f | 72f | 53f | 30f | 15
14 | 8f | 24f [ 58f | 14 | 8f | 46f | 24f [ 61f | 39 | 13 | 36f | 16 | 34f 28 | 36 | 34 | 67f| 51f | 91f | 35f [ 55f | 67f | 41 | 14
13 | 22 | 48f | 33 [ 60f | 19 | 43 | 20 | 91f | 8 22 | 27f | 79f | 51f | 39 | 76f| 13 | 70f | 8 10f | 16 | 12f | 10f | 36f | 31 [ 13
12 | 10 8 13| 39 | 41 5f 50f [ 11 5 21f | 61f | 48f [ 53f | 22 | 36f| 2 6 5 27 | 10 | 70f | 100f]| 24f | 12
11 29 2f 3f | 61f [ 36 | 49f 9 12 | 67f | 17 6f | 32 | 31 | 21 | 41 | 34f | 40 | 30f | 38 | 74f | 44 | 4f [ 22 | 11
10 | of 4 94f [ 9 1f | 14 | 4f | 40 | 39 2 33 | 36 | 97f | 19 | 46f | 11 | 55f | 12 | 47f| 3 21 | 13 | 35f| 8 10
9 5f | 19 | 74f | 15f | 53f | 57 | 31 6f | 55f | 24f | 23 8f | 58f | 25f| 17 | 60f [ 20 [ 19 | 67f | 11f | 20 | 91f | 65f | 12 9
8 23 | 34f | 55f | 72f | 30f | 2 13f| 19 | 10 | 34f | 100f| 41 | 30f [ 10 2 57 2f 5f [ 10 7 4 39 | 67f| 54f | 8
7 2f | 59 | 29 6f 3 41 | 11f | 5f | 20 | 21 8 22f 3 5 22 | 38f | 8 31 9 70f | 49f | 76f | 32 | 16 7

6 16 | 10f [ 14 | 11 | 12f| 13 |100f| 76f | 12f | 43 | 39 of 7 27 | 29 | 79f | 16 7f | 61f | 43f| 6f | 19 9 36f | 6
5 35f | 61f [ 43 | 18 7 40 | 27 | 34 | 48f | 51f | 31 [ 65f | 11f | 36f | 21 | 20 of 3f | 24f | 53f | 34f | 31 | 26 3 5
4 36 | 13 | 74f | 53f | 8f 3f | 12 | 70f| 5 14 | 74f | 3f 2 23 4 |[100f| 28 | 32 | 60 | 10f | 1f 4f | 33 | 57 4
3 70f | 4f | 51f | 33 | 23 | 22 | 27f | 91f | 30f | 16 | 27f | 33 | 55f| 8f | 24f | 51f | 31 5 7 20| 41| 12 | 17 | 16 3
2 27 | 91f | 1 32 | 67f| 13 | 11 | 29 | 17 | 53f| 9 40 | 32 | 34 | 76f | 58f | 49f [ 29 | 37 | 14 | 46f | 40 | 37f | 51f | 2
1 43f | 2f 3 49f | 48f | 39 6f | 33 8 of | 60f | 97f | 11f | 14 | 22 | 21 | 91f | 17 | 23 8f | 27 | 76f | 36f | 11 1

1 2 3 4 5 6 7 8 9 10| 11 | 12 | 13 (14 | 15| 16 [ 17 | 18 | 19 | 20 [ 21 | 22 | 23 | 24
Two lines of guard row are outside. Inside:Clone120, Outside:Clone14o l PTS 2014
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Yikithuki sub—PTS (2015planting)

1 2 3 4 5 6 7 8 9 |10 11|12 | 13| 14| 15 | 16
10 | 13 | 72f | 49f | 6 22 1 4 28 | 24f | 36f | 11f | 48f | 43f| 13 | 5f | 8f | 10
9 7f 8 | 10f | 60 | 51f | 55f | 2f | 27 | 21 7 26 | 28 | 46f | 67f ] 59f | 12 9
8 | 21f | 37f [ 100f| 32 5 43 | 48f | 59f | 65f| 8 | 35f| 60f | 76f | 91f | 60f | 32 8
7 | 46f | 27f| 34 | 36 | 19 | 39 | 30f | 34f | 72f | 19 | 97f| 22 | 10 | 57 | 30f | 27f | 7
6 12 | 1f 2 | 12f] 29 9 40 | 11 | 79f | 74f| 20 | 41 | 4f | 3f | 1f | 49f| 6
5 | 67f| 21 | 10f | 6f | 20 7 | 25f| 3f 2 | 70f| 27 | 43 | 51f | 6f | 34 | 16 5
4 | 54f | 22f | 4f | 76f | 70f | 97f | 65f | 10 1 31 | 35| 9 | 61f| 14 | 40 | 58f | 4
3 26 | 91f | 23 | 33 | 74f| 3 | 36f| 14 | 34 | 13f | 65f | 4 3 11 | 2f | 17 3
2 | 79f| 16 | 31 | 24f | 17 | 58f | 5f | 11f | 53f | 55f | 100f| 29 | Of 6 33 | 37 2
1 53f | 61f | 43f | 57 | 9f | 8f | 35f| 41 | 43 | 23 5 36 | 60 | 12f | 34f | 39 1

1 2 3 4 5 6 7 8 9 |10 11| 12| 13| 14| 15| 16

One line Guard row is outside: Clone12o.
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Kibwezi PTS (2015planting)
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 (14 | 15| 16 [ 17 | 18 | 19 | 20 [ 21 | 22 | 23 | 24
44 | 39 | 14 | 61f | 32 | 46f | 24f | 51f | 40 1f 4 | 91f | 43 | 76f | 6f 1f 8f [ 30f | 3 14 7 39 8 6f | 14 | 44
43 | 41 | 74f | 4f | 76f | 22 | 23 5 21| 39 | 41| 12 | 27 | 39 | 41 | 20 | 21 4 10 | 13 9 5f | 21| 29 | 31 | 43
42 | 19 | 16 | 34f | 55f | 17 | 33 2f 1 8f | 14 3f 5f | 22 | 51f | 49f | 91f | 16 | 61f | 27 2 24f | of | 11 4 42
1 17 | 12 | 57 | 70f | 53f | 41 | 31 | 43f | 76f | 10f | 11 8 16 7 11 2 22 8 19 | 67f | 30f | 12 | 40 | 27 | 41
40 5 11f | 61f | 8f [ 40 [100f[ 20 | 70f | 32 of 5 53f | 70f | 36 | 23 | 55f | 36f | 12 | 34f | 31 | 74f | 36f | 76f | 3f | 40
39 7 32| 20 | 10 | 21 | 51f| 2 58f | 36f| 33 | 20 [ 12f [ 30f [ 100f| 97f | 65f | 6f | 53f | 41 5 58f | 10 | 14 | 34f| 39
38 | 74f | 24f | 67f | 34f | 33 | 49f | 3 6f [ 91f | 10 | 17 3 57 | 13 | 10 | 60 | 61f | 12f | 4f | 29 | 48f [ 2f 8f | 67f| 38
37 2 39 2f | 14 | 91f| 36 | 27 | 41 | 19 | 11f | 21 | 27 | 24f| of | 11 5 48f | 51f | 8f | 17 | 16 | 46f | 12 | 23 | 37
36 | 30f | 31 | 13 4f of | 24f| 9 3f | 53f | 16 8 72f | 40 | 55f | 31 | 22 | 32 | 39 | 27f | 22 | 76f| 33 | 31 9 36
35 | 57 | 29 | 55f| 21 | 17 | 60f | 23 | 97f | 36f | 55f | 33 | 36 | 49f [ 29 | 19 | 12 | 49f| 3 7 of | 49f [ 35f | 27f| 13 | 35
34 | 74f | 16 9 11 | 67f| 22 | 28 [100f| of | 70f | 48f| 3f | 32 3 3f | 13 | 40 | 19 5f | 74f | 3 40 | 30f | 34
33 | 19 | 36f | 2f | 61f | 51f [ 32 [ 10f | 91f | 200 | 6f | 79f | 4 7 67f 33 2 10f | 17 | 34f | 20 4f | 70f | 34 | 33
32 14 | 19 | 61f [ 12 | 76f| 40 | 22 | 30f | 41 | 16 [100f[ 21 | 51f | 53f| 5 10 | 67f | 2f | 32
31 76f | 10 | 74f | 51f [ 23 | 49f | 91f | 5 11 | 97f | 24f | 79f| 29 | 39 | 8o of | 27 | 49f | 31
30 39 | 21 | 60f| 13 8f 3 2 36f| 14 | 39 4f 9 48f | 3f | 74f| 41 | 16 | 33 | 30
29 30f | 5f 6f | 33 [100f[ 9 70f [ 19 of | 20 | 32 | 27 8f | 36f| 4 | 24f| 13 | 11f | 29
28 35f| 19 | 41 | 14 | 12 | 21 | 29 | 51f | 6f | 23 | 31 | 76f | 61f [ 22 6f 5f | 55f| 14 | 28
27 5 58f | 61f | 4f | 20 | 34f [ 30f | 41 | 10f | 400 | 30f [ 55f | 33 | 11f | 20 | 34f [ 53f | 57 | 27
26 29 1f [ 100 | 67f | 16 | 27 | 74f | 1 4 2f 5f 7 67f | 10f | 3f 5 29 | 19 | 26
25 4 2 12f | 6f | 36 | 22f | 8 53f | 13 | 24f | 3 17 | 11 8 | 91f | 1f | 31 8f | 25
24 72f | 51f | 7f | 46f | 29 | 23 | 36f | 54f | 22 | 32 | 43f | 41 | 10 | 27 | 74f | 4f | 67f| 3 24
23 23 | 91f | 34f | 100f| 17 | 55f | 70f | 57 | 49f | 2 20 | 61f | 46f | 33 | 48f | of 2f | 49f | 23
22 7 11f | 36f | 49f | 7 2f | 91f | 34f | of | 27 | 76f | 70f | 22 | 12 | 14 6 |100f| 36f | 22
21 55f | 21f | 70f | 24f | 34 | 13 | 59f | 9f 17 9 55f | 4f | 40 4 60 | 57 | 26 | 21
20 61f [ 4 | 97f| 65f | 32 3 8 11 40 | 27f | 3f 8 2 32 | 23| 43 ] 33| 20
19 16 | 31 | 19 [ 30f | 11f | 12f | 28 | 74f 67f | 51f | 48f [ 5f | 91f | 34 | 17 7 31| 19
18 17 | 53f | 39 2f | 34f | 16 3f [ 11f| 32 | 20 | 53f| 36 | 10 | 27f | 12 9 10f [ 11 | 18
17 7 76f | 40 11 22 4f 36 | 21 | 24f 9 39 | 31 | 70f | 37f| 13 [ 25f | 58f | 21 17
16 15f | 10 |100f| 29 6f | 57 | 23 | 11f| 10 | 40 | 33 |100f| 65f | 3 16 8 53f | 11f [ 16
15 36f | 31 | 14 | 49f | 33 | 20 | 25f | 17 | 61f | 43f | 67f | 6f | 76f| 4 26 7 55f| 29 [ 15
14 10f | 20 9 5 34f [ 3 27f | 41 | 13 | 38 | 57 | 22 | 27 7f 5 36f | 3f of | 14
13 12 1 40 | 41 7 5f 9 32 |1 18 | 16 | 14 8f 2 9 11 | 40 | 43 | 14 | 13
12 30f| 16 | 53f | 48f | 24f | 16 | 29 | 97f| 4 19 | 21 | 32 3 19 | 74f | 57 | 34f | 76f | 12
11 23 | 55f | 27 | 21 | 11f | 74f | 79f | 72f | 43 | 76f | 24f | 48f | 12 | 31 | 49f | 61f | 21 | 12 | 11
10 3f | 57 | 14 | 59 | 34 | 91f | 36f | 22f | 12 | 51f | 4f |100f| 41 [ 59f | 13 1f [ 70f | 19 | 10
9 5 17 | 22 1f 2f | 27f | 39 | 49f | 10f | 17 2f | 67f | 2 51f | 35f| 8 91f | 27 9
8 33 | 31 | 20 | 70f | 34f [100f[ 11 | 67f| 2 20 | 36 | 53f| 19 4 | 97f | 34f | 53f | of 8
7 10 | 30f [ 7 6f 5f [ 51f [ 36 | 21 | 58f| 8 6 91f | 65f| of | 39 | 74f | 23 | 11 7
6 61f [ 8f | 11f| 29 | 32 4 7 3 27 | 46f | 4f 3f 7 40 | 12f | 6f | 28 | 47f| 6
5 13 | 35f | 55f | 14 | 39 | 53f | 60f | 34 | 33 | 30f | 11 | 38f | 29 | 76f | 70f | 49f | 8f | 21f [ B
4 of | 50f | 19 | 22 9 8 54f [ 40 8f | 70f | 27f | 36f | 67f | 32 | 37f| 33 | 61f | 13 4
3 5 | 37 | 48f | 2 21 | 12f | 97f | 22 | 55f | 24f | 11f [ 2 35 | 30f | 46f | 20 | 43f| 39 3
2 24f | 58f | 410 | 23 5f | 36 | 13f| 44 | 23 | 32 | 12 | 60f | 31 | 13 2f 17 | 10 2
1 94f [ 27 | 16 | 17 3f | 39 4f | 11 | 74f | 91f | 2f 4f | 41 | 22 | 60 8 51f [ 31 1
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 (14 | 15 | 16 [ 17 | 18 | 19 | 20 [ 21 | 22 | 23 | 24
Two lines of guard row are outsid Inside:Clone120, Outside:Clone14o l PTS 2014 Acacia seed stand —
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Mom
basa
RD.

Voi sub—PTS (2015planting) Gate —
1 2 3 4 5 6 7 8 10| 11 |12 (13 | 14 | 15| 16 | 17 | 18 | 19 | 20
8 | sf | 7of| 20 [ 12| 26 | 4f | 1f | 97f 61F| 20 | 32 [ 12| 11 | of | 19 [46f | 43f| 31 | 2f | 8
7 | 86| 14| 17 | 41 | 76f | 36f | 10 | 40 27¢ | 74f | 1f | 13f| 27 | 4f | 3 |100f| 79f | 22 | 57 | 7
6 | 16 | 55f| 59| 7 | 34 | 33 |100f| 35¢| 48f | 13 [ 53f| 59 | 43 | 91f | 61f| 40 | 33 [ 55¢ | 35¢| 17 | 6
5 [65f]| 11 | 22 [ 32 | 53f| 31 [ 11| 27 | 39 | 36 | 12 | 35f | 48f 30f | 76f | 34f | 5f | 34 | 41| 5
4 |67t| 19 | 43 | 60f | 74f | 6f | 46f| 91f| 60 | 43¢| 76 | 1 | 28 24f| 21 | 43| 7 [ 39| 9 | 4
3 | 1 |ssf|30ff 29 |25t| 9 | 4 | 2 |51f|21F| eof| 976|586 | 4 [36f| 5 | 2f | 8f | 23 | 51f| 3
2 [10f| 5 | 376 12| 3 |5af| 21 [ 106| 23 | 57 | 26 | 29 | 65f | 70f | 27¢ | 60 | 3f | 10 [ 4of | 11f| 2
1 | 36 | 7¢ | 4of | 22f | 34f [ 79 | of | 24f | 28 | 72f | 59f| 6 | 16 | 13 | 36 | 14 [ 676 | 6f | 726 | 37 | 1
1 2 3 4 5 6 7 8 9 10| 11 |12 (13 | 14| 15| 16 | 17 | 18 | 19 | 20

One line Guard row is outside: Clone12o.
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Kasigau PTS (2015planting)

1 2 3 4 5 6 7 8 9 10| 11|12 (13 | 14 | 15| 16 | 17 ( 18 | 19 | 20 | 21 | 22 | 23 | 24
36 | 22 [ 20| 5 [ 33| 36| 1f [aof|sue| 36| 26| 5 | 27 [e1r|ase| 22 | 8t | 14 [ 126 76t [ 976 [ 676 32 | 4 | 57 | 36
35 | s56| 8 [a6f| 1 |16 | 60| 11 [ 41 |40 | 30126 11| o [s5¢] of [ 6f | 21| 3 [ 13] 9 [ 12| 3¢ [20] 10] 35
34 | 39 | af | 12 |70t 4 [3af| 31 | 6f [ 10| 36 [74f] 3 [97¢] 2 [ 19| 8 [otr| 23 [2ac| 7 [ 5 | 11 [ 24f] 21 | 34
33 | 3f | 20| 19| 32676 9 | 20 [30f| 7 [34f| 21| 20 [ 676 36f| 13 [ 33| 17| 2 [310| 61f| 2 [ 22 | 17 | 74f [ 33
32 [ s [s36] 7 [ 22| 5 [12f| 2 [ 17| 1932 af [ 17| 8t [ 10 32| 2f | 11f] 29 [ 51| 14 | 70¢ | 30f | 16 | 36 | 32
31 [4of| 34 [ 27| of | 13 [ouf| 40 [e1f| 22 | 33 [ 10f| 36 [ 43 [ 706 14 [ a0 [ 16| 4 | 19 [676] 40 | 39 [ 41 | 27 [ 31
30 | of | 31 16 | 3 | 76f| 7at| 53¢ 3 [ 11 [7at| 27| 2 [51e| 5 [ 10| 21 | 7 [aof| 43¢ | 3ar | 116 46 | 8 | 30
29 | af [ 41| 8 | 21 [100f] 2f [ 31| o | 12 | 14 [100f| 36f | 49f | 20 [100f| 27 | 35¢[ 53| o [ 2af| 556 12 | 19 | 36f] 29
28 [ 7af | 30t | 10 [ 676 | a0t 7 [30f| 39 | af [76f] 31 [ 40 [ 17| 3 [ 23| 22 [ 11f[ 20 | 41 [ 5t [ 16 [516[ 20| 2 | 28
27 | 65¢ | of | asf| 70f | 24| 14 [ 36f[ 01| 3t [ 70f| 16 | 2f [ 19 [ 13 [o1f| 33 [ 3af[76f| 12 [ 33| 23| 3 [ 5 [ 20 | 27
26 | 6f | 14 | 61f| 76f | 5 | 8f | 34f [ 55¢| 41 | 58f[ 30| 57 | 10 | 41 | 12 [61f| 7 [ 31 [46f] 6f | 390 | 17 | of | 24f| 26
25 | 32 [ 53f] 39 | o1f| 11 [ 60f | 23 | 13 [ 100 12¢] 276 8 | 21 | 51f| of [ 48| 1of[ 1 [ 2 | o [ 8f [ 32 [ 55¢] 40 | 25
24 [ 10|22 21| 8 | 36| 17 [a6f| 5 | of [ 2af [ aof| ef [ 11£] 20 [ 32 | 4f | 30f] 5 [ 11f[ a0¢| 7¢ | 3¢ [ 26 | 74f | 24
23 [ 33| 3t [ afr [ 20| 12| ef [ 57 [76f| 34| 2 [ 14 [36f| 4 [ 13| 22| 27 [ 7af [ 556 41 [e7e| 27 [ 13| 2t | 16 | 23
22 | 31| 28| 16 | 40 [ 34| 19 [ 676 40 [o1f| 7af[ 676 11 [ a0 | 1 [ 17 [706] 2¢ [ 2039 4 [ 3| 7 [ 23] o | 22
21 | o [s1f| 13 [ 11f| 2f [ s3f| 48| 7 [61f]| 3 [58f| 53| 12¢| 55| 01| 12 | 57 | 3¢ | 3af| 22 [ 656 31 [ 61£] 39 [ 21
20 [ 70| 21 [ 22| 41 [ 36 [ 29 | 11 [4of| 5 | 10| 29 [ e0f | 20 [ a9f| of | 46f| 24t 16 | 8 [ 70f | 36f [100f] 55¢| 20 | 20
19 | sf | 30f[100f] 14 [ 23 [ 56| 8 [70f| 256 41 | 4 [ sf [2af| 19 56| 27 [ 33 [ 23| 32 [o1f| 27 | 8f [o7¢| 32 | 19
18 | 2 | 74f| 39 [ 27 | 33 [ 30f| 12 [ 36f| 57 | 2f | 10f| 60 [100f] 8 | af | 6f [ 61f] 41 | 13 | 76f| 40t | 41 | 6f | 10 | 18
17 [ 61f | o1f | of [ 76t | 20 | 556 276 7 [ 616 | 976 [ 676 | 91¢] 31 | 76f | 39 40 | 34 [35f] 14 | 36| 2 [ 33| 1e [ 17
16 | 36 | 51f[34f| 16 | 21| af [ 31| 5 [34f[140] 6 | 1| o [53f] 3 30f | 43 | 11f | 276 31 [ 51| 13 | 21f] 186
15 | 10f | 24f [ 53| af | 11 [ sof| 19| of | af [30f] 4 [ 36| 11 [ 32 [e7e| 21 [ of [ 16| 10| 3 [ 172232 19] 15
14 5| 21023 o 2f [ s8] 39 | 17 | 12| 51| a8f| 24| 29 | 33 [ 70f| sf [ 51f] 556 19 [ 43¢ o [ 4 [ 72¢] 14
13 | 227 |100f| 33 | 17 | 11f ] 48e| 76t | 3 | 21 | 74t | 40 [ 79f| 3af| 3¢ | 8 | 14 | 4 [36f] 11| 6f | 12 27¢ | 11f | 13
12 [ 7af | s¢ [ 7¢ [ 70t | 3¢ | 14 [100f] 36f | 23 [ 46f| 59 [ 61f| 28 | 16 | af | 22 | 31 [ 97¢ [ 100f| 74 | 13t 20 | 10 | 36f ] 12
11 [est| 4 [ 13[61f|aof| 20| 12 11 [ a1 [ssef1ae| 4 [ 13| 20 [1af| 76| 13| 7 [25¢] 16 [ 33 ] 5 [ 29 [ 74f| 11
103139 1f |19 of [3af| a0 5 [ 27| 19] 7 [ 20| 32| of [ 35¢] 556 126 9 [ 3af| 43¢| 70t [ 676 39 [ 91| 10
9 | 53f 29 | 16 | 44 [ 33 [30f[ 10 57| o [ 1238|3117 | 11| 3 [32] 3|40 26]21] 8 [oar|27] o
8 | 22 8 | a7t|otf| 76f] 39 | 14 | 1 | 59| 53| 3 |24f| 2 [30f] 8 | 5f | e1f| 36 | 27 | 30f| 11| 5¢ | 40 | 8
7 18|17 2t 3|34 2 [ 32] 11 100 766 a1 | 10 [ 676 5 | 6f | 23 [ 51f] 31 | 21| 57 [ s51f| 22 [ 76| af [ 7
6 |37¢| 11f| 13 | 19 | 23 [ 5af | 61f| 36f| 676 | 5t | 19 | 2f | 36 | 160 34 [ 49t 13 | 20 | 4 [27¢( sf [100f] 6f | 17| 6
5 [ 41| 27 [ 14 | 40 [ 67¢ | 53t | s1f| 7ot [ 58t | 17 | 3¢ | 23 [ 726 of | 21 [ 7at | st | 7 | 21 [ ouf| 2f [ 10| 41 | 34f] 5
4 | of [ s5f] 20 [ 35¢| 4of | a8f| 5 | o [7af| 20 | 61| o1f| 36f| 30f| 58t 3 | 76f| 32 [ 24f| 12 [ 40 [ 676] 3 | 70f| 4
3 [65f| 22 [3af| 20| 4 | 8 [ 36| 6f [ 33 ] 41 [ 40| 2 [ 32| 12 | 24f| 516|556 8 [ 33 ] 14| 27 [4s[ 22| 4f | 3
2 [ 39| 7 2 [owf| 8t [ 39 | 60 | 10f| 276 43 | 16 | 48| 14 | 10f]| 19 | 10 | 26f | 60f| 43 [ 70¢| 20 [ 53] 1f [ 17 [ 2
1 [ st [ 373336t 31|57 | 11| 12]70e|o7e| 56| 23] o | 26| 4 [se|21] o[ 6 [22¢] 10| 11 [24f] 6f | 1

1 2 3 4 5 6 7 8 9 10| 11|12 (13 | 14 | 15 (16 | 17 ( 18 | 19 | 20 | 21 | 22 | 23 | 24

EHE |l PTs 2014

Two lines of guard row are outside.

Inside:Clone120, Outside:Clone14o0
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Kibwezi Acacia tortilis seedling seed stand
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2 3 4

1
Planted in Dec.2016

Planted in Apr.2015

Site layout and planting

=2015year

]

624 trees (26 families)

+2016year (60 plot X 4 trees X 6 blocks) + (63 plot X 4 trees X 2 blocks)

*Guard rows 528 trees

26 plot X 4 trees X 6 blocks

1,944 trees (61 families)

Total 3,096 trees
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Appendix 5-1-1~8

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

[Project Management]
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Appendix 5-1-1

Report of short term expert (Project management)

Expertise Name Term
Project Management Mr. Shizuo Kamizore 5~18 Sep. 2017
1. ltinerary
Date Activity

5 Sep. (Tue.) | Hitachito Haneda, move to Dubai
6 Sep. (Wed.) | Arrival at Nairobi via Dubai

Meeting with Japanese experts
7 Sep. (Thu.) o .
Courtesy call to CP in Ministry of Environment and Natural Resources
Meeting with KEFRI CP

Meeting with Japanese experts

9 Sep. (Sat.) Making report

8 Sep. (Fri.)

Making report
10 Sep. (Sun.) o )
Move to Kitui with Kyushu univ. team

11 Sep. (Mon.) | Observation of Kitui nuesery

12 Sep. (Tue.) | Observation and study in Melia seed orchard

13 Sep. (Wed.) | Study on seedling plantation of drought tolerant clones in Tiva

Move to Nairobi

Meeting with DG of KEFRI
Making report

Reporting to JICA Office
16 Sep. (Sat.) Move to Dubai

17 Sep. (Sun.) | Dubaito Haneda

18 Sep. (Mon.) | Haneda to Hitachi

14 Sep. (Thu)

15 Sep. (Fri.)

2. Result of major activities

2.1 Working plan of Component 4 (Tree breeding)
Working plan of Component 4 for 4 years-activities of tree breeding was discussed and approved in KEFRI
CPs and Japanese experts. Especially the implementation structure, which indicated responsible persons for
each activity and the management, was recognized as the important matter so that the tree breeding
activities would be conducted and implemented appropriately in KEFRI and FTBC. It, therefore, is very
important to keep in touch with KEFRI CPs and FTBC staffs through close contact between the project
manager, site manager of KEFRI and a coordinator of FTBC.
Tree breeding activities of Component 4 have been conducted through dispatch of short term experts from
FTBC and guidance of tree breeding techniques to KEFRI CPs., and FTBC should consider season and term of

dispatching experts to take effective and efficient activities with CPs.
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2.2 Study on drought tolerance of Melia by Kyushu university team
Kyushu university team has engaged in making indicators of drought tolerance for Melia since the former
tree breeding project in Kenya. This program is included in activities of Component 4, CADEP and it is one of
the important matter for decision of superior Melia clones. A coordinator of FTBC, Mr. Kamizore, joined the

study to attend the activities of the team.

2.3 Observation of Melia seed orchard and Acacia seed stand
The leaves of almost trees in seed orchard have fallen because of in dry season. Dr. Gyokusen
recommended clone 40 of Melia for superior individual with fast growth and good shape of crown.
The growth of Acacia is faster than expected and some of Acacia trees have stand with straight up so that a
support of pole is not needed. An Acacia tree that was planted in 2012 on nursery site of Kitui center
blossomed beautifully, and it could indicate that early seed production of Acacia, less than 5 years, would

be succeeded.

3. Subjects for management

+ Implementation structure is the most important issue in the project and it should be required that FTBC
coordinate a schedule for dispatch of short term experts with KEFRI CPs. Some logistics matter such as
hotel booking and car arrangement can be coordinated by the project in accordance with a detailed plan.

+ The management of all sites, Melia seed orchards, Acacia seed stands and all progeny test sites, can be
conducted by a site manager as a head and some responsible CPs who observe all sites periodically. The
budget for the appropriate maintenance of the sites can be provided from the project, however, it must be
considered how to reduce the maintenance cost by KEFRI and FTBC.

* It was conveyed from a staff of JICA Kenya office that KEFRI was going to get the 2017 JICA Recognition
Award, which is to honor individuals or organizations for their long-standing contribution to JICA's activities

in Japan or overseas.

4. Contact persons
Mr. Hewson Kabugi, Director of Forest Conservation, Ministry of Environment and Natural Resources
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. Paul, Forester, KEFRI
Mr. Shinjiro Amameishi, JICA Kenya Office
Ms. Miharu Furukawa, JICA Kenya Office
Mr. John Gugi, Senior program officer, JICA Kenya Office
Mr. Kenichi Takano, Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
Ms. Naomi Matsue, Forestry Extension, CADEP
Mr. Shinji Ogawa, short term expert for Forestry Extension, CADEP
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Photo

Photo 1. Grafted seedlings for study on drought Photo 2.  Analysis and guidance of
tolerance (Mr. Muchiri, Dr. Gyokusen and Dr. Goto from photosynthesis (Mr. Muchiri and Dr. Goto)
Photo 3. Melia seed orchard in Tiva (taken at a tower) Photo 4. Edge trees of seed orchard

Photo 5. Melia Clone NO.40 in seed orchard
(7m height)
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Photo 6. Acacia seed stand in Tiva (4m height, Photo 7. Acacia seed stand (planted on Dec. 2015)

no need to support with pole)

FE8 HAYHI-AYTHREM

Photo 8. Acacia on nursery of Kitui center Photo 9.  Blossom of Acacia

(5 years old with blossom)
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Appendix 5-1-2

Report of short term expert (Project management)

Expertise Name Term
Project Management Mr. Shizuo Kamizore 25 Nov. ~ 8 Dec. 2017
1. ltinerary
Date Activity
25 Nov. (Sat.) Move to Haneda, Haneda to Doha
26 Nov. (Sun.) Arrival at Nairobi via Doha
Meeting with Japanese experts
27 Nov. (Mon.) ) ) )
Attendance at Project Management Unit meeting
Making presentation material for JCC meeting
28 Nov. (Tue.)
Meeting with KEFRI CPs
Move to Kibwezi
29 Nov. (Wed.) ] ) )
Observation of Melia seed orchard and progeny test sites (PTS)
Move to Kasigau
30 Nov. (Thu.) ) ) o
Observation of Melia PTS and move to Kitui
Observation of Melia seed orchard and PTS in Kitui
1 Dec. (Fri.)
Move to Marimanthi and observation of PTS, move to Nairobi
2 Dec. (Sat.) Making presentation material for JCC meeting
3 Dec. (Sun.) Making presentation material for JCC meeting
Meeting with Japanese experts
4 Dec. (Mon.) ) )
Meeting with KEFRI CPs
Attendance at JCC meeting
5 Dec. (Tue.) ) ]
Meeting with Japanese experts
Meeting with KEFRI CPs
6 Dec. (Wed.)
Move to Doha
7 Dec. (Thu.) Doha to Haneda
8 Dec. (Fri.) Move to Hitachi

2. Result of major activities

2.1 Project Management Unit (PMU) meeting

PMU meeting was held to exchange information of activities on each component, and the responsible
CP explained the activity over the one year. FTBC explained the work plan, in which all activities of
Component 4 (tree breeding) for 4 years were included, and breeding effect on Melia analyzed in the

former project. The breeding effect is important factor to explain the advance of Melia and it was

recommended that the effect is introduced in extension activities of Component 2.
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2.2 Joint Coordinating Committee (JCC) meeting

2" JCC meeting was held in Ministry of Environment and Natural Resources chaired by Mr. Gathaara,
conservation secretary of the ministry. The CP in charge of each component explained the activity of
previous year and a plan of the next year for each component. Dr. Muturi, who is a manager of
Component 4 (Tree Breeding), explained the activities on tree breeding for 4 years and results of the
former project based on the material that was introduced in PMU meeting from FTBC.

Amendment of the Project Design Matrix (PDM) concerned with Component 4 was proposed in
accordance with the new activities, which are focused on tree breeding research and do not involve
extension activities such as establishment of Melia local seed orchards and technical training for
seedling producers. This amendment was approved by the JCC members. it was mentioned that FTBC
would take technical supports for the local seed orchard or training course, if it would be needed.

Dr. Chagara, who is a manager of Component 5, proposed that a work shop should be held to
collaborate with each component efficiently. The work shop is planned to be possibly held on Jan. 2018

with all component managers.

2.3 Observation of sites
| observed all sites except sub-PTSs with a CP in charge of site management.
1) Kibwezi

+ Melia seed orchard
A few glass was remained on the ground of seed orchard since complete weeding was undertaken 2
weeks before. It could be considered to take more efficient measure for cost reduction, for example
line weeding or spot weeding near trees.

+ Melia PTS (DBH:8-10cm, H:4-6m planted on Dec.2014, DBH:10cm, H:4-7m planted on Dec. 2015)
Height growth of trees planted Dec. 2014 was slower than trees planted 2015. It could be caused by
the soil condition or structure, and soil analysis would be necessary to identify the reason.

+ Acacia seed stand (H:2-4m planted on Dec.2014, H:1-2.5m planted on Dec. 2015)

The growth was healthy to reach 4m height and some trees could stand independently with no
support of pole.
2) Kitui

* Melia seed orchard
Complete weeding was undertaken 2 weeks before as well as Kibwezi site.

- Melia PTS (DBH:10-12cm, H:6-8m planted on Dec.2014, DBH:8-10cm, H:5-7m planted on Dec. 2015)
A lot of trees planted on Dec. 2015 had been supported by poles to guard them from strong wind,
and it was not necessary so far for healthy growth of trees. There, however, were few trees that
roots were damaged by wind and fell down.

* Acacia seed stand (H:2-5m planted on Dec.2015, H:1-3m planted on Apr. 2016)

Growth of trees was better than Kibwezi and some trees could stand independently with no support
of pole. The difference of growth between trees planted 2014 and 2015 was quite big than expected,

and it could be caused by having one more in rainy season.
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3) Kasigau
+ Melia PTS (DBH:10-12cm, H:4-7m planted on Dec.2014, DBH:6-8cm, H:3-6m planted on Dec. 2015)
It was necessary for some trees to be supported by poles because of frequent strong wind from
southern mountain for one more year.
4) Marimanti
+ Melia PTS (DBH:10-18cm, H:7-8m planted on Dec.2014, DBH:6-10cm, H:4-7m planted on Dec. 2015)
Diameter growth was better, but height growth would be stopped on trees planted Dec. 2014.

Growth of tree planted on Dec. 2015 was healthy, and appropriate bud pruning was implemented.

3. Subjects for management

+ The maintenance cost 500,000 Ksh a month for Melia seed orchards, Acacia seed stands and PTSs have
been supported by the project budget. It is the most important matter to reduce the cost immediately,
in which security and weeding have occupied more than 50% of it. KEFRI has just started reducing the
weeding cost depending on line or spot weeding but a suitable and specified measure could not be
found so far. It is also needed to request strongly regular budget for the maintenance, especially
security, to KEFRI.

* In this Japanese fiscal year, short term experts in the field of breeding research and propagation will
be dispatched from FTBC and an expert of drought tolerance will be dispatched from Kyushu university
on Jan. 2018. FTBC is going to arrange the schedule with KEFRI CPs.

* The next JCC meeting is planned to be held on Jul. 2018 as usual. FTBC will dispatch short term experts,
project management, to attend the meeting and explain the results of tree breeding activities. Data

of PTSs assessment measured on Jan. 2018 will be analyzed as soon as the data will be prepared.

4. Contact persons
Mr. Gideon Gathaara, Conservation secretary, Ministry of Environment and Natural Resources
Mr. Hewson Kabugi, Director of Forest Conservation, MENR, manager of Component 1
Mr. Gordon Sigu, Senior researcher, MENR
Mr. Peter Nduati, Deputy director, Kenya Forest Service, manager of Component 2 and 3
Dr. Gabriel Muturi, Senior deputy director, KEFRI, manager of Component 4
Dr. Ebby Chagala-Odera, Deputy director, manager of Component 5
Mr. Jason Kariuki, Assistant Component manager of CADEP, KEFRI
Mr. Paul, Forester, KEFRI
Ms. Keiko Sano, representative of JICA Kenya Office
Ms. Yoko Okonogi, JICA Kenya Office
Mr. John Gugi, Senior program officer, JICA Kenya Office
Mr. Kenichi Takano, Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
Ms. Naomi Matsue, Forestry Extension, CADEP

Mr. Kazuhisa Kato, Executive director, Japan Overseas Forestry Consultants Association
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Photos

Photo 1. Project Management Unit meeting Photo 2. JCC meeting (Dr. Muturi explained tree

(Dr. Muturi as a chairman) breeding activities)

Photo 3. JCC meeting (Chairman Mr. Gathaara, Photo 4. Melia seed orchard in Kibwezi

Ms. Sano on the right of Mr. Gathaara) (weeded 2 weeks before)

BE8 HAIHI-A)TFEEK

Photo 5. Melia PTS in Kibwezi planted Dec. 2014 Photo 6. Melia PTS in Kibwezi planted on Dec.
(weeded on the left, not weeded on the right, not 2015
good for growth)
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Photo 7. Acacia seed stand in Kibwezi planted Photo 8. Acacia seed stand in Kibwezi

on Dec. 2015 planted on Apr.2016

Photo 9. Melia seed orchard in Tiva Photo 10. Melia seed orchard in Tiva

(taken from observation tower)

Photo 11. Melia PTS in Tiva planted on Photo 12. Melia PTS in Tiva planted on
Dec.2014 Dec.2015
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Photo 13. Fallen tree in Melia PTS of TIVA Photo 14. Acacia seed stand in Tiva planted

planted on Dec. 2015 on Dec. 2015

Photo 15. Acacia seed stand in Tiva planted Photo 16. Acacia seed stand in Tiva (taken from

on Apr. 2016 observation tower, front for 2015 planted, back for 2016)
Photo 17. Melia PTS in Kasigau planted on Photo 18. Melia PTS in Kasigau planted on

Dec. 2014 Dec.2015 (adjusting the stem by string)
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Photo 19. Melia PTS in Marimanthi planted Photo 20. Melia PTS in Marimanthi planted
on Dec. 2014 on Dec. 2015
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Appendix 5-1-3

Report of short term expert (Project Management)

Expertise Name Term
Project Management Dr. Masatoshi Ubukata 2018.7.14~7.21
Project Management Mr. Yutaka Kawashima 2018.7.14~7.21

1. ltinerary
Date Activity
14 Jul. (Sat.) Move to Haneda
Move to Dubai, arrival at Nairobi
15 Jul. (Sun.) . )
Meeting with Japanese experts
Meeting with KEFRI CPs
16 Jul. (Mon.) o
Move to Kitui
Observation of Melia Seed Orchard, PTS in Tiva and nursery in Kitui center
17 Jul. (Tue.) L
Move to Nairobi
Meeting with KEFRI CPs
18 Jul. (Wed.) )
Courtesy call to Director of KEFRI
Attendance at Joint Coordinating Committee (JCC) meeting
19 Jul. (Thu.) )
Move to Dubai
20 Jul. (Fri.) Move to Haneda
21 Jul. (Sat.) Move to Hitachi

2. Results of major activities
2.1 Meeting with Dr. Muturi, KEFRI Component 4 manager

The management of project sites, Melia seed orchard, progeny test sites and Acacia seed stand,
was discussed with Dr. Muturi. The management cost shard from JICA will be decreasing year by
year, and it was mentioned that KEFRI requested the financial department to budget 1.2 million
development fund that would be prepared for the project site management.

KEFRI has a management plan through Private-public Partnership as a collaboration with private
sector such as KOMAZA and Better Globe Forestry after the JICA project will finish. Traceability of
improved seed and seedling can be ensured in MOU and MOA, and it is possible to identify the
origin of Melia tree by DNA analysis using specific markers that the former project has already
developed.

According to Forest Management and Conservation Act 2016, KEFRI shall be responsible to
establish Melia local seed orchards which county government will request.

2.2 Observation of KEFRI Seed Centre
KEFRI Seed Centre has 3 branches in Kenya and is in charge of seed collection, extraction seeds,
quality control consisting of germination, purity and moisture control, and sales for 200 species. A
price of Melia seed is 4,500Ksh/kg for ordinary and 6,000 for improved seed. Melia improved seeds
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100kg was distributed to Better Globe Forestry last year for 200kg demand, and the demand from
local farmers is raising gradually. The income from sales must be paid to the national treasury, and
it seems that KEFRI is able to get no income directly through the sales.

2.3 Meeting with Dr. Ndufa, Director of KEFRI Dry-lands Eco region Research Centre Kitui

KEFRI has 5 Eco region Research Centers, and this Kitui center has established in 1986 originally.
It covers 9 counties and about 52% of total land of Kenya. Melia, Acacia and Termnalia have
advantages for plantation in this order.

Concerning private sectors for Melia seed production, KOMAZA could become not only a partner
but a competitor for a Melia improved seed producer when KOMAZA would establish an own Melia
seed orchard. Demand for Melia plantation in Kenya has grown over in recent years, so production
of quality Melia seeds is considered as a good business. KEFRI has a plan that some breeders will
be dispatched to establish a seed orchard with getting consultant fee from KOMAZA.

KEFRI has about 50 researchers in headquarters and Kitui Center has 14 researchers including
branches. The age group of 50’s has been in large number, which could cause to restrict new
employment.

Concerning security against project sites, 8 farmers have been employed for security to guard the
sites from nomads and other invaders by 500Ksh. a day. Dr. Ndufa has a plan that more strong-built
fences should be set to make security more efficient.

2.4 Observation of Tiva site

As for Melia seed orchard, 100kg of fruits were harvested in 2017 and 400kg (4000-4500 seeds
can be collected from 1kg fruit) harvesting is expected in 2018. Mr. Takano, chief advisor of CADEP,
explained that the matured fruits must be harvested before dropping and the height of Melia tree
grew too higher to harvest fruits. Concerning cost down of weeding, weed-killer cannot be
introduced because of negative influence to Melia fruits and some vegetation on agroforestry, and
bush cutter takes much maintenance fee. The cost of weeding is 80,080Ksh totally or 24,266Ksh/ha
a year.

As for Melia progeny test site, weeding is carried out after rainy season for prevention against pest
and disease, and the assessment of PTS. Mr. Takano explained that no bad influence to no weeding
in private Melia plantation on the same age. A forester suggested that thinning could be needed
because of piling of the crowns.

JICA mission team requested KEFRI to prepare counter budget for maintenance cost on project
sites and explained that activities on component 4 would be restricted in accordance with the
counter budget.

2.5 Attendance at Joint Coordinating Committee meeting

Ms. Susan Mochache, first secretary of the Ministry of Environment and Forestry, made an
opening address, which expressed that Kenya has respected Japanese sincere cooperation in the
field of forest and forestry. Ms. Sano, chief representative of JICA Kenya Office, expressed necessity
for Kenyan counter budget preparation to the project, and Ms. Kenmiya, head of JICA mission,
explained that internal evaluation on the project would be implemented on the next year and
requested preparation of the necessary budget to implement the project activities as an opening
address.
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Under being chaired by Mr. Kabugi, manager of CADEP, the result and plan on the activity of each
component was explained by each component manager. After discussion on the activities, Mr.
Takano explained change of the annual plan and it was consented with the JCC members.

3. Subjects for project management
Each activity of tree breeding on Compo.4 has been proceeded successfully through cooperation with
KEFRI CPs. It was also confirmed that compo.4 should provide technical supports for construction of
local seed orchards and the establishment of regulations on distribution of improved seeds through
advices from FTBC.
FTBC was requested from JICA mission team as follows;
-Cost sharing by KEFRI on management of project sites shall be clarified, and measures for reduction
of the cost shall be made in the interim evaluation.
‘The plan of second generation development on Melia after termination of the project shall be
established in the end of project term.
Short term experts shall be dispatched with appropriate term to implement all activities of Compo.4
efficiently and effectively.
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Photo

KEFRI Seed Centre Greenhouse in KEFRI Seed Centre
Room for seed quality control in Seed centre Seed storage room in Seed centre
Inside of laboratory in KEFRI Experiment instruments in KEFRI
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Melia seed orchard in Tiva (explained by Dr. Melia seed orchard in Tiva

Ndufa, Director of Kitui reginal centre)

Flowring of Melia (Tiva seed orchard) Fruits of Melia (Tiva seed orchard)

Progeny test site for Melia in Tiva Artificial crossing test in Melia seed orchard
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Acacia seed stand/Progeny test site Wire mesh fence aound the site

3" Joint Coordinating Committie (JCC) Meeting Dr. Ndufa, Director of KEFRI Kitui reginal station
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Appendix 5-1-4

Project Management

Field Name Term
Project Management Mr. Shizuo Kamizore 2018.11.20~11.29
1. Schedule
Date Contents Stay
20 Nov. (Tue.) Move (Hitachi to Haneda)
Move (Haneda - Doha - Nairobi)
21 Nov. (Wed.) Kitui
Move to Kitui
Study on Melia cutting (Collecting scions and
22 Nov. (Thu.) ) Kitui
treating)
Study on Melia cutting (Cutting and putting cutting
23 Nov. (Fri.) Kitui
pots)
AM | Study on Melia cutting (Checking cutting pot in a
greenhouse)
24 Nov. (Sat.) Nairobi

Observation of Melia seed orchard and Acacia seed

PM | stand, Move to Nairobi

25 Nov. (Sun.) Documentation Nairobi

AM | Meeting with CPs in KEFRI
26 Nov. (Mon.) ) ) Nairobi
PM Meeting with CADEP Japanese experts

27 Nov. {Tue] AM | Meeting with CADEP Japanese experts
ov. (Tue
PM | Move to airport, Move (Nairobi - Doha)

28 Nov. (Wed.) Move (Doha - Haneda) Haneda

29 Nov. (Thu.) Move (Haneda - Hitachi)

2. Results of major activities
2.1 Study on Melia cutting
It was found that no callus formation and rooting for Melia cutting study on Apr. 2018 was
unfortunately confirmed. The result could be caused by low temperature on long time rainy
season and so on. In this time, we conducted the cutting study using new green branches in seed
orchard and new sprouts from PTS as scions, which has been used for Japanese Melia cutting
study and succeeded with rooting (refer to Attachment).
New branches that has grown well for 4 clones in seed orchard were collected, and also new

sprouts for 5 trees in Tiva PTS were collected. The branches were adjusted to scions by CPs in
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the laboratory of Kitui centre. The CPs have already taken the cutting skill, which consists of
preparation of study, collection of appropriate scions, adjusting and so on. It is confirmed that
the skill of technical staff of KEFRI has been improved gradually as well as KEFRI researchers.

The scions were adjusted to 50cm length with 2 to 3 leaves, and then soaked in running water
one night to recover the vitalities. The recovery was better than the cutting study conducted on
Apr.

Instead of seedling plastic bags, long plastic pots carried from Japan were introduced for cutting
pots. A small greenhouse was newly constructed with plastic sheet cover in the nursery to put
the cutting pots. The greenhouse was covered with shade net to avoid high temperature inside.
Watering at morning, evening and several times on daytime to keep appropriate temperature,

less than 40 degree inside was confirmed.

2.2 Melia seed orchard in Tiva
Weeding of the seed orchard has not been carried out, and much shrubs and bushes have grown
thick under the canopies of Melia. This may cause the decline of efficient fruits collection, so Mr.
Luvanda, the new director of Kitui centre, requests KEFRI HQs to purchase bush cutters with
engine to reduce the maintenance cost of the orchard. FTBC also explained that weeding time

should be considered for carrying out it efficiently.

2.3 Acacia seed stand/PTS
The growth of Acacia planted Dec. 2015 is much better than that planted Apr. 2016 through one
growing period of rainy season on Dec. It was found that the growth was different from planted
areas, and it may be caused by soil condition because inferior trees have grown in specific area
rather than the family. Superior Acacia can grow with DBH:8cm and Height :4m, and the stem can

grow up straightly. It is necessary to consider when and how the thinning will be carried out.

3. Meeting with KEFRI/CPs

| explained the details of study on Melia cutting in Kitui to Dr. Muturi and Mr. Kariuki. | also
explained the study on Japanese Melia cutting in FTBC, which succeeded with rooting through
using Kanuma soil. | requested them to seek the same kind of soil for Kanuma, which has slightly
acidity. Dr. Muturi mentioned that formation of callus and no rooting on Melia cutting study has
been reported, and this study could be reported to a journal concerned if it will be successful.

Concerning KEFRI budget for maintenance of Melia seed orchard, CADEP project budget from
national treasury of Kenya has not been disperse to KEFRI, so CPs bear travel allowance by
themselves. Dr. Muturi expressed that KEFRI could prepare the maintenance budget on the next

Japanese fiscal year 2019.
4. Meeting with Japanese experts

Mr. Takahata, Chief advisor of CADEP, explained that KEFRI would be responsible to disperse

monthly labor fees for maintenance of sites from next Japanese fiscal year due to a request

76



from JICA Kenya office. An officer in charge of accountant in JICA Kenya office will explain the
change to KEFRI. So far, a CP has taken monitoring of all sites including PTSs while dispersing
the labor fees in the sites. The monitoring of all sites should be continued to check the situation
of the sites, which includes unordinary growth, pest and disease, soil condition and so on.

Concerning a required term of tree breeding on Melia, | explained that a half of logging term,
which means 7 — 8 years on Melia, or 15 years until harvesting as possible, should be prepared
for selecting superior clones exactly by PTS assessment, according to a question from Mr. Saito,
an expert of forestry extension. | mentioned that FTBC can take technical supports for

establishment of Melia local seed orchards that are planned by private sectors such as KOMAZA.

5. Subjects
» Assignment of Director General KEFRI and exchange of director of Kitui regional centre
Director General of KEFRI has not been assigned and Dr. Jane Njugura has been an acting DG.
Dr. Ndufa moved to KEFRI HQs from Director of Kitui regional centre, and Mr. Luvanda was
assigned as a new DG of Kitui centre. He arranged properly attendance of CPs concerned for
the field study for Melia cutting.
» Mid-term review of CADEP project
FTBC will dispatch 2 short term experts for mid-term review of CADEP project, which is
planned on middle of Feb. 2019, to discuss with JICA mission member, CPs and experts on

the review of project activities and so on.

6. Contact persons
Dr. Muturi, Manager of Component 4, KEFRI
Mr. Kariuki, Tree breeding researcher, KEFRI
Mr. Luvanda, Director, KEFRI Kitui regional station
Mr. Auka, Staff, KEFRI Kitui regional station
Mr. Kyalo, Staff, KEFRI Kitui regional station
Ms. Floza, Staff, KEFRI Kitui regional station
Mr. Keiichi Takahata, Chief Advisor, CADEP
Mr. Katsuro Saito, Forestry Extension, CADEP
Ms. Yuki Honjyo, Regional Cooperation/Coordinator, CADEP
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Photo

Photo 1 Collection of scions from new Photo 2 Collection of scions from new
branch in Melia seed orchard flash in Melia PTS
Photo 3 Adjusting scions for cutting by CP Phot 4 Scions after adjusting for cutting

(wilted leaves)

Photo 5 Scions soaking in running water for Photo 6 Cutting measure

1 night (leaves of scions recovered)

78



Photo 7 Watering to cutting pots Photo 8 Small greenhouse covered with

plastic sheet and shade net

Photo 9 Inside of greenhouse covered Photo 10 Melia seed orchard (Low

with plastic sheet and shade net understory vegetation, Tiva)

Photo 11 Melia seed orchard (Low Photo 12 Acacia seed stand (Left: planted

understory vegetation, Tiva) Dec. 2015, Right; planted Apr. 2016, Tiva)
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Attachment
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Appendix 5-1-5

Project Management

Field Name Term
Project Management Dr. Masatoshi Ubukata 13 - 24 Feb 2019
Project Management Mr. Shizuo Kamizore 13 - 24 Feb 2019
1. Schedule
Date Contents Stay
13 Feb. (Wed.) Move (Hitachi — Haneda)
14 Feb. (Thu.) Move (Haneda — Doha — Nairobi) Nairobi
15 Feb. (Fri.) AM | Documentation Nairobi
PM | Meeting with experts
16 Feb. (Sat.) AM | Documentation Nairobi
PM | Meeting with JICA team and experts
(Dr. Ubukata arrived)
17 Feb. (Sun.) Documentation Nairobi

18 Feb. (Mon.) | AM | Meeting with JICA team, Discussion with CP and JICA | Nairobi
team (KEFRI)
PM | Meeting with CP (KEFRI)

19 Feb. (Tue.) AM | Meeting with JICA team Nairobi

PM | Documentation

20 Feb. (Wed.) | AM | Review discussion with JICA and Kenyan review team | Nairobi

PM | Meeting with KOMAZA

21 Feb. (Thu.) AM | Joint Coordinating Committee (JCC)

PM | Move to Kitui Kitu
22 Feb. (Fri.) Investigation of Melia seed orchard, Melia PTS, and
Acacia seed stand, Melia cutting study
Move to Nairobi airport, move (Nairobi — Doha)
23 Feb. (Sat.) Move (Doha — Haneda) Haneda

24 Feb. (Sun.) Move (Haneda — Hitachi)

2. Results of major activities
2.1 Midterm review of the project
> Discussion on evaluation of component 4 with JICA team
Discussion on activities of component 4 and midterm review of the achievement was held

with JICA team, Dr. Muanza as a KEFRI reviewer, CPs concerned and Japanese experts in KEFRI.
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Dr. Muturi, component manager, explained the results of tree breeding activities in CADEP,
which were composed of selection of superior clones based on PTS assessment, acquiring data
analysis technique, fruit production by artificial crossing and management of Acacia seed
stand and so on. The activities and achievement so far were highly evaluated by the review
team. Dr. Muturi also explained that project budget to KEFRI would be distributed from the
national treasury, and income from selling improved Melia seeds would be allocated for the
maintenance of the seed orchards and PTSs.

» Meeting with CPs in KEFRI

A meeting with CPs, Dr. Muturi. Dr. Ndufa and Mr. Kariuki, was held in KEFRI. Personal
transfer of CPs was talked about, and it was confirmed that this matter would have a risk to
achieve the project purpose and would be mentioned to the review team.
> Discussion on a report of midterm review

Discussion on a report of midterm review was held among all member concerned in Ministry
of Environment and Forestry. Few particular opinions were expressed to the report.

2.2 Joint Coordinating Committee (JCC) meeting
4t JCC meeting was held in the Ministry chaired by Mr. Gathaara, Conservation Secretary of
the Ministry, with the participation of Kenyan reviewers, JICA team, CPs concerned, a secretary
of Japanese embassy, a deputy representative of JICA Kenya office and Japanese experts.
JICA team explained the outline of review report. Concerning component 4 in the report, the
following achievements were evaluated; selection of superior Melia trees, fruits production by
Melia artificial crossing and strengthening research ability for basic statistical data analysis,
cutting techniques, pollen collection and artificial pollinating technique. On challenges in the
report, serious risks of CPs transfers in the project duration, recruit of young researches for tree
breeding and preparation of budget for maintenance of seed orchard and PTSs for the
sustainable management. On recommendations, allocation of income by selling Melia for
maintaining seed orchards and PTs was described.
Then, activities and achievements of all component were presented from each component
manager. Dr. Muturi presented the outline.

2.3 Observation of Melia seed orchard in Tiva
We observed Melia seed orchard in Tiva. Much bushes and weeds were found inside, because
weeding had been suspended from last year. Introduction of bush cutters with engine for
weeding is considered, and 2 times of weeding a year must be needed to keep suitable
condition of seed orchard.

2.4 Observation of Melia PTS in Tiva
The growth of Melia trees in PTS was going well with DBH:12 — 14cm, height:8m. it was found
that the height growth would become moderate and the diameter growth is advancing gradually.
Weeds on the ground was a few due to a regular weeding for assessment.

2.5 Observation of Acacia seed stand/PTS
Acacia trees with superior growth in seed stand was growing to DBH:10cm and height:6m, and

the stem of tree was standing straightly. The growth of Acacia is much better than expected, so
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thinning should be considered for appropriate management.
2.6 Study on Melia cutting

No formulation of callus and rooting in all scions were found in Melia cutting experiment
conducted in Nov. 2018. Scions from new sprout, which could succeed in rooting 3 years ago,
were used for cutting this time, however, no rooting on the scions was found. It is considered
that higher temperature more than 50-dergree, which was confirmed on a thermometer
installed in the greenhouse, was one of the causes for no rooting. The condition of scions had
been recovered vigorously after soaking running water for one night as well as that of Japanese
Melia in cutting study, and the scions was not considered as the cause. Control of cutting bed

condition should be examined to keep suitable temperature and moisture for cutting.

3. Subjects
» Diffusion in the achievements of tree breeding activities
The achievements of tree breeding activities on CADEP are highly evaluated, and diffusion in
the information, especially in Japan, is required from JICA team through indicating numerical
results. Increase of growth on Melia as the result of breeding, for example, can be presented
from the data analysis of PTS assessment on a trait table of the Melia plus trees.
» Meeting with KOMAZA
It was confirmed that KOMAZA had a plan to establish a local Melia seed orchard in a
meeting with Mr. Kumahira, senior manager of KOMAZA. A MoU between KEFRI and KOMAZA
has been under consideration to proceed cooperation with a private sector for extension of
improved Melia. FTBC takes technical supports such as selection of suitable clones and design

of a seed orchard through KEFRI to establish a Melia clonal seed orchard.

4. Contact persons
Mr. Gathaara, Conservation Secretary, Ministry of Environment and Forestry
Dr. Cheboibo, Deputy director, KEFRI
Dr. Muturi, Component manager, KEFRI
Dr. Ndufa, Senior researcher, KEFRI
Mr. Kariuki, Tree breeding, KEFRI
Mr. Paul, Tree Breeding, KEFRI
Ms. Floza, Technical officer, Kitui regional centre of KEFRI
Mr. Tomonobu Kumahira, Senior manager, KOMAZA
Ms. Yui Takashima, Secretary, Embassy of Japan in Kenya
Mr. Keiji Yamazaki, Executive technical advisor, Global environment department, JICA
Ms. Mari Miura, Senior deputy director, Global environment department, JICA
Mr. Shinjirou Amameishi, Deputy representative, JICA Kenya office
Ms. Yoko Okonogi, Project formulation advisor, JICA Kenya Office
Mr. Keiichi Takahata, Chief Advisor, CADEP
Mr. Katsuro Saito, Forestry Extension, CADEP
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Photo

Ms. Yuki Honjyo, Regional Cooperation/Coordinator, CADEP

Photo 1 Meeting in Ministry of environment Photo 2 JCC Meeting in the Ministry
and forestry (chaired by Mr. Gathaara, conservation

secretary of the Ministry

Photo 3 Melia seed orchard in Tiva

Photo 5 Acacia seed stand/PTS
(planted Dec. 2015)

Photo 4 Melia PTS (planted Dec. 2015)

Photo 6 Study on Melia cutting
(conducted on Nov. 2018)
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Appendix 5-1-6

Report of short term expert (Project management)

Expertise Name Term
Project Management Mr. Hidetaka Ichikawa 15~25 May. 2019
Project Management Mr. Taiki Kobayashi 15~25 May. 2019
Project Management Mr. Shizuo Kamizore 15~25 May. 2019
1. ltinerary
Date Activity

15 May. (Wed.) | Hitachito Haneda, move to Doha

16 May. (Thu.) | Arrival at Nairobi

Meeting with Japanese experts

Meeting with KEFRI CP, Courtesy call to DG of KEFRI
18 May. (Sat.) | Making report

17 May. (Fri.)

19 May. (Sun.) | Move to Kilifi

Observation of KOMAZA nursery, meeting with their Staffs
Observation of Voi sub PTS

Observation of Casigau PTS/ASS, Kibwezi PTS/ASS

Move to Kitui

Meeting with KEFRI Kitui Centre CP.

22 May. (Wed.) | Observation of nursery, seed orchard, PTS/ASS in Tiva

Move to Nairobi

20 May.(Mon.)

21 May. (Tue.)

Attending the 8" Program Management Unit meeting
23 May. (Thu)
Move to Doha

24 May. (Fri.) Doha to Haneda

25 May. (Sat.) | Haneda to Hitachi

2. Result of major activities
2.1 Working plan of Component 4 (Tree breeding)
»  Meeting with JICA and JICA experts
In the morning 17th of May, at JICA Kenya office we explained JICA officer and CADEP experts about this
year’s annual work plan. They asked that the proceeding of the project should be explained them on every
business trip as possible, and stressed that necessity of making brief explanation tool for stakeholders. We
also stated the purpose of this business trip including requesting sending periodical monitoring report to
KEFRI.
» Meeting with CP (Photo1)
In the afternoon of the day, we visited KEFRI head quarter and discussed about the project with

Mr.Kariuki, Assistant Component manager of CADEP (Dr. Muturi, Component manager of CADEP, was
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absent).

Then we confirmed that recent assessment of PTSs(Jan-Feb,2019) are yet to be done by KEFRI at present
due to lack of funding, and they decided to skip this time assessment, are going to do so on next July.
Regarding personal transfer, Dr.Cheboiwo promoted as Director of KEFRI, Mr.Kariuki’s transfer was officially
canceled. We also confirmed current proceeding of considering MOU with KOMAZA that already legally
confirmed by JICA office, final checking is underway in KEFRI.

In the afternoon of 22nd of May, we had a meeting with KEFRI kitui centre. We discussed about PTSs
monitoring report, which had sent by Mr.Paul. Mr.Lvanda(KEFRI) agreed to send a report around once in

two months.

2.2 8th Project management unit meeting(PMU) (Photo2)
In the morning of 23rd May, 8th Project management unit meeting was held at NHIF building hosted by Mr.
Gordon from MOoEF, attendance with CP, Japanese embassy, JICA Kenya office and Japanese experts. The
important discussion points were following;
After discussion for the past minutes of meeting, future work plan after the mid-term review have been
explained by the representatives of each component. MrTakahata, chief advisor of CADEP, suggested that
we would have to prepare the documents for policy briefing, and requested attendees to discuss what is
the definition of PB, how much the elements should be covered. Upon the request, attendees expressed
various views such as not only good practice, but also failure and learning from the projects should be
included in the documents. After that, each component shall prepare the PB documents within an activity
of PDM.
Mr.Peter Ngugi(C2:KFS) pointed out that 2.5.4 Conduct basic market research on products of Melia volkensii,
2.5.5 Prepare strategy to promote Melia volkensii plantation in ASALs should be conducted in cooperation
with KEFRI. With Dr.Muturi(KEFRI)’s consent, PO would be amended.
Reflecting on MTR, Dr.Muturi(C4:KEFRI) explained that KEFRI would try to hire younger researchers,
decided to cancel Mr.Kariuki’s transefer to Kitui centre to avoid being repercussion to the project. He also
stated that MoEF decided to allocate its budget 16mKsh each KEFRI and KFS tomorrow or within a week as
a result of meeting with CFO.
As a matter of other agenda, collaboration with other components was intensively discussed, CADEP
decided to hold the 2nd interaction workshop in late July. Each components designated contact person,
they would follow and discuss about the agenda and details of the workshop, at the same time confirmed
not to hold next JCC until next year.

2.3 KOMAZA (Photo3,4)
»  Site visit
On 20th May, we visited to Komaza nursery, their planting site in Kilifi county.
In the nursery, they hired 27 persons as permanent, shipped 50,000 plants/year (planning 70,000/next
year). Also told me that it takes much cost on procuring water and sands for culture medium.
Two planting site to which we visited was local famer’s field. Most trees were pruning but some were

bending, its traits were not so good as well. Planting space was 5x5m square that is narrow compared to
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BGF(there were 7x7m). Livestock are grazing in the meantime of growing. According to Mr.Charles who in
charge of nursery, he wanted to space wider, to build seed orchards. He also explained that tree growth
rate is varying by region, KEFRI had assessed had the data but not disclosed, so he exchanges the
information with BGF counterparts.
After that, we visited to KOMAZA head quarter in the city of Kilifi. The management team explained about
their past and future activities. Mr.Kumabhira, senior manager, emphasized that they have a plan to expand
its business from coastal area to inland Kenya, therefore they would cooperate with KEFRI to secure
sustainable seed access.
KOMAZA has a wood preservative treatment facility in Kilifi. Harvested eucarypse trees are classified by
diameter and treated by the CCA treatment machine, which was imported from South Africa. The CCA
treated logs shipped for fences of meadows.lIt brings hundreds mKsh revenue per year. They also have a
plan to produce charcoal.
> About KOMAZA
KOMAZA established in 2007, built nursery in 2008, intensively planted 2010-2012. After that, the area of
planting were decreasing because they had apply themselves to take care of existing planting sites. In 2017,
reformed its structure and resume planting activities, last year planted in Kwale County for the first time.
Until now around 6,200 farmers joined the project, planted area is 15 thousand ha. Regarding planting
species, most of them were Eucaryps in early days, however, later Melia increased to half of the planted
area. As of 2019, KOMAZA occupy around half of annual afforestation/reforestation area in Kenya.
For facilitating the project, KOMAZA organized Field Extension Network as one of the restructuring plan in
2017. FEN consists of a Field manager (15 in total), 3 Field Officers (45) and 6 Facilitators (230). Each
facilitator shall take charge of 20 to 30 capita. Activity is planned yearly, weekly and daily basis. The degree
of achievement reflected on the map of their network system by color. If someone did not meet the target,
the staff would try to improve by instruction.
(Q&A)
Q: Melia trees harvesting are yet to begin for now. How would you earn profit from Melia wood?
A: That is one of the main problem for the project. We would try to establish the value chain by 2025 when
the harvesting is beginning. We also wish to own our sawn mill to add its value.
Q: In Japan, plants are sometimes withered and not well growing by some reasons.

How to extent plant survival/mortality rate in KOMAZA sites?
A: We decided to planting area on which based precipitation data and soil maps etc., so overall result is

generally good. However, some of them were extremely bad for unknown reason.

2.4 Kasigau PTS (Photo5)
Kasigau PTS is theleast growth site among the three sites we visited this time in spite of higher precipitation
than other sites. The cause is considered that quality of soil or cloning plant’s applicability to the land etc., in

any case, further assessment should be undertaken. Weeding itself has well done.

2.5 Voi Sub-PTS(Photo6)

The site was establish in 2015, better access to the main road between Nairobi and Monbasa. That makes
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the site management and Melia growth better.

2.6 Kibwezi PTS, ,seed orchard(Photo7)
PTS is almost better growing, in seed orchard, however, a few trees are fell onto the ground with fruits that
seems to be happen recently. That is considered that its growth are disproportionally too fast to cut branch,
center of gravity is moved upper, then roots could not support its whole body of tree. Also having a

problem in roots stock development with some reason.

2.7 Tiva PTS, seed orchard, nursery(Photo8)
The growth of Melia trees in PTS was going well with DBH:12 — 14cm, height:8m. it was found that the
height growth would become moderate and the diameter growth is advancing gradually. Weeds on the
ground was a few due to a regular weeding for assessment.
We observed Melia seed orchard in Tiva. Much bushes and weeds were found inside, because weeding
had been suspended from last year. Introduction of bush cutters with engine for weeding is considered,
and 2 times of weeding a year must be needed to keep suitable condition of seed orchard.
Acacia trees with superior growth in seed stand was growing to DBH:10cm and height:6m, and the stem of
tree was standing straightly. The growth of Acacia is much better than expected, so thinning should be
considered for appropriate management.
The nursery in Tiva was not so much used for Melia plant production compared to their capacity because of
soil microbe. Nevertheless, KEFRI has a plan to build watering facility to revitalize the facility.
We also observed Melia planting site near PTS site where implemented by the past JICA social forestry

project. We assumed that no human intervene has been there for 17 years.

3. Subjects for management
- We need to check the periodical PTSs/ASS monitoring report from KEFRI as discussed in this business trip.
+ By the time of 2nd Interaction workshop to be held in late June, we will have to summarize what to do

with other component (especially C2). In parallel, we need to prepare the documents for policy briefing.

4. Contact persons
Dr. Joshua Cheboiwo, Director, KEFRI
Dr. Gabriel Muturi, Component manager of CADEP, KEFRI
Mr. Albert Luvanda, Deputy Regional Director of KEFRI Kitui regional station, KEFRI
Mr. Jason Kariuki, Assistant Component manager of CADEP, KEFRI
Mr. Samuel Auka, Forester, KEFRI
Ms. Mari Miura, Senior Deputy Director, Global Environment Department, JICA
M. Shinjiro Amameishi, JICA Kenya Office
Ms. Yoko Okonogi, JICA Kenya Office
Mr. Keiichi Takahata, Chief Advisor, CADEP
Mr. Katsuro Saito, Deputy Chief Advisor/Forestry Extension, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
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Photos

Photol Meeting with KEFRI CP Photo2 Project Management Unit Meeting

(Hosted by Mr. Gordon, C1 manager)

Photo3 KOMAZA nursery (Ganze Kilifi)

Melia seedlings (covered by shade net)
Germination room (1,500~2,500 plants/box. frequent

sterilizing and exchanging sand in the room)

Wood frame for counting plants (9x5) Tanks for watering (tap water, it costs 2,000USD per
month)
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Photo4 Ganze district plant farming
Melia (1Acre). Eucalyptus (3/4Acre) per capita, sprouted by 4m height

Melia (planted 2016, pruned on 6m height) Eucalyptus plantation (planted in 2014, 2015)

Wood preservative treatment facility
Melia (planted in 2016, 4m height)

KOMAZA head quarter (Mr.Kumahira, center)
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Photo 5 VoiSub-PTS
small scale, but well managed

Photo6 2019/05/21 Kasigau PTS

With security person

Rope and wire were bitten by the tree Trench for drainage (to process ground water in rainy season)
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Photo 7 Kibwezi PTS. ASS

Melia seed orchard Fallen Melia tree

Acacia seed standing

Melia PTS
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Melia seed orchard from the watch tower Acacia(near). Melia PTS (far)

Photo 8 2019/5/22 Tiva PTS, ASS
There were many weeds and bushes in Melia seed orchard. KEFRI has a plan to purchase a brush cutter for weeding.

Entrance gate Melia seed orchard (many weeds and bushes)

Melia seed orchard in Tiva Acacia seed standing
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Acacia seed standing Tiva Melia PTS

Melia PTS (Planted in 2015(left). 2014(right) pruned by 4m height

Melia PTS(View from watch tower) Acacia seed standing(from the watch tower)
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Appendix 5-1-7

Report of short term expert (Project management)

1.

2

2.

Expertise Name Term
Project management Dr. Masatoshi Ubukata 20-26 Jul.2019
Project management Mr. Hidetaka Ichikawa 20-26 Jul.2019
Itinerary
Date Activity
20 Jul.(Sat) Hitachi to Narita, move to Doha
21 Jul.(Sun) Arrive at Nairobi

Move to Embu

22 Jul.(Mon) Sites observation(FFS, BGF)

Attendance to CADEP component interaction workshop

23 Jul.(Tue) ) ] ]

Sites observation(Tiva Seed Orchard, PTS, ASS)

Sites observation(Kituku Farm, Kibwezi Seed Orchard, PTS, ASS)
24 Jul.(Wed) —

Move to Nairobi

Meeting for component 2 and 4 in KEFRI HQ
25 Jul.(Thu) Courtesy call to JICA representative in Kenya

Move to Doha

. Move to Narita

26 Jul.(Fri)

Move to Hitachi

. Results of major activities

1 CADEP component interaction workshop

The short term experts from FTBC attended to the 2" CADEP component interaction workshop,
in order to deepen cooperation and to make synergy between each components of CADEP project,
was held on 23" July, Kitui.
At first, the representatives from each component presented their recent progress for the project.
Mr.Kariuki from KEFRI explained about the activities of Component 4, which includes tree
breeding for Melia volkensii and Acasia tortiriss from previous project. FTBC compiled a
presentation documents file, and sent to CP(KEFRI), upon that KEFRI added another information
such as back ground, etc..

In the wrap up, all attendees participated the general discussion regarding the following themes;
“1. Aside from the Project activities, what should we go to achieve the Overall Goal? "and “2. How
can we improve Project implementation mechanism”We were able to have an active exchange of
opinions as follows.

In the first theme, we should promote other tree species such as neem to ensure biodiversity.
A farmer, who lives in the suburb of Nairobi and planted Moringa, has a sawn mill. Moringa has
a lot of potential to develop regional economy. On the other one, various kind of documents in
the project should be translated into Swahili because it is rather prevail than English in Kenya. In
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terms of sharing the good practice in Component 5, we should do so not only good ones but also
past failure examples for case study, County governments have not enough capacity to promote
the activities in Component 2.

2. 2 Observation of Farmers field school(FFS) activities site
All participants from each components divided into 2 groups, they observed Farmers field

school activities in Embu county by Component 2. In general, FFS forms 20 to 30 villagers into a
study group, they gather once a week at testing farm filed, check the growth of crops, livestock
and trees, and learn about the common problem.
Such approach, which is originally developed by FAQ, is already applied and adopted to many
technical cooperate projects

There were around 20 improved Melia which was planted November last year. The groups
regularly check the growth of Melia a month (a week for crops). Some of them were already
withered, so they had to present no growth at the moment. It is assumed that problem might be
caused by the following reasons;
1. KFS just hand over the seedlings, not instructed to plant on site.
2. Just a small number of the seedlings has been planted, so they could not replanting even if the
survival rate is relatively low.
3. Little precipitation shortly after the planting, in the first half of the year.

2. 3 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. 5,000 farmers have contracted with BGF for Melia plantation
(only this year they will acquire another 2,600 farmers) , 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. They produce around 500 thousand seedlings a year. BGF
already purchased improved Melia seeds from KEFRI two years ago, they are keen to establish
Melia seed orchard to get high quality seeds, and also Melia clone propagation. It is quite
important that Continuous support and collaboration with the experts from component 2, 4.

2. 4 Kituku Farm
Kituku Farm in Kibwezi, which is established by Mr.Jonathan Kituku, have 300 acre land. He runs
a mixed management with hay, dairy farming and horticulture in addition to Melia planting, seed
and seedling production that makes him a leading farmer in Makueni county.
He started Melia planting in 2005 with a help from KEFRI, planted 170 thousand trees in 2008.
The spacing of plantation is 4 by 4m (he recommends 5 by 5m), glass is also planting under the
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trees. Hay is selling 300Ksh per cube, glass seed is 1,500Ks/kg.

The price of Melia seed(local) is 7,000Ksh/kg, seedling is 50Ksh per unit. Melia nursery was
established in 2009, he boasted the sprouting rate is quite higher than usual.

Regarding horticulture, planting mango trees was started in 2009, the net income from mango
fruits accounts a considerable share of their finance. Last year, they produced mango 9 thousand
kg, sold 15Ksh/kg, some of them were exported to China.

They are well known for their portfolio management which mixed long(Melia), middle(Dairy,
Horticulture) and short term(Hay) production for cash income enable to realize stable
management, that is introduced as a good practice to inside and outside from Kenya. Upon the
reputation, government officials across the African continent visit to the farmland in the course of
training program by international organization such as UNDP and FAOQ, an agricultural minister as
well.

Melia growth in the plantation is not as good as improved Melia, it might be a better option
that KEFRI optimize the Kituku nursery to expand its capacity of producing seeds and seedlings.

2. 5 Site observation of Tiva, Kibwezi Seed Orchard, PTS, ASS

The workshop participants went to see both Tiva and Kibwezi site. Melia seed orchard in Tiva
was at a stake of maintain the condition due to lack of funding, fortunately, weeded properly in
this time. We imagined that KEFRI got a long-awaiting funding from MoFE to facilitate the project.

Melia PTS is well growth as ever, we found that some trees already have a flower and fruits. In
Acasia seed stand, most of trees were standing by themselves, the growth difference among the
trees is becoming significant.

Kibwezi is well managed at seed orchard, PTS and ASS as well as in Tiva although you do not need
frequently weeding because of low understory vegetation by little precipitation. Some fallen trees
we have seen in May was left as it is.

Those trees are less growth than Tiva but better when it comes to seed production,
rather lasting effect of tree designing by cutting and brunch pruning.
So it is assumed that Kibwezi has a good soil condition for Melia seed orchard.

2. 6 Meeting for discussing about collaboration between Components 2 & 4
A joint meeting for how to facilitate the collaboration between Component 2 and 4 was held at
KEFRI HQ on 25™ July (Dr.Muturi (KEFRI, chair of the meeting), Mr.Nduati(KFS), Mr.Saito(CADEP),
Dr.Ubukata(FTBC) and some experts from each component attended.). KEFRI also have a plan to
hold a internal meeting at Kitui centre with Dr.Miyashita (FTBC) and Mr.Saito on August 2nd. Main
agenda and discussion points were following;

® Improve accessibility to seeds and seedlings of improved Melia volkensii

KEFRI has a goal to expand its capacity of seedling production to one million per year. However,
current production is still lower than expected (around 300 thousand). Therefore, both
component discussed about of possibility for optimizing KFS and Kituku Farm nursery, they
would designate one or two officer from KEFRI and KFS to check these facility’s state and
capacity. Also, they exchanged the view about the option for establishing demonstration site so
that people easily understand the growth difference between improved and indigenous Melia
in order to promote improved Melia to public and private sector.
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® Conduct basic market research on products of Melia volkensii
They will share the information about farmers from which both KEFRI and KFS have, will
estimate the demand for Melia seed and seedling. At first KEFRI officer who in charge of social
economic will make work plan, then KEFRI and KFS would discuss and decide how to carry out
the plan.

® Proper silvicultural treatment of Melia volkensii
As for poor growth, it mentioned in 3.2, KEFRI expressed the views ;

They assumed that proper line seedlings might not be provided to adopt the soil of the region,
ex, they found the fact that Voi-native one shows better growth in Marimanti, so would like to
grasp the detail of seedlings condition. In terms of disseminating to farmers, Melia seminar was
held, however, on-site instruction was not conducted. So presumably it was not better way of
planting. KEFRI is developing Melia technical note for farmers, they hope the KFS would
encourage FFS farmers to refer that.

® Update and way forward of MOU with KOMAZA
We understood that MOU would be signed soon as of May this year. In the meeting, however,
Dr.Muturi explained that the detail of work plan is still under consideration, KEFRI would like to
sign as a form of MOA (Memorandum of Agreement), MOU is just a general framework, MOA
covers MOU article. The date of signing is still unclear, KEFRI wish to sign “MOA” with KOMAZA
as earlier.

Subjects
(OMaintenance of Gas exchange equipment(Li-6400)

The condition of gas exchange measuring apparatus (Li-6400; manufactured by Licor), which
was equipped in KEFRI Kitui Centre 2014 by grant aid of GOJ, was checked with Mr.Muchiri
(KEFRI Kibwezi sub-region centre). No abnormality was found, but he claimed that he did not
bring it to seed orchard to measure the photosynthetic activities of trees because its battery
had a little energy. Therefore, we should consider to replace the battery in time for using by
Drought Tolerance assessment team.

OPTS assessment

The PTS assessment of January this year was skipped for some reasons. We asked KEFRI to

do so next time certainly. The next assessment would be implemented in August.

Contact persons

Dr. Gabriel Muturi, Component manager of CADEP, KEFRI

Mr. Jason Kariuki, Assistant component manager of CADEP, KEFRI
Mr. David Muchiri, Kibwezi regional officer, KEFRI

Mr. Peter Nduati, Component manager of CADEP, KFS

Mr. Katsutoshi Komori, JICA Kenya Office representative

Ms. Yoko Okonogi, JICA Kenya Office

Mr. Kazuhisa Kato, Executive Director, JOFCA

Mr. Yoshihiko Sato, Professional Engineer, JOFCA
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Mr. Shintaro Ishizuka, PASCO

Mr. Keiichi Takahata, Chief Advisor, CADEP

Mr. Katsuro Saito, Deputy Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
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Photos

Photol Interaction Workshop Photo2 Interaction Workshop
(Mr. Kariuki’s presentation) (General discussions)
Photo3  FFS activity Photo4 Planted improved Melia at FFS site
(Irabari FFS) (planted in Nov.2018)
Photo5 Better Globe Forest Photo6 BGF Melia plantation
(General explanation by officer) (Planted in 2009, found disease at trunk)
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Photo 7 BGF Melia nursery Photo 8 Kituku Farm

(seedling production under the tree) (Mr.Kituku’s explanation)

Photo9  Kituku Farm nursery Photo 1 0 Melia seeds

(high sprouting rate) (collecting seeds from plantation)

Photo1 1  Kituku Farm plantation Photo 1 2 Tiva seed orchard
(4 x4 m spacing) (Properly weeded)
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Photo 1 3 Tiva PTS Photo 1 4  Kibwezi seed orchard

(Planted in 2014) (Mr.Kariuki’s site explanation)
Photo 1 5 Kibwezi Acasia seed stand Photo 1 6 Kibwezi PTS
(Planted in 2015) (Planted in 2015)

Photo1 7 Meeting for collaboration between
C2and C4 (KEFRIHQ)
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Appendix 5-1-8

Report of short term expert (Project management)

Expertise Name Term
Project management Dr. Masatoshi Ubukata 25Jan.-1 Feb.2020
Project management Mr. Hidetaka Ichikawa 25Jan.-1 Feb.2020

1. Itinerary

Date Activity

25 Jan.(Sat) Hitachi to Haneda, move to Doha

Arrive at Nairobi
26 Jan.(Sun)
Move to Embu

27 Jan.(Mon) Meeting with CP at KEFRI HQ

Attendance to CADEP component interaction workshop
28 Jan.(Tue) ) ]
Meeting with Japanese Experts

Move to Embu
29 Jan.(Wed) ] ] ) ] )
Sites observation(Marimanti PTS, Gaciongo Sub-PTS)

Visit Africa Children Education Fund

Sites observation(Makima Sub-PTS, Yikithuki Sub-PTS, Kibwezi
Orchard/PTS/ASS)

Move to Nairobi

30 Jan.(Thu)

. Meeting at JICA office in Kenya
31 Jan.(Fri) Move to Doha

Move to Narita

1 Feb.(Sat) . )
Move to Hitachi

2. Results of major activities
2. 1 Meeting with CP
(Arrangement for JCC presentation document)
On January 27, We have a meeting with Dr.Muturi for arranging the JCC document from
component4 at KEFRI HQ. After discussing some topics, we accepted the most part of his views.
(Melia seed production)
Dr.Muturi explained that the estimated annual Melia seed production (fruit) in 2019-2020
would be increased to 5,000kg in Kibwezi, which is the highest production volume. Both sides
agreed to the necessity of further establishing seed orchard by region to meet the increasing
demand for improved Melia seed from farmers.
(Bearing the cost for assessment)
The cost for managing the clonal seed orchards from April to August 2019 was borne by KEFRI
that saved the budget of CADEP to some extent. Therefore we offered Dr.Muturi that CADEP
could cover the cost for the assessment of PTSs and related activities by the end of the fiscal
year if it technically justified. He told that he had some option (ex. pathological assessment,
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thinning PTS, etc.) if the budget could be allocated. He would consider what kind of activities
should be prioritized, then respond soon anyway.

2. 2 Joint Coordinating Committee (JCC) meeting (Photo1,2)
5th JCC meeting was held in the Ministry chaired by Mr. Gichu, Conservation Secretary of the
Ministry, with the participation of CPs concerned, a representative of JICA Kenya office and
Japanese experts. Besides, the county (Embu, Taita-Taveta) ministers who in charge of forestry
and a treasury officer from MoEF attended for the first time.
In the meeting, the attendees from Component2 (KFS) and 4(KEFRI) mentioned about the
collaboration between them, confirmed that further cooperation should be taken. KEFRI director
Dr.Cheboiwo made closing remarks, stated that KEFRI wanted to further cooperate between JICA
and KFS for succeeding the CADEP, to supply more Melia seeds to neighboring countries such as
Tanzania, Ethiopia and Uganda, to enhance Melia seedling production to meet the increasing
demand in collaboration with component2.

2. 3 Marimanti PTS (Photo3,4,5,6)

The PTS is located along the dirt road from the highway, so it has been said difficult to access. Now
the paving is underway that made easier to reach in spite of heavy rainfall.

In this time just weeding in the site, around 40% of the site has been done.2015 planted trees are
growing to DBH16cm, H7m in maximum (Photo3). Some trees were about to fall because the roots
were rotten, however, the growth was better as a whole. We found no significant growth
difference to 2014 planted trees(Photo6). Although the weather observation equipment was not
found by sight, it confirmed the site manager where it was.

2. 4 Gaciongo Sub-PTS (Photo7,8,9)
The site is located 20minutes drive north from Marimanti PTS. The landowner, who is ex-principle
of junior high school, have high motivation for Melia planting. 2015 planted trees are growing to
DBH16cm, H7m in maximum, same growth trend as Marimanti PTS (Photo7,8). There were some
blocks of Melia (bought seedlings from KEFRI) planted in 2017, planted seedlings from PTS last
year, which adjacent to PTS. He boasted that he would not bought Melia seedlings from KEFRI any
more because PTS trees came to have fruits and seeds. Then we visited his home, found that his
Melia nursery in the garden. He succeeded to sprout the seeds in November last year, now
nurturing around 20 seedlings (Photo9).

2. 5 Africa Children Education Fund. Makima Sub-PTS (Photo10,11,12)

We visited Africa Children Education Fund (ACEF) in Embu. ACEF is the landowner of Makima Sub-
PTS. There were a lot of facilities (primary school, child hospital, vocational training center) on the
same site (Photo10). Managing Director Mr.Shiojiri told us that he attended a past JICA workshop
which was held in Izaak Walton Hotel a few years ago, however, he rarely heard the current state
of the project. We explained the proceedings of the project and would come here more often
when we visit Embu.

The sub-PTS is located in the corner of Jump & Smile Children Centre, a children’s home to assist
the orphans especially those with HIV and those parents died from the disease. Trees were
growing maximum to DBH20cm, H8m (Photo11). We did not find new canker damage near the
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ground (Photol2) .

2. 6 Yikithuki Sub-PTS (Photo13,14,15)
The height growth of the site was 4 or 5m on average, it was the least developed in all PTSs.
Many of which were thought to be fallen or withered, the selected candidate plus tree for the
second generation was only 12 trees while Gaciongo and Voi are 16 each, Makima is 15. We
estimated that the soil quality in the site was not suitable for Melia.

2. 7 Kibwezi seed orchard/PTS/ASS (Photo16,17,18)
Kibwerzi is well managed at seed orchard, PTS and ASS as well as in Tiva although you do not need
frequently weeding because of low understory vegetation by little precipitation. Some fallen trees
we have seen in May and July were left as it is, however, still have fruits that enable us to collect
seeds.
Those trees are less growth than Tiva but better when it comes to seed production,
the relatively longer-lasting effect of tree designing by cutting and branch pruning. So it is assumed
that Kibwezi has a good soil condition for Melia seed orchard.
We also observed the state of ASS. Thinning was scheduled in January, but yet to be undertaken.

2. 8 Meeting with Japanese experts
On the afternoon of January 28 after the JCC meeting, we explained the proceedings of
Component4 activities to the Japanese experts upon the request.

2. 9 Meeting at JICA Kenya office
On January 31, We discussed with JICA Kenya officers and Japanese experts about the following
topics.
* Promoting practical breeding technics to neighboring countries
* After CADEP project
* Ensuring the income from seed selling
* Succession planning
* Follow-up the MoA, cooperation between KEFRI and KOMAZA

4 . Challanges
oPMU (Project Management Unit)
PMU might be held in February or March if further discussion is needed.

5. Contact persons
Dr. Gabriel Muturi, Component manager of CADEP, KEFRI
Mr. Katsutoshi Komori, JICA Kenya Office representative
Ms. Yoko Okonogi, JICA Kenya Office
Mr. Kazuhisa Kato, Executive Director, JOFCA
Mr. Akinobu Senbo, PASCO
Mr. Keiichi Takahata, Chief Advisor, CADEP
Mr. Katsuro Saito, Deputy Chief Advisor, CADEP
Ms. Yuki Honjo, Coordinator, CADEP
Mr. Shiojiri Yasuo, Managing Director, Africa Children Education Fund
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Photos

Photol JCC at MoEF Photo2 JCC (Attendeesfrom Component4)
Photo3 Marimanti PTS (Planted in 2015) Photo4 Marimanti PTS (on weeding)
Photo5 Marimanti PTS (Planted in 2014) Photo6 Marimanti PTS

(fallen tree caused due to soil runoff )
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Photo7 Gaciongo Sub-PTS (best growing tree) Photo8 Gaciongo Sub-PTS

Photo9 Gaciongo Sub-PTS Photol0 Africa Children Education Fund in Embu
(nursery at land owner’s home )

Photoll Makima Sub-PTS Photo12 Makima Sub-PTS

(canker damage at near ground level) (canker damage at near ground level)
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Photol3  Yikithuki Sub-PTS Photo14  YikithukiSub-PTS (slower height growth)
(a better one in the site)

Photol15 Yikithuki Sub-PTS (fallen trees) Photo1l6 Kibwezi Orchard (already weeded)

Photol7 Kibwezi Orchard (Melia flowering) Photo18 Kibwezi ASS (yet to be thinning)
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Appendix 5-2-1~7

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

[ Drought Tolerance]
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Appendix 5-2-1

Report of short term expert (Drought Tolerance)

Expertise

Name

Term

Drought Tolerance

Dr. Koichiro Gyokusen

9~23 Sep.2017

Drought Tolerance Dr. Eiji Goto 9~23 Sep.2017
O Schedule
AM PM Accommodation
JAL330
09.09 (Sat.)
20:00 Fukuoka- Haneda
EK313 EK719 Kitui
09.10 (Sun.) o
00:30 Haneda 14:45 Nairobi
09.11(Mon.) | Scheduling and measurement of grafted seedlings Kitui
Collection of dendrometer and automatic camera Kitui
09.12(Tue.) ) )
Weather data collection and maintenance
09.13(Wed.) | Preparation and arrangement for planting Kitui
09.14(Thu.) | Preparation and arrangement for planting Kitui
) Measurement with morphological of grafted seedlings Kitui
09.15(Fri.) ) )
(Dimensions, pore and chlorophyll)
Measurement with morphological of grafted seedlings Kitui
09.16(Sat.) ] )
(Dimensions, pore and chlorophyll)
Move to Kibwezi Kibwezi
09.17(Sun.) | Collection of dendrometer and automatic camera
Weather data collection and maintenance
Weather data collection and maintenance Kibwezi
09.18(Mon.) ] )
at Kasigau and Voi
Weather data collection and maintenance at Yikituki Embu
09.19(Tue.)
Move to Embu
Weather data collection and maintenance Kitui
09.20(Wed.) ) ] ] o
at Marimanti and Gaciongo  Move to Kitui
Measurement of target tree diameter at Tiva Kitui
09.21(Thu.) ) ]
Collection of equipment
. Move to Nairobi EK720
09.22 (Fri.) o ]
16:40 Nairobi - Dubai
EK316 NH1709
09.23 (Sat.) .
3:00 Dubai - Osaka Osaka — Fukuoka 20:40
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2. Activities and results

2.1. Weather conditions at seed orchards and progeny sites

[Activities]

The weather data and soil water content data of Tiva and Kibwezi seed orchard have
been collecting since July 2014. In this time the data from Feb. 2017 to Sep. 2019 were
collected.

[Results]

The weather data of Tiva and Kibwezi seed orchard from Jan. 2017 to Sep. 2017 was
shown in fig. 1 and 2. The both site data included the missing values due to the trouble
of weather station, 46 days at Tiva from 6th Feb. 2017 to 20th Mar. 2017 and 9 days at
Kibwezi from 2nd Feb. 2017 to 8tk Feb. 2017. There were six times of rainfall period from
2015 to 2017. However, the variation of precipitation among rain seasons was large,
especially in latest two times rainy season at Tiva remarkable decline of precipitation

was recognized.

100 - s Preci ===Min Tem Max Tem

Tlva e Ave Tem e==1\[in Moi

80 -

60 -

40 -

20 4

Tem(°C), Moi(%), Preci(mm)

|
0 T ‘I T
2014/7/1 2015/7/1 2016/7/1 2017/7/1

188 1 KibweZi m Preci = min tem

ave tem e—1m1Nn Mol
80 -

70 A
60 -
50 -
40 -
30 -
20 -
10 +
0 . . : .

2014/7/1 2015/7/1 2016/7/1 2017/7/1

max tem

Tem(°C), Moi(%), Preci(mm)

Fig.1 Weather Changes of Tiva and Kibwezi (Jul. 2014~ Sep. 2017.9)
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The weather data of Kacigau and Marimanti PTS from Jul. 2017 to Sep. 2017 was shown

in fig. 2. Remarkable decline of precipitation was recognized at Marimanti.

100 = preci

., | Kasigau
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30
20 -

+
0 ‘ ‘ | \H\‘ M‘H‘\ ‘\ \‘ L \‘\ \‘\ MI I \‘ \‘\ Ll | l HHM\ ‘ .
2015/07/01 2016/07/01 2017/07/01

Max: Temp

e Min: Temp

Avg: Temp,

Tem(°C), Moi(%), Preci(mm)

100 ~ . . mmm Preci

o |  Marimanti ——Min: Temp,
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -~

0
2015/07/01 2016/07/01 2017/07/01

Max: Temp.
Avg: Temp,
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Secondly, the temperature and humidity of every sites including Gaciongo, Makima,
Yikituki, Voi were shown in table 1. The average of temperature of Tiva is lowest and

the average of temperature of Marimanti is highest.
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Table 1 Data of temperature and humidity of each site (Average from Feb. 2016 to Jul.
2017)

) Ave. of Ave. of Ave. of Ave. of Ave. of

Ste WaxRH%  WoRHS e OTRIR o Temc WhTemc  Temec
Gacbobngo 79.3 36.7 65.8 33.5 21.0 26.8
M akm a 88.1 41.7 65.5 29.6 17.8 23.2
M arin anti 65.1 36.5 498 36.2 21.8 28.4
Voi 88.4 41.2 67.4 31.6 20.5 25.2
Y kiuki 89.7 40.2 65.4 29.7 18.3 23.6
Kasgau 79.6 55.7 595 32.8 20.8 25.8
Twva - 395 - 25.9 20.9 22.4
Kbwezi - 49.3 - 32.3 18.8 24.7

2.2. The growth on Tive and Kibwezi seed orchards
2.2. Tiva & Kibwezi
[Activities]

Measurement of stem growth with dendrometers was completed in Tiva and Kibwezi
seed orchards, which was continued from Jul. 2015. In this visiting time the data was
collected and installed dendrometers were collected.

[Results]
Stem growing (average of 20 clones) and every day’s changes of precipitation in Tiva and
Kibwezi from Jan. 2017 to Sep. 2017 were shown in figure 2. The total precipitation in
this period in Tiva, 130mm was lower than the Kibwezi one, 160mm. The average stem
growing was lower than Kibwezi one because of the different of total precipitation. The
start point of growing was observed just after precipitation at both sites. It is showed
that the growing needs proper amount of precipitation at start point of growing.
Eventually the growing seems to be starting at the achieving the proper amount of

precipitation when the rain achieved at deep of root.
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Figure2 Trends of stem growth and precipitation in Tiva and Kibwezi

2.3 Comparison of tree characteristic of fast and slow growth clones
Five fast growth clones (No. 18, 29, 40, 49, 54) and Five slow growth clones (No.1, 21, 31,
39, 45) were selected and the grafted seedling of them were produced at Dec. 2019.
The tree growth and leaf chlorophyll content of grafting seedling of fast growth clones
and slow growth clones were measured. The test site for plating of these clones at the
open air was established.
2.3.1 The tree growth and leaf chlorophyll content of seedling

The results of measurement of the tree growth and leaf chlorophyll
content of grafted seedling were shown in table2. The remarkable difference
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among fast growth clones and slow growth clones was not recognized in this
time.
Table 2: The tree growth and leaf chlorophyll content of grafted seedling

of fast growth clones and slow growth clones

no.49 no.29 no.40 no.54 no.18 no.39 no.21 no.45 no.31 no.1

Dameter() 1.1 6.4 8.2 1.6 6.2 1.4 8.3 1.8 1.9 6.7
D ameter@) 11.6 10.9 11.8 10.7 11.8 10.5 12.3 12.8 10.7 11.3
Heght 22.6 28.0 271 245 26.4 22.3 30.6 25.6 21.8 26.3
Chbrophyll 53.1 48.6 52.7 49.6 56.3 53.2 53.4 52.3 53.1 52.1

Diameter(1) shows diameter of scion and dameter(2) syows that of root stock. Chlorophyll content shows Spadvalue.
Diameter(1) andDiameter(2) was calculated as an averae of 10 seedlings, and chlorophyll content was calculated as
an average of ten leaves.

2.3.2 Plan of planting

These clones were planted at the open air and the progress of growing and
physiology characteristic of the trees were compared in order to investigate
the reason of appearing the difference among fast growth clones and slow ones.
The test site planting was planned at December 2017 and the layout of
planting was decided in this time. The test site was established in Tiva seed
orchard where the vacant area was existed between Melia and Acacia.

Seed orchard in Tiva

I
Melia
D C
B A
[ M atoph
¢ 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 A
° ® ° ° ® ® ® ® ® ° [} [} [} [} L[] ® (] 1
iy 2 T ——— Y e
N : o ° .-“ e © o olle e o : ° ol o ° o-= o 2
N 1 Iy I
.=. . .I.._.—II. ° o: ° e o :o .=|o ° e ] © 3
-, 1 I === I
) e J e ° ol o ° LN ] ° [ o .1 o [ o1l o ol o 4
(YRR | S —— . 1 .
° ° ° P ° [} [ ° ° ° e ] e ° o= 1 ° ° ‘I ) 5
AR [ S
° ° ° ° ° ° ° °
D B

Fig.3 Location of planting test site and layout of planting clones
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Layout of planting clones were shown in figure 4. Each clone planted one
tree by one plot, totally there were five trees in one plot and planted non
target trees at guard row. Effectiveness of guard row is recognized and the
impact should be considered.

17 16 15 14 13 12 11 10 9 7 6 5 4 3 2 1
O @) O @) @) O @) @) O ©) @) o ©) @) o @) @) 1
(@) @) Block_4 ‘)__O o (@) o (@) C BlOCk-l @) 2
° | ° 1 Block-5 > | cBlock-3 |2 |o | ¢ v v | O] s
(@) ©) v v} O (@) (@) (@) (@) BIOCk'z ) ©) o ©) 4
O @) @) @) @) ©) @) @) O ©) @) V] v ©) (@) @) @) 5
o ©) O @) ©) O @) @) 6
17 16 15 14 13 12 1 10 9 8 17 6 5 4 3 2 1
@) O ©) ©) @) @) @) O ©) @) @) @) O O @) @) @)
@) 1 49 31 54 | 31 45 | 29 18 39 54 | 45 18 18 21 49 @)
(@) 18 | 45 | 40 | 21 1 40 | 39 21 49 | 45 | 40 | 31 39 29 1 @)
@) 29 39 54 | 49 18 | 21 1 40 | 31 29 | 49 39 | 45 54 @)
@) @) ©) @) @) ©) O @) @) 29 1 21 18 40 31 ©)
Total=93 @) @) @) O O o o O

Fig.4 Layout of planting clones
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Appendix 5-2-2

Report of short term expert (Drought Tolerance)

Expertise

Name

Term

Drought Tolerance

Dr. Koichiro Gyokusen

29 Jan.~8 Feb. 2018

1. Schedule
AM PM Accommodation
01.29 (Mon.) 20:00 JAL330
Fukuoka-Haneda
21:40

01..30 (Tue.) 00:30 EK313 14:45 EK719

Departure (TOKYO/HANEDA) |Arrival (NAIROBI) Kibwezi
01.31 (Wed) Downlbad ofweather data atkasigau, Voiand K bwezi Kb )

Replacem entofa new weather bggeratK bwezi wezl
02.01 (Thr.) Dounlbad ofweatherdata atY kituki

Move to Em bu Embu

02.02 (Fri.) Dounbad ofweatherdata atM arim anti& G ac iongo.

Move to K itui K itui
02.03 (Sat.) M antenance ofequpm entand data analysis

Kitui
02.04 (Sun.) M aintenance of equpm entand data analysis
Kitui

02.05 (Mon.) Downbad ofweatherdata atT va seed orchad.

Replacem entofa new weather bggeratT va K itui
02.06 (Tue.) M easurem entofseedling size atthe new ly established

progeny testsite K itui
02.07 (Wed.) 16:40 EK720

Travel to Nairobi (3hours) [Nairobi-Dubai

22:40

02.08(Ths.) 3:00 EK316 19:35 NH1709

Dubai-Osaka Osaka-Fukuoka

17:10 20:45
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2. Activities and results
2.1. Weather conditions at seed orchards and progeny sites
[Activities]

The weather data of Tiva and Kibweziseed orchard and that of Kasigau, Marimanti,
Voi, Yikituki, Makima, Gaciongo progeny site had been collected. Six weather items,
namely, solar radiation, temperature, humidity, precipitation and soil water content
were collected in Tiva and Kibwezi seed orchards from Jul. 2014 to Jan. 2018. Three
weather items of temperature, precipitation and soil water content were collected in
Kasigau and Marimantiprogeny site from Jul. 2015 to Jan. 2018 and two weather items
of temperature and humidity were collected in Voi, Yikituki, Makima, and Gaciongo from
Feb. 2016 to Jan. 2018.

[Results]

The average daily air temperature of eight sites was shown in fig. 1 and table 1. The
trends of seasonal change were similar in all sites. The average temperature was high
in dry seasons (Jan.-Mar., Sep.-Oct.) and low in wet seasons ( May-Jun., Nov.-Dec.). The
order from maximum to minimum of average temperature was Marimanti,
Gashiongo,Kasigau, Voi, Kibwezi, Yikiytuki, Makima and Tiva. Especially, the average
daily temperature of Marimanti was 28.2°C and it was considerably higher than that of

other sites.

35
30
25

20
15
10

Average Tem. (°C)

5

0
Nov-13 Jun-14 Dec-14 Jul-15 Jan-16 Aug-16 Mar-17 Sep-17 Apr-18

Tiva — Kibwezi

Marimanti Kasigau

Makima

Voi = Yikituki == Gashinogo

Fig.1 Changes of daily average air temperature of two seed orchards and six progeny

sites.
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Table 1 Changes of daily average air temperature of two seed orchards and six progeny

sites.

2014 1 2 3 4 5 6 7 8 9 10 1 12
Tva 20.9 21.3 21.4 234 22.3 22.1
Kbwezi 22.8 23.1 23.3 253 249 243
M arm anti
Kas gau
Makm a
Voi
Y kituki
G ashngo

2015 1 2 3 4 5 6 7 8 9 10 11 12
Tva 234 245 245 23.2 22.2 21.2 20.7 20.8 22.4 241 22.6 22.1
Kbwezi 25.1 26.6 26.5 26.1 245 23.6 22.7 22.8 241 259 25.0 244
M arm anti 27.0 27.1 29.5 30.1 25.8 26.5
Kas gau 23.6 23.1 24.4 258 26.0 27.8
M akm a
Voi
Y kituki
G ashibngo

2016 1 2 3 4 5 6 7 8 9 10 11 12
Tva 22.1 234 25.6 23.8 21.1 20.9 20.1 20.7 21.0 234 22.1 224
Kbwezi 25.0 26.3 28.2 26.2 24.8 234 22.3 22.7 23.2 251 24.6 242

Marmanti  27.3 28.8 31.9 28.7 26.5 26.5 26.1 215 28.0 30.3 21.2 26.9
Kasigau 27.9 28.2 29.8 26.5 26.4 24.6 23.5 22.8 23.4 25.9 26.7 26.6

Makma 244 259 243 22.6 21.6 20.9 217 22.2 244 22.8 22.0
Voi 26.2 28.2 26.4 25.1 241 231 22.9 23.0 248 25.1 254
Y kiuki 26.0 213 25.2 23.6 225 21.4 21.9 22.2 244 22.8 22.0
G ashbngo 2741 29.3 21.8 26.2 26.2 25.6 26.3 26.0 21.1 254 24.9

2017 1 2 3 4 5 6 1 8 9 10 " 12
Tva 234 23.4 26.3 23.9 22.5 213 20.8 21.5 22.0 23.9 221 22.1
Kbwezi 25.6 26.2 218 26.4 243 23.5 22.9 23.2 24.0 25.1 242 24.9

Marmanti  28.1 29.4 31.8 28.9 271 28.5 27.9 28.5 29.2 29.8 26.6 28.2
Kas gau 28.5 21.9 28.7 21.8 24.8 249 24.0 24.0 242 25.7 255 26.8
Makma 22.9 24.4 26.2 24.0 23.0 22.3 21.9 22.1 23.1 241 22.2 22.1
Voi 26.4 26.1 21.1 21.1 252 245 23.6 235 23.9 25.5 252 254
Y kituki 22.9 25.2 26.8 25.4 23.3 22.9 221 22.6 23.1 25.0 23.2 24.4
Gashbnga  26.0 271 292 21.6 26.4 26.7 26.5 26.7 212 21.8 255 26.5

2018 1 2 3 4 5 6 7 8 9 10 1 12
Twva 23.6
Kbwezi 258
M arm anti 28.7
Kas gau 27.1
Makma 23.8
Voi 25.7
Y kituki 25.1

G ashngo 26.8

The monthly precipitation of four sites were shown in fig.2 and table 2. The weather
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data of precipitation was collected in Tivaand Kibwezi seed orchards and in Kasigau
and Marimanti progeny sites. The data of Kasigau included the missing values from
Nov. 8, 2017 to Jan. 31, 2018 because of the trouble of weather station.

There were two times of rainfall period in one year. However, period and amount of
precipitation were different among experimental sites. The total precipitations of 2015
and 2016 years in Tiva, Kibwezi, Marimanti, Kasigau were 398, 342, 521, 310mm, and
359, 395, 441, 550mm, respectively. Total precipitation of 2015 in Kasigau was the
minimum, but that of 2016 was the maximum. There is a need to continue the

measurement because of the large variation of precipitation to know the water
environment of the test sites.
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Fig.2 Changes of monthly precipitation of two seed orchards and two progeny sites.

Table 2 Changes of monthly precipitation of two seed orchards and two progeny sites.

2014 1 2 3 4 5 6 7 8 9 10 11 12 Total
Tva 0 0 2 24 226 10
Kbwezi 0 0 6 3 79 124
M arim anti
Kas gau
2015 1 2 3 4 5 6 7 8 9 10 11 12 Total
Tva 0 2 30 162 32 2 4 2 1 3 298 61 596
Kbwezi 0 2 4 58 46 1 0 0 0 1 199 130 441
M arm anti 0 1 0 113 677 101
Kasgau 0 11 6 40 179 22
2016 2 3 4 5 6 7 8 9 10 11 12 Total
Tva 37 35 1 181 3 2 0 0 0 0 139 0 398
Kbwezi 6 13 33 4 2 1 1 1 1 205 69 342
M arin anti 5 1 5 179 92 24 0 0 1 3 167 44 521
Kas gau 14 7 15 124 2 1 4 20 8 1 64 41 310
2017 1 2 3 4 5 6 7 8 9 10 11 12 Total
Tva 18 0 0 n 59 0 0 0 4 17 187 2 359
Kbwezi 0 5 6 43 93 1 0 17 1 15 154 60 395
M arim anti 1 6 1 93 84 1 0 1 14 177 4 441
Kasgau 0 5 232 19 85 9 0 5 52 26 116 0 550
2018 1 2 3 4 5 6 7 8 9 10 11 12 Total
Tva 0
Kbwezi 9
M arm anti 0
Kas gau 0

2.2. Progeny test site for comparing growth of the fast and slow growth clones
A progeny site was newly established in Dec. 2017 at Tiva to reveal the
cause of fast and slow growth (fig.3). The current situations of planted trees

were investigated this time.

17 16 15 14 13 12 11 10 9 7 6 5 4 3 2 1
olojo|o|o|lo|lo|]o|o|o|o|o|o|o|Oo]|oO|oO/|H1
o | o Block-4j——o °ololol°| “Block1L°]?®
° 1 ° 1| Block-5 > » | cBlock-3 ||| ¢ v qw]| O]
oo |uvju o olo]o|o | Block22lo]°]°]"
olojo|lo|o|lo|lo|]o|o|o|O|wupuypo|O]|O|O]|s
olo|lo|o|o|o|o|oO|es

Fig.3 Layout of the progeny test site

Layout of each clone was shown in fig.4, and location map of replanted
seedling was shown in fig.5. Twenty-four seedlings of planted ninety-three
(26%) had died and replanted.
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17 16 15 14 13 12 1 10 9 8 1 6 5 4 3 2 1

45 31 54 40 49 45 40 31 54 29 45 39 54 40 40 31 54 1

54 1 49 31 54 31 45 29 18 39 54 45 18 18 21 49 45 2

40 18 45 40 21 1 40 39 21 49 45 40 31 39 29 1 31 3
21 18 29 39 54 49 18 21 1 40 31 29 49 39 45 54 40 4
18 21 29 54 18 45 29 21 49 29 29 1 21 18 40 31 39 5

Total=93 45 29 54 39 40 40 45 6

Fig.4 Layout of 10 clones

17 16 15 14 13 12 1 10 9 8 1 6 5 4 3 2 1

54 39 54 40 | 40 31 54 1

18 n 54 | 45 | 18 | 18 | 21 | 49 | 45 2

21 45 | 40 | 31 39 1 31 3

1 40 | 31 29 39 | 45 40 4

49 | 20 | 20 21 18 | 40 [ a1 39 5

Total=93 45 | 20 | 54 | 39 | 40 45 6

Fig.5 Location of replanted seedling ([ replanted seedling)
The feature of planted seedlings was shown in table 3 and fig.6. Tree height
of fast growth clones were a little higher than that of slow growth clones,

but there was not a significant difference.

Table 3 Feature of planted ten clones.

cbneNo i 2 31 39 15 18 29 10 19 54
Healh 2 6 6 6 i 5 7 8 3 8
D mm) 10 138 108 103 120 133 103 108 138 26
H em) 25 39 30 25 39 61 31 56 36 35
Fig.6 Tree height and diameter. Photo A hole for replanting.
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Appendix 5-2-3

Report of short term expert (Drought Tolerance)

Expertise

Name

Term

Drought Tolerance

Dr. Koichiro Gyokusen

10 ~24 Sep. 2018

1. Schedule

AM PM

Accom m odation

20:00 JAL330

09.10 M on.) Fukuoka-H aneda
2140
00:30 EK313 1445 EK719
09.11 (Tue.) Departure TOKYO HANEDA) [Arrval NAROBD Nairob i
JICA (ecture ofsafety)
09.12 W ed.) Nairobito Kitui K itui
Transfer from Kituito K bwezi
09.13 (Thr.) W eather data colecton atK bweziseed orchard Kbwezi
09.14 Fri) W eather data colectona atKasigau and Voi Kbwezi
W eather data colecton atY kitukiand M akim a
09.15 Sat) Transfer from Kbwezito W m bu Em bu
W eatherdata colection atM arin antiand G aciongo
09.16 Sun.) Transfer from Em bu to K itui K itui
09.17 M on.) W eather data colecton atT vva seed orchard Kitui
09.18 (Tue.) M easurem entofM e lia seedlng atK ituicenter nursery Kitui
09.19 W ed.) Attachm entofweather equpm entatK ituicenter K itui
09.20 (Thr.) Chlbrophyllm easurem entatT va seed orchard Kitui
09.21 Fri) M easurem entofdry weightofM elia seedlng K itui
09.22 Sat) Data analysis K itui
16 : 40 EK720
09.23 Sun.) Traveltb Nairobi Ghours) INairobiDubai
22 : 40
300 EK316 19:35 NH1709
09.24 M on.) Dubai0 saka 0 saka-Fukuoka
17:10 20:45
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2. Activities and results
2.1. Weather conditions at seed orchards and progeny test sites
[Activities]

Weather data at two seed orchards (Tiva and Kibwezi) and six progeny sites (Kasigau,
Marimanti, Voi, Yikituki, Makima, and Gaciongo) were collected. Five data sets of
radiation, temperature, moisture, precipitation and soil water potential were collected
at two seed orchards. Three data sets of temperature, precipitation and soil water
potential were collected at Kasigau & Marimanti, and two data sets of temperature
and moisture were collected at Voi, Yikituki, Makima and Gaciongo, respectively. Data
sets from Jan. 2018 to Sep. 2018 were collected this time.

[Results]
Weather data of two seed orchards were shown in fig.1. Soil water potential of Tiva

was higher than that of Kibwezi.
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Fig.1 Weather condition in Tiva and Kibwezi seed orchards
Precipitations of Tiva, Kibwezi, Marimanti and Kasigau were shown in table 1. It was
difficult to compare them directly because of a large fluctuation and missing values, but
roughly speaking, precipitation of Marimanti was the highest and there was a little
difference among three other sites. The precipitation of 2018 seemed to have a high trend

compared with other years.

Precpitatabn @im)

2014 1 2 3 4 5 6 1 8 9 10 1 12 Total
Tva 0 0 2 24 226 10
K bwezi 0 0 6 3 79 124
Marm anti
Kasgau

2015 1 2 3 4 5 1 8 9 10 11 12 Total
Tva 0 2 30 162 32 2 4 2 1 3 298 61 596
K bwezi 0 2 4 58 46 1 0 0 0 1 199 130 441
M ari anti 0 1 0 113 677 101
Kasgau 0 11 6 40 179 22

2016 1 2 3 4 5 6 7 8 9 10 11 12 Total
Tva 37 35 1 181 3 2 0 0 0 0 139 0 398
K bwezi 6 6 13 33 4 2 1 1 1 1 205 69 342
Marmant 5 1 5 179 92 24 0 0 1 3 167 44 521
Kasgau 14 1 15 124 2 1 4 20 8 1 64 41 310

2017 1 2 3 4 5 6 1 9 10 1 12 Total
Tva i 7 0 7T 0 il 59 0 0 4 17 187 2 359
K bwezi 0 ) 6 43 93 1 0 17 1 15 154 60 395
Marmant 1 6 1 93 84 1 0 1 74 177 4 441
Kasgau 0 5 232 19 85 9 0 5 52 26 7 (16) 5] 550

2018 1 2 3 4 5 6 1 8 9 10 1 12 Total
Tva 0 7 49 273 3 0 0 0 333
K bwezi 9 3 336 230 2 0 0 0 581
M arin ant 0 0 119 404 89 10 6 0 0 628
Kasgau 0 15 210 61 9 1 8 30 344

Nodata KbweziQ0182/4-2/1)
Tia Q018,2/1-3/19)
Kacgau Q017/11A0-11/40,201742/412/31)

The average monthly temperature was shown in table 2. We could get a full data set of
temperature from Jan. 2016 to Sep. 2018. The monthly average temperature of Tiva,
Kibwezi, Marimanti, Kasigau,Makima, Voi, Yikiytuki and Gashiongo were 22.3°C,
24.5°C, 28.2C, 25.8°C, 22.9C, 25.0C, 23.5C, 26,6°C, respectively. The monthly average

temperature of Marimanti was the highest and that of Tivathe lowest.
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Table 2 The monthly average temperature of two seed orchards and six progeny sites.

2014 1 2 3 4 5 6 1 8 9 10 11 12 Ave.
Tva 20.9 21.3 21.4 23.4 22.3 22.1 21.9
Kbwezi 228 23.1 23.3 253 249 243 24.0
Marm anti
Kasgau
Makma
Voi
Y kituki
G ashbngo

2015 1 2 3 4 5 6 1 8 9 10 11 12 Ave.
Tva 23.4 245 245 23.2 222 21.2 20.7 20.8 22.4 241 22.6 22.1 22.6
Kbwezi 25.7 26.6 26.5 26.1 245 23.6 22.7 22.8 241 25.9 25.0 244 24.8
M arin anti 27.0 27.7 295 30.1 25.8 26.5 27.8
Kasgau 23.6 23.1 24 4 258 26.0 27.8 25.1
Makma
Voi
Y Kituki
G ashbngo

2016 1 2 3 4 5 6 1 8 9 10 11 12 Ave.
Tva 22.7 23.4 25.6 23.8 21.7 20.9 20.1 20.7 21.0 23.4 221 224 224
Kbwezi 25.0 26.3 28.2 26.2 248 23.4 22.3 2217 23.2 25.1 24.6 242 247
M arin anti 273 28.8 31.9 28.7 26.5 26.5 26.7 275 28.0 30.3 272 26.9 28.0
Kasgau 217.9 28.2 29.8 26.5 26.4 24.6 23.5 22.8 23.4 259 26.7 26.6 26.0
Makim a 24.4 25.9 243 22.6 21.6 20.9 21.7 22.2 24.4 22.8 22.0 23.0
Voi 26.2 28.2 26.4 25.1 241 23.1 22.9 23.0 24.8 25.7 254 25.0
Y kituki 26.0 217.3 252 23.6 22.5 21.4 21.9 22.2 24.4 22.8 22.0 23.6
G ashbngo 27.1 29.3 27.8 26.2 26.2 25.6 26.3 26.0 21.7 254 24.9 26.6

2017 1 2 3 4 5 6 7 8 9 10 11 12 Ave.
Tva 23.4 23.4 26.3 23.9 225 21.3 20.8 215 22.0 23.9 22.1 22.7 22.8
Kbwezi 256 (6.2) 2738 26.4 243 235 229 23.2 24.0 257 242 249 24.8
Marm anti 28.1 29.4 31.8 28.9 27.1 28.5 27.9 28.5 29.2 29.8 26.6 28.2 28.7
Kasgau 28.5 27.9 28.7 27.8 24.8 24.9 24.0 24.0 242 25.7 255 26.8 26.1
Makm a 22.9 24.4 26.2 24.0 23.0 22.3 21.9 22.7 23.1 24.7 22.2 22.7 23.3
Voi 26.4 26.1 21.7 27.1 252 245 23.6 235 23.9 255 252 254 25.3
Y kituki 22.9 252 26.8 254 23.3 22.9 22.1 22.6 23.1 25.0 23.2 24.4 23.9
G ashbngo 26.0 27.1 29.2 27.6 26.4 26.7 26.5 26.7 27.2 27.8 255 26.5 26.9

2018 1 2 3 4 5 6 1 8 9 10 11 12 Ave.
Tva 23.6 244 224 21.6 21.4 20.1 19.8 20.3 21.7 21.7
Kbwezi 258 26.2 245 241 23.1 22.6 22.0 22.7 23.9 23.9
Marm anti 28.7 30.4 27.3 25.1 26.4 26.3 217.0 27.9 29.2 217.6
Kasgau 27.1 284 26.5 259 254 24.2 235 23.1 24.0 25.3
M akin a 23.8 249 22.7 21.8 22.1 21.1 20.7 21.2 22.9 22.4
Voi 26.4 253 25.0 24.9 23.9 23.2 22.9 23.9 23.9 24.4
Y kituki 25.1 254 23.2 22.8 22.6 21.6 21.2 21.6 22.6 22.9
G ashbngo 26.8 279 258 24 .4 26.0 257 259 26.5 275 26.3
Nodata: KbweziQ0170204-20170207)
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2.2. Weather equipment installation at Kitui center

There was already a weather station at Kitui Center, but data collection had not been

conducted for the past few years because of the failure of equipment. Second hand

weather loggers and new weather sensors were installed this time. New weather sensors

were for precipitation, temperature and moisture measurement (photo 1).

Photo 1 Equipment installation of weather station at Kitui Center

2.3. Comparison of tree growth of 10 clones planted in Tiva seed orchard.

Grafted seedlings of ten clones were planted in Tiva seed orchard at Dec.

2017 to compare the tree growth and physiology. Ten clones were composed

of five fast growth clones and five slow growth clones. Tree height, stem

diameter at ground level, and chlorophyll contents (SPAD value) were

measured this time.
Tree growth (H, D, D2H) and chlorophyll were shown in table 2. Yellow color
shows the slow growth clone and green color shows the fast clone, respectively.

The growth of slow growth clone was lower than that of fast clones according

to the result so far but there was not a relation between clone and SPAD value.
Table 2 Tree growth and SPAD value of ten clones

C bne no.Tree No. veadatacheano. D “2H sd D s d H sd Chb sd
n n m? cm cm spad valie
39 1 6 0.00049 0.00045 175 2.2 80.1 12.6 50.9 3.6
31 6 5 0.00077 0.00075 19.7 4.9 93.5 11.6 49.0 6.0
1 5 3 0.00115 0.00083 14.7 3.9 78.0 38.9 50.8 6.8
21 5 3 0.00249 0.00226 18.3 6.9 96.2 493 493 35
54 9 2 0.00320 0.00261 19.8 5.3 115.8 38.2 43.3 1.2
29 5 4 0.00371 0.00342 24.2 10.0 106.0 40.1 57.7 4.2
49 5 4 0.00382 0.00461 21.0 7.9 108.8 59.8 475 10.2
45 8 7 0.00398 0.00258 23.0 3.8 1255 32.7 46.0 3.2
40 8 5 0.00662 0.00852 251 10.2 1240 73.0 51.1 10.5
18 6 4 0.00909 0.00794 26.3 10.5 159.3 60.9 547 9.9
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Fig. 2 The relationship between stem volume and SPD value

The relationship between stem volume and SPAD value was shown in Fig.2.

There was a significant linear relation between stem volume and SPAD value.

2.4. Comparison of tree growth and some characteristics of fast and slow
growth clones

Tree growth (H, D and H/D) and SPAD value of ten clones was shown in
table 3. Seed of these clones were sown at May 2018 and composed of five fast
growth clones and five slow growth clones. There was not a significant
relation between tree growth (H and D) and SPAD value. However, there was
a little difference in D and H, namely, D was bigger in fast growth clones and
H was higher in slow growth clones (table 3). As a result, H/D of fast growth
clone was bigger than that of slow growth clone (photo 2). There is a
possibility that H/D of seedling becomes as a selection index of plus tree of
Melia volkensil.

C bne No. n D s.d. H s.d. HD s.d.  SPAD vale s.d.
mm cm mm /cm

18 20 95 5 296 55 320 079 460 25
29 78 705 75 352 6.7 328 063 437 i3
70 28 K 79 331 58 200 068 463 39
75 2 95 0.7 313 52 332 060 447 28
49 22 10.6 1.5 35.2 53 3.37 0.57 44.8 3.0

1 21 9.4 1.4 34.8 115 3.76 1.45 472 4.0
21 22 9.1 1.2 315 6.2 419 0.79 46.9 49
31 20 8.7 0.7 35.5 5.4 412 0.75 46.2 4.6
39 22 9.2 1.1 35.0 55 3.84 0.70 43.4 3.9
54 19 8.9 1.0 30.7 1.3 3.49 0.91 46.1 3.9

Table 3 Comparison of tree growth of ten clones
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Photo 2 The fast growth clone (No.40) and slow growth clone (No.1)

H/D
4.5
4.0
3.5
3.0
2.5
2.0
15
1.0
0.5
0.0

H/D

18 29 40 45 49 1 21 31 39 54
28— No.

Fig.3 H/D value of the fast and slow growth clone

157



Appendix 5-2-4

Report of short term expert (Drought Tolerance)

Expertise

Name

Term

Drought Tolerance

Dr. Eiji Goto

16 ~24 Sep. 2018

O Schedule
AM PM Accommodation
09.16 (Sun.) Fukuoka- Haneda
Haneda- Dubai- Nairobi Kitui
09.17 (Mon.) Transfer from Nairobi airport to Kitui
Maintenance of Preparation of drought Kitui
09.18 (Tue.)
Li-6400 tolerance test
Measurement of Measurement of Kitui
09.19 (Wed.) .
drought tolerance | photosynthetic performance
Measurement of Measurement of Kitui
09.20 (Thr.)
drought tolerance | photosynthetic performance
Measurement of Measurement of Kitui
09.21 (Fri.)
drought tolerance | photosynthetic performance
Measurement of Measurement of Kitui
09.22 (Sat.)
drought tolerance | photosynthetic performance
Transfer from Kitui to Nairobi airport.
09.23 (Sun.)
Nairobi- Dubai
09.24 (Mon.) Dubai- Osaka- Fukuoka

OAchievement

(MMaintenance of Gas exchanege equipment (Li-6400)

The condition of the gas exchange measuring apparatus (Li-6400; manufactured by

Licor) used for the measurement of the photosynthetic activity was tested. No

abnormality was found in air leakage and impaired light intensity. However, since
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internal calibration is necessary, | recommend to send the manufacture for detail
calibration if possible.

@Photosynthetic capacity of candidate for dry tolerance-resistant tolerance

I. Comparison of the photosynthetic capacity

Using the leaves of the superior candidate lines (line No. 40, 49, 18) and the inferior
candidate lines (line No. 39, 31, 1) in the test forests of Tiva and Kibwezi (about 6
months after sowing), light - dependent photosynthetic activity (fixed rate of CO 2) was
measured together with the counterpart. As a result, it was found that the photosynthetic
rate of No. 18 line is higher than that of the other lines (Fig. 1). On the other hand, two
superior candidate No. 40 and No. 49 lines had photosynthetic rates comparable to
those of inferior lines. This measurement is a measurement at a specific time and it is

necessary to repeat same analysis.

14 -

CO2 assimilation rate (umol m-2 s-1)

PAR (umol m-2 s-1)

—0— Clone-40 —@— Clone-49 —®— Clone-1
—0— Clone-31 —@— Clone39 —®— Clone-18

I Comparison of drought stress

The superior candidate lines (line No. 40, 49, 18) and the inferior candidate lines (line No.
39, 31, 1) were investigated the resistance to drought stress. Three lines of each line size
were prepared and divided into a treatment group with or without watering, the maximum
photosynthetic rate was measured. At the same time, we also investigated the degree of soil

moisture.
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As a result, soil moisture decreased with the number of days in the drought stress.

Furthermore, comparing the photosynthetic capacity at that time, the photosynthetic

performance was decreased by drought stress. Interestingly, No. 31 (inferior line) was found

to maintain high even under extreme drying conditions.

Photosynthetic activity (%)
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The value of the maximum
photosynthesis rate before the
treatment without watering was
taken as 100%. The number of
days indicates the number of

days of drought stress treatment.



Appendix 5-2-5

Report of short term expert (Drought Tolerance)

Expertise Name Term
Drought Tolerance Dr. Koichiro Gyokusen 9 ~23Sep. 2019
1. Schedule
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2. Activities and results
2.1. Weather conditions at seed orchards and progeny test sites
[Activities]

Weather data at two seed orchards (Tiva and Kibwezi) and six progeny sites (Kasigau,
Marimanti. Voi, Yikituki, Makima, and Gaciongo) were collected. Five data sets of
radiation, temperature, moisture, precipitation, and soil water potential were collected
at two seed orchards. Three data sets of temperature, precipitation, and soil water
potential were collected at Kasigau & Marimanti, and two data sets of temperature and
moisture were collected at Voi, Yikituki, Makima and Gaciongo, respectively. Data sets
from Sep. 2018 to Sep. 2019 was collected this time.

[Results]

Weather data of two seed orchards were shown in fig.1. Soil water potential of Tiva

was higher than that of Kibwezi. Precipitation data in Tiva has not been collected in a

year because the tipping bucket rain gauge was hampered by a beehive.

Fig.1 Weather condition and Soil water potential in Tiva and Kibwezi seed orchards
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Precipitation data in Tiva were not collected, however, in light of some aspects such as
changing soil water potential, lowest moisture, etc., the year 2019 was seemed drier than
2018. Table 1 shows the monthly average temperature of two seed orchards and six
progeny sites. The average temperature was used the three years average between Feb.
2016 to Jan. 2019. From the lowest temperature, the order is Tiva, Makima, Yikituki,
Kibwezi, Voi, Kasigau, Gaciongo, Marimanti. Tiva was 22.4°C, Marimanti was 28.2°C,
the gap between them was 5.8°C.

Besides, weather data in each site can be shown in Annex 1, 2.

Table 1 The monthly average temperature of two seed orchards and six progeny sites.

2.2 Comparison of tree growth and some characteristics of fast and slow growth clones.

In order to reconfirm and to clarify the reason for the growth difference, the planting
testing site was established in Dec. 2017. In this time we have checked the height and
diameter of those trees. Tree growth is different by planting position, the two-lane
adjoining to seed orchard did not find its growth due to water conflict with adjoining

trees.

Photo1 Tree growth in the test site (L : center. R : adjoining to seed orchard)
In this site, there are many factors (not enough rooting, late weeding, and conflict with
adjoining trees) that may lead to a slower growth rate. Given the situation, not directly

compare the growth rate, but contrast the individual numbers and number of crones
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among the 20 best growth trees. As a consequence, selected clones as a rapid growth one
were included in 14 trees (70%) in terms of height and root diameter (Table 2) . Also, all
the clones were included.

In these circumstances, we confirmed the superiority of the crones of “rapid growth tree”,

and its genetical characteristics.

Table 2 Name of the best 20 clones and their size

2.3. Comparison of seedling growth of fast and slow growth clones

As a result of the comparison of the seedling last year, we found that H/D of fast growth
clone was bigger than that of slow growth clone. There is a possibility that H/D of
seedling becomes a selection index of plus tree of Melia volkensii. In this time we
compared 20 clone seedlings which were sown in May 2019. Also checked the form of 16
clone seedlings that were collected in 2016.

Tree growth (H, D, and H/D) and SPAD value in 2016 and 2019 were shown in table 2,
3. Figure 3 shows the relation between the rank in D2H (2014) and in H/D ratio(2016,
2019). A positive correlation can be found in both year (2016: r=0.679%*, 2019: r=0.532%) .
lower H/D clone tend to more widespread growth. These outcomes would support the
result of 2018, namely, D was bigger in fast-growth clones and H was higher in slow
growth clones. However, clones 36 and 19 showed lower H/D in spite of lower growth in
2019. It is assumed that both seeds would be hybrid with higher growth clone.

The possible reason for the correlation between H/D and growth is that H/D shows the
difference in distribution style. Therefore, we are going to continue the research; ex. The
difference distribution to above-ground level and Assimilatory to Non-assimilatory

Organ. Also, additional investigation, more clones, growth test after planting, is needed.

164



Table 2 Comparison of D/H ratio of 20 clones (2019)

Table 3 Comparison of D/H ratio of 16 clones (2016)

Fig.3 H/D value of the fast and slow growth clone (2016, 2019)
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Annex 1 : Monthly average temperature in PTSs (2014-2019)
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Annex 2 : Monthly precipitation in PTSs (2014'2019)

2014 1 2 3 4 5 6 1 8 9 10 11 12 Total
Tia 0 0 2 24 226 10
K bwezi 0 0 6 3 19 124
M arm anti
Kas gau

2075 T Z 3 4 5 [ T 8 9 10 1T T2 Total
Twa 0 2 30 162 32 2 4 2 1 3 298 [ 596
Kbwezi 0 2 4 58 46 1 0 0 0 1 199 130 441
M arim anti 0 1 0 113 677 101
Raskau 0 1T B 40 179 77

2016 1 2 3 4 5 6 1 8 9 10 11 12 Total
Twa 37 35 T T8T 3 Z 0 0 0 0 139 0 398
K bwezi 6 6 13 33 4 2 1 1 1 1 205 69 342
Warmant 5 1 5 179 92 24 0 0 1 3 167 44 521
Kas gau 14 1 15 124 2 11 4 20 8 1 64 41 310

2017 1 2 3 4 5 6 1 8 9 10 11 12 Total
Tia 18 0 0 11 59 0 0 0 4 17 187 2 359
Kbwezi 0 {) 6 43 93 1 0 17 1 15 154 60 395
Warmant T [ T 93 84 T 0 0 T T4 77 4 447
Kas gau 0 5 232 19 85 9 0 5 52 26 116) 3] 550

Z078 T Z 3 4 5 [ 7 8 ] 10 TT T2 Total
Tia 0 1 49 213 3 0 0 0 0 0 @) - 333
Kbwezi 9 3 336 230 2 0 0 0 2 22 59 159 822
Warmant 0 0 119 404 89 10 6 0 1 4 69 154 857
Raskau 0 5 Z10 B ] ] T 8 40 106 47 97 597

2019 1 2 3 4 5 6 1 8 9 10 11 12 Total
Tiva - - - - - - - - - 0
Kbwezi 18 1 3 32 13 2 0 2 0 10
Warmant 32 3 15 59 11 ] 0 [ 0 134
Kas gau 21 32 21 84 50 1 1 24 1 241

Nodata Khwezi@01824-2/7)

Tia (20182/1-3A89), 20188A8-2019448)
Kaciau (2017A148-1140,201742A-1241)
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Appendix 5-2-6

Report of short term expert (Drought Tolerance)

Expertise

Name

Term

Drought Tolerance

Dr. Koichiro Gyokusen

16~29 Feb. 2020

1.Schedule
AM PM Accommodation
20:00 JAL330
02.16 (Sun.) Fukuoka-Haneda
21:35
00:30 EK313 07:20 10:25 EK719 14:35
02.17 (Mon.) Departure (TOKYO/HANEDA) | Arrival (NAIROBI) Kitui
Move to K itui
Kitui-Kbwezi

02.18 (Tue.) Colecthg weather data K bwez) Kbwezi

Survey ofM elia stand
02.19 (Wed.) Colecthg weatherdata Kasigau, Vo) Kbwezi
02.20 (Thr.) Colecthg weatherdata (f kitukiM akin a) Em bu

M ove o Em bu
02.21 (Fri.) Colecthg weather data M arin antiG aciongo) Kitui

Move o Kitui
02.22 (Sat.) Study on seedlngs h nursery (Kiuicentr) Kitui
02.23 (Sun.) Study on seedlngs n nursery (Kituicenter) Kitui
02.24 (Mon.) Study on seedlngs n nursery (Kiuicenter) K itui

Colecthg weatherdata (T va)
02.25 (Tue.) M easurem entofM el grow th atT va K itui
02.26 (Wed.) Survey ofM el stand atT va K itui
02.27 (Thr.) Survey ofM ela stand atT va K itui

16:50 EK720
02.28 (Fri.) Travel to Nairobi (3hours) |Nairobi-Dubai
22:50

3:05 EK316 20:10 NH1709

02.29 (Sat.) Dubai-Osaka Osaka-Fukuoka
17:05 21:25
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2. Activities and Results
2.1. Weather conditions in seed orchards and progeny test sites
[Activityl

We downloaded the weather data collected by data logger in 8 sites, namely, two
sites of seed orchard in Tiva and Kibwezi, and six sites of progeny site in Kasigau.
Marimanti, Voi, Yikituki, Makima, and Gaciongo. Five weather items, i.e. solar
radiation, temperature, moisture, precipitation and soil water potential were collected
in two seed orchards. Four weather items, i.e. temperature, moisture, precipitation and
soil water potential were collected in Kasigau and Marimanti. Two weather items, 1.e.
temperature and moisture were collected in Voi, Yikituki, Makima, Gaciongo. This time
we downloaded the data from Sep. 2029 to Fe. 2020.
[Rseult]

There was a lot of rain fall during those days, and the meteorological observatory of
Kenya said the rain was an event happened once in several decades. Then the soil
water content was high and Melia tees could keep their leaves on it. The changes of
temperature, precipitation and soil water potential of Marimanti was shown in fig.1.2.
There were three records of over 100mm precipitation at Marimanti and there were

many rainy days.
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Fig.1,2 Changes of precipitation, temperature and soil water in Marimanti
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2.2. The growth of Melia clone at 7 years after planting in two seed orchards.

[Activityl

Tiva seed orchard was established in Oct.-Nov. 2012 and Kibwezi seed orchard was
established in Feb. 2013. The measurement of tree size of planted tree was conducted in
Jul.2013 and May 2014, respectively. This time, we conducted the third time
measurement of seven years old trees in Nov. 2019 and analyzed the data. The dada
used in this analysis was averaged of each clone in spite of irregular data size.

[Result]

The stem volume (D2H) put it from largest to smallest of Tiva and Kibwezi was shown in
fig.3 and fig. 4., and the comparison of stem volume of two sites was shown in fig.5.
There was a significant positive correlation between the volume of Tiva and Kibwezi
(fig.5). We can say that the fast growth clone can grow fast in different site and vice
versa. Especially, the growth of clone49 and clonel8 was splendid. There was also a
significant positive correlation between stem volume of 2 years and 7 years old tree

(fig.6). This result suggests that we can select the superior tree in young stage.

0.6
Tiva
0.5
0.4
I
~03
a
0.2
0.1
0
18 6 49 29 27 45 48 47 8 51 44 11 50 22 58 23 20 34 33 14 16 52 28 38 9 37 5942 7 4043 5 53 30 46 32 17 60 25 3 5513 26 57 54 2 4 24 19 56 3536 121541311039 1 21
0.35 > N
Kibwezi

0.3

0.25

0.2

0.15

0.1

0.05

49 18 48 51 22 20 59 47 6 44 27 50 40 58 13 34 37 14 28 42 38 32 11 60 23 29 8 1533 57 19 53 52 45 16 26 5 31 2 56 25 54 35 43 36 30 21 46 4 24 123910 9 4155 1 17 7 3

Fig.3, 4 Stem volume of each clone in Tiva and Kibwezi orchard
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D2H
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Fig.5 Comparison of stem volume between Fig.6 Comparison of stem volume between
Tiva and Kibwezi orchard. 7 years and 2 years in Tuva orchard.
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Appendix 5-2-7

(Internal work report)

Expertise Name Term

Drought Tolerance Dr. Koichiro Gyokusen Aug. 2021

(4-1-1) Development and application of drought tolerance indices related to the growth of Melia
(Kyushu university, Gyokusen)

1. Comparison of the growth pattern of superior and inferior clone (fig.1)

Stem volume growth of plus trees planted at Tiva and Kibwezi seed orchards was compared. The
superior clone could continue its growth under water stress, and the stem shrinkage of superior clone
under severe water stress was smaller than that of inferior clone. This result suggests that superior
clone has some physiological features to reduce the effect of water stress. Physiological parameters
related to water stress might be indexes for plus tree selection of Melia.

Tiva
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Kibwezi
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Supurior (n=11)

Inferior (n=9)

Figure 1 Seasonal stem growth pattern of superior and inferior clones.
The measurement was conducted in Tiva (upper figure) and Kibwezi
(lower figure) seed orchards. Superior clone was averaged of 11
individual trees (4 clones) and inferior clone was averaged of 9
individual trees (3 clones), respectively.
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2.

Comparison of the stem volume growth of plus trees planted at Tiva and Kibwezi seed

orchards (fig.2).

There was a significant positive correlation between the volume in Tiva and Klbwezi. This result
suggests that the selected superior or inferior clone has a genetically high or low growth ability.

3.

0.4

035 v =0.3887x + 0.0606
R?=0.5661
~ 03 ®
£ :
5
% 025
H e© ‘3‘.,. ®
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s ® g gaf® % °
s ° “®
S 0.15 o 9
: o ©
2 “. .
2 o1 @ e ©
)
0.05
0
0 0.1 0.2 03 0.4 05 06

Stem volume in Tiva (m3)

Figure 2 The comparison of stem volume between
Kibwezi and Tiva seed orchards.
Dots indicated the average of each clone.

Correlation between 2 years and 7 years stem volume in two seed orchards (fig.3)

There was a significant positive correlation between stem volume of 2 years and 7 years old. This
result suggests that we can select the superior clone in young stage.

D2H (2019)

0.6 0.6
Tiva ® Kibwezi
0.5 0.5
0.4 h"‘ 04
.&‘ E) y = 5.1678x + 0.0474
o 2
0.3 Q! (€] 803 R*=0.4407
“ I .
@ @ y = 6.0169x +0.02 a “®
* R? =0.6008 -
0.2 -0 9O ‘. 0.2 @
@ @o® )
®e
0.1 0.1
0 0
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
D2H (2014) D2H(2014)

Figure 3 The comparison of stem volume between 2 and 7 years in Tiva
and Kibwezi seed orchards.

A dot indicated the average of each clone. Left figure showed Tiva seed
orchard and left figure indicates Kibwezi seed orchard, respectively.
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4. Morphological characteristics of Melia seedling grown from open seed of superior and
inferior clone (fig.4).

Tree height (H) of superior clone was a little lower than that of inferior clone and the
stem diameter (D) of superior clone was a little larger than that of inferior clone. As a
result, the H/D ratio of superior clone was smaller than that of inferior clone. Seedlings
from 36 clones were compared, and the H/D of superior clone was smaller than that of inferior clones.
There is a possibility that H/D ratio of seedling is an available index for selecting the
Melia plus tree.

n=60 (36 clone)

0.09 y =-0.0013x|+ 0.0933

0.08 O @@ R?=0.2269
7 007 )
— 0.06
o
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=
o 0.04
>
€ 0.03
7]

2
v 0.02

0.01

0.0 10.0 20.0 30.0 40.0 50.0 60.0
H/D ratio

Figure 4 The relationship between stem volume of each clone and H/D ratio
of each seedling .

The stem volume was obtained at Tiva orchard after two years of planting .
The data of H/D were obtained with four times of experiments at Kitui nursery.
Each dot was obtained by average of 5-10 individual trees, and 60 family lines
(36 clones) were used for these experiments.

The H/D ratio of superior clone was smaller than that of inferior clone.

5. Classification of candidate plus tree into different drought tolerance levels (fig.6 and
table 1)

Stem volume rankings in two seed orchards were used for this analysis. The stem
volume ranking in Kibwezi seed orchard were deducted from that of Tiva seed orchard
(fig.6), and deducted values were divided it into five categories (Table. 1). The growth
index shown in table 1 was calculated by dividing the stem volume measured at 7 years

after planting in Tiva orchard into five categories.
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clone no.
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
30

20

10

-10

-20

-30

Rannking variations of stem volume between Tiva
and Kibwezi orchard

-40

Figure 5 Ranking variation of stem volume in Tiva and Kibwezi orchards.
The averaged stem volume of each clone obtained from Tiva and Kibwezi
seed orchards was used for evaluating the drought tolerance.

The drought index was calculated by dividing the ranking variation into five
categories.

Table 1 Growth and drought Indices of selected plus trees.

C bne no. 1 4 9 10 11 12 13 14 15 16 17 18 19 20
Growthhdex 1 2 2 2 3 5 3 6 3 1 5 1 2 4 1 4 2 5 1 4
Droughthdex 3 4 — 2 -1 1 4 2 3 5 1 1 5 5
C bne no. 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Growthhdex 1 4 4 2 2 2 5 4 5 3 1 3 4 4 1 1 3 4 1 3
Droughthdex 5 4 2 2 2 4 2 4 1 1 5 6§ 2 4 4 3 4 5
C bne no. 41 42 43 44 A5 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Growthhdex 1 3 3 5 5 3 65 6 65 4 5 4 3 2 2 1 2 4 3 2
Droughthdex 3 4 1 3 1 1 2 4 3 3 4 2 3 3 1 5 5 3 6 5

[ ] :recommended clone

The growth index was calculated by dividing the stem volume of each clone measured
at 7 years after planting in Tiva orchard into five categories.

The drought index was calculated by dividing the ranking variation (fig.5) into five
categories.

The recommended clone was selected as a clone which has indices more than 3 in
both items.
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