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2. Activities and results 
2.1. Set up of weather monitoring equipment 
The weather monitoring equipments were set up at Tiva and Kibwezi seed orchards 
(fig.1). Air temperature, humidity, solar radiation and precipitation sensors were 
attached to a small support tower (1.8m height) in each height with one data logger 
(fig.2). The soil moisture sensors were installed in 15cm, 30cm, 50cm, and 100cm soil 
depth and the data logger was put in a small box made of iron and wood (fig.2). Holes for 
sensor were dug using a handy drill (fig.2). 

 
 Fig.1 Weather monitoring equipments set up at Tiva and Kibwezi seed orchards. 
 

 
 Fig.2 Sensors attached to a small support tower, data logger for soil moisture put in a 
iron box, and holes for moisture sensor dug by handy drill. 

KibweziTiva

holes for soil moisture sensor

Data logger for soil moisture

precipitation

air temperature
and Humidity

data logger

solar radiation

           Fig.3 Changes of soil water potential for five days. 
Changes of soil water potential for five days measured by installed equipment were 
shown in fig.3. Soil water potential of 15cm, 30cm, 50cm, and 100cm depth at 5 days 
after the sensor installment, were -120 kPa (-1.2bars), -40kPa, -22kPa, and -22kPa, 
respectively. In spite of the dryness of the soil surface (15cm depth), inside of soil (30cm, 
50cm, and 10cm) were still wet. 
 
2.2 Growth phenology of Melia volkensii in Tiva nursery 
 [Activities] 
 To reveal the stem growth phenology of Melia.volkensii, we started to measure the 
stem growth of about 20 year old Melia trees in Tiva nursery at31th. August, 2012. The 
new data, logged by automatic dendrometer from 21th September, 2013 to 14th July, 
2014 were downloaded and analyzed. 
[Results] 
Seasonal changes of stem radius increment and precipitation were shown in fig.4. The 
stem growth of tree No.1 was shown as a representative data in fig.4. 

 
Fig4. Seasonal changes of stem radius increment of Melia volkensii growing in Tiva 
nursery. Precipitation data were collected at Tiva nursery manually. 
 
There were two times of stem increment in a year, namely, from March to May and from 
November to December. The beginning of stem increment was likely to be synchronized 
with the beginning of precipitation.. 
   
2.2. Physiological characteristic of superior and inferior clones 
[Activities] 
To reveal the physiological characteristics of superior and inferior clones, we started to 
measure the leaf and stem growth phenology of selected clones planted in Tiva seed 
orchard. Six sets of automatic camera and manual dendrometer were attached to target 
clones at 25th Nov. 2013.  ID40, 44, 49 and ID31, 39, 54 were selected as suitable clones 
for our measurement in the view of their distributions in the orchard.  
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[Results] 
Photos taken by automatic camera were shown in fig,5. Only photos of ID49 were 
available, because other cameras had changed their angles and then could not take 
continuous photos from same direction. ID49 did not fall its leaves even the dry period 
(from Feb. to Mar.). This time we could not detect the differences of leaf phenology 
between superior and inferior clones mainly because of camera troubles. However, as 
the cameras were repaired and reset in this time, I expect we can compare the 
differences in next dry season (from Jul. to Oct.).  
Fig.5. Photos taken by automatic camera continuously from 26th Nov. 2013 to 11th Jul. 
2014.   
About the stem growth measurement, the growth was too fast to measure. We asked our 

C/P to record the manual dendrometer in 2 weeks interval, but it grew more than 10mm 
in one month. It went over the maximum ability (12mm) within a short period. So, we 
asked C/P to record them in everyday and reset them over 10mm reading in the next 
stage.   
 
2.3. Growth ranking of plus trees planted in Tiva and KIbwezi seed orchard 
[Activities] 
Growth data collected in July 2013 and March 2014 were compared. The biggest tree 
(stem volume size (D2H) was used as an index of growth) of each clone in each block was 
used for this analysis. The ranking of each clone in each block was averaged and ranked 
from the top to the last. 

 
[Results] 
There was not a remarkable change in the ranking of superior clones at Tiva seed 
orchard except ID-8. The ranking of ID-8 in 2014 increased to the 4th from the 18th in 
2013. About the inferior clones, ID-56 changed its ranking from 50th to the last. Lots of 
trees died at Kibwezi seed orchard and in some clones all of the trees (five individual 
trees) planted in one block died (pink colored boxes in table 1), then it was difficult to 
compare the ranking of two sites directly. However the ranking of superior and inferior 
clones in both sites were similar, namely the superior clones at Tiva were superior at 
Kibwezi and the inferior clones at Tiva were inferior clones at Kibwezi. This result 
shows that the growth of superior and inferior clones selected here was determined 
mainly by genetic factors. Now, we can choose ID-49, 44, 18 as superior clones and ID-21, 
31, 39, 56 as inferior clones taking account of the ranking of both sites.  
 
2.4. Leaf water relations of Melia volkensii 
[Activities] 
Pressure volume curves of some trees were made and compared the water relations of 
Melia volkensii with those of other trees. Leaves of 5 tree species (Eucalyptus 
camaldulensis, Acacia tortilis, Gmelina arborea, Melia volkensii, Melia azedarach) 
planted at the nursery of Kitui center were used.  
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[Results] 
Pressure-volume curves of five trees and some characteristics obtained from these 
curves were shown in fig. 6 and table 2. Eucalyptus, Acacia, and Melia a. decreased 
the water potential rapidly with a small water loss, whereas Gmelia and Melia v. 
decreased the water potential at a slow space. This result shows that Eucalyptus, 
Acacia, and Melia a. have a hard cell wall compared with Gmelia and Melia v.. 
 

 
 
The order of water potential at the turgor loss ( tlp) was Eucalyptus<Acacia<Gmelia , 
Melia v.<Melia a. , and that of osmotic potential at full water ( osm) was 
Eucalyptus<Acacia<Gmelia<Melia a., Melia v.. These data show that Melia volkensii 
has not special advantageous characteristics of drought tolerance compared with other 
planting tree species. 
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1.1. Maintenance of PAM chlorophyll fluorometer 
[Activities] 
The previously introduced chlorophyll fluoromer (PAM fluorometer) was set up for the 
purpose of analyses in Tiva orchard. In chlorophyll fluorescence experiment a leaf has to 
be dark-adapted for at least 30 min prior to experiment to remove pre-history of 
illumination to the leaf. A dark-room was made enabling such a sensitive physiological 
experiment in the orchard. 
 
[Results] 
Chlorophyll fluorescence measurements can be conducted in the orchard without 
returning back to the KEFRI center in Kitui. This would allow us to obtain exact data, 
which is close to those in situ. 
 
1.2. Measurements of chlorophyll fluorescence 
[Activities] 
The chlorophyll fluorescence parameter Fv/Fm was measured and compared between 
leaves from superior and inferior clones. The parameter indicates the potential 
quantum yield of photosystem II, which reflects so called ‘the degree of soundness’ of 
photosynthesis of a leaf. The Fv/Fm value in a healthy leaf is normally from 0.8 to 0.85. 
 
[Results] 
As shown in Fig. 1, from the last November to this July, the values of Fv/Fm parameter 
were around 0.8 in young leaves in all the clones selected and there was no difference in 
the values between the superior and inferior clones. Somewhat small values were 
obtained in July in all the clones (Table 1). 

During the visit this time, we found a difference in a leaf color between the superior 
clone no. 49 and the inferior clone no. 54 in July (compare Figs. 2A and 2B). In the 
inferior clone no. 54, aged leaves have turned to yellow (in Fig. 2C, yellow/green or all 
yellow). In the superior clone no. 49, the corresponding leaves are still green, whereas 
some yellow spots were observed on the leaf surface (Fig. 2C, green/yellow spot). These 
observations suggest that the aged leaves in the inferior clone no.54 were more severely 
damaged than those in the superior clone no. 49. 

We will continue this monitoring. In August and September, a drought stress is the 
severest in the orchard area in a year. We may be able to obtain difference in Fv/Fm in 
young leaves between the superior and inferior clones, as we observed in leaf color in 
the aged leaves between the clones. 

 
  

C Green/yellow spot 

No. 49 

No. 54 

Yellow/green All yellow 

A, no. 54 B, no. 49 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Fv/Fm in leaves from the 
superior (No. 40, 44, and 49) and the 
inferior clones (No. 31, 39, and 54) of 
Melia volkensii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Phenology of leaves of the inferior clone no. 49 (A) and the superior clone no. 54 
(B). C, leaves from no. 49 (upper) and no. 54 (lower) 
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1.1. Leaf phenology of Melia clones 
[Activities] 

In Tiva orchard at the beginning of dry season (July 2014), we noticed a tendency 
that leaves of inferior trees turn to yellow and become senescent, but not in superior 
trees. We attempted to confirm this difference by observing leaves of Melia clones at the 
end of the dry season. 
 
[Results] 

 
Fig. 1 Leaf phenology of Melia clones in Kibwezi orchard. 
Examples were shown for the inferior clone no. 17 (A) 
and for the superior clone no. 59 (B). 
 
 

We compared 
superior (no. 40, 49, and 
59) and inferior clones (no. 
11, 17, and 36). As shown 
in Fig. 1, leaves were less 
in the inferior clone no. 17 
than in the superior clone 
no. 59. In the no. 17 
inferior clone, most of 
senescent leaves 
appeared to be shed in 
the dry season. In the no. 
59 superior clone, most 
leaves were remained in 
this dry season. This 
tendency appeared to 
roughly be applicable to 
many, not all, inferior and 
superior clones. The 
difference would explain, 
at least partly, rapid 
growth of superior clones, 
because carbon dioxide 
would be assimilated 
even in dry season in 
those leaves remained in 
the season. 
 
1.2. An analysis of 
drought tolerance of 
photosynthesis in Melia 
clones 
 [Activities] 

Tolerance of 
photosynthesis to 
environmental stresses 
was analyzed by 
measuring chlorophyll 
fluorescence. 
 
[Results] 
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Fig. 2 Estimation of tolerance of photosynthesis to environmental stresses. 
A leaf was dark adapted for at least 30 m before use, and was illuminated with a 
pulse of saturating light (1 s, > 5,000 mol E m-2s-1) (arrows). Changes of chlorophyll 
fluorescence were analyzed in the superior clones (A, no. 40, 49, and 59) and the 
inferior clones (B, no. 11, 17, and 36). Numbers in parenthesis a location of each 
clone in the orchard. 
 
 
 
 

Fig. 2 shows changes of chlorophyll fluorescence upon illumination of pulse of 
saturating light (Fig. 2). The decay of the fluorescence after switching off the pulse 
reflects a resistance of photosynthesis to environmental stresses, i.e., the capacity of 
electron drain to oxygen in electron transport chain in thylakoids. As shown in Fig. 2, 
the drop of fluorescence was faster in the superior clones (Fig. 2A) than in the inferior 
clones (Fig. 2B), suggesting that photosynthesis of the superior clones was more 
tolerant than that of the inferior clones. The superior clones tended not to shade leaves 
in the dry season in Kibwezi (Fig. 1). This trait may relate to the tolerance of 
photosynthesis. In addition, it would be worth noting that the decay in the superior 
clone no. 59 (Fig. 2A) was faster than many other indigenous plants in Kibwezi (data 
not shown), suggesting that the tolerance of photosynthesis in the clone is also 
relatively higher than those in other plans in there. This result supports the idea that 
the resistance of photosynthesis is responsible for Melia to adapt to dry conditions. 
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Fig. 2 Estimation of tolerance of photosynthesis to environmental stresses. 
A leaf was dark adapted for at least 30 m before use, and was illuminated with a 
pulse of saturating light (1 s, > 5,000 mol E m-2s-1) (arrows). Changes of chlorophyll 
fluorescence were analyzed in the superior clones (A, no. 40, 49, and 59) and the 
inferior clones (B, no. 11, 17, and 36). Numbers in parenthesis a location of each 
clone in the orchard. 
 
 
 
 

Fig. 2 shows changes of chlorophyll fluorescence upon illumination of pulse of 
saturating light (Fig. 2). The decay of the fluorescence after switching off the pulse 
reflects a resistance of photosynthesis to environmental stresses, i.e., the capacity of 
electron drain to oxygen in electron transport chain in thylakoids. As shown in Fig. 2, 
the drop of fluorescence was faster in the superior clones (Fig. 2A) than in the inferior 
clones (Fig. 2B), suggesting that photosynthesis of the superior clones was more 
tolerant than that of the inferior clones. The superior clones tended not to shade leaves 
in the dry season in Kibwezi (Fig. 1). This trait may relate to the tolerance of 
photosynthesis. In addition, it would be worth noting that the decay in the superior 
clone no. 59 (Fig. 2A) was faster than many other indigenous plants in Kibwezi (data 
not shown), suggesting that the tolerance of photosynthesis in the clone is also 
relatively higher than those in other plans in there. This result supports the idea that 
the resistance of photosynthesis is responsible for Melia to adapt to dry conditions. 
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                       2 : Drought tolerance

Duration 2015.02.07-02.15
9 DAYS

Member: Dr. Koichiro Gyokusen

AM PM

 Travel to Haneda

Departure (TOKYO/HANEDA) Arrival (NAIROBI)   

Travel to Kitui from Nairobi

Travel to Kibwezi
Travel to Kitui

02.12 (Thu.)

Travel to Nairobi from Tiva
02.13 (Fri.)

Departure (NAIROBI)

 Arrival (TOKYO/HANEDA)

 
 Travel to Fukuoka  

02.10 (Tue.)

Downloding dedro and
weather data at Tiva

Downloading weather  data
at Kibwezi

Analysis of dendro and
weather data

Preparation for
simposium with Mr.
Muchiri

Analysis of dendro and
weather data

 Short Term Experts  (Feb. 2015) 

02.07 (Sat.)

02.08 (Sun.)

02.09 (Mon.)

Preparation for
simposium with Mr.
Muchiri

Maintenance and repair
of dendrometer at Tiva

02.11 (Wed.)

02.14 (Sat.)

02.15 (Sun.)

 
2. Activities and results 
2.1. Download of data from both of weather station and soil water equipment 
[Activities] Weather data collected from July 2014 to Feb.2015 at Tiva and Kibwezi 
orchard were downloaded, and soil water data collected for same length were 
downloaded.  
[Results]  

 The average temperature of Kibwezi was generally higher than that of Tiva by 
10% (fig.1). 

 Precipitation trends inTiva and Kibwezi were similar but that of kibwezi 
occurred in two peaks during the month of November (fig.2) 

 Soil water status was better in Tiva than Kibwezi (fig.3) 
 Soil water status at 50cm and 100cm depth at tiva was stable during dry and 

wet season while at kibwezi the soil dry during the dry season (fig.3).  
 

Fig.1 Trends of average air temperature at Tiva and Kibwezi and precipitation at Tiva. 

 

 
Fig.2 Trends of precipitation at Tiva and Kibwezi orchard.  

a:Tuba, b: Kibwezi 
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Fig.3 Trends of soil water potential in Tiva and Kibwezi orchards. 
  
2.2 Download of data from the automatic-dendrometer at Tiva Pilot forest. 
 [Activities] 
  Stem growth data collected from July 2014 to Feb.2015 at Tiva-pilot-forest were 
downloaded, and the equipments were repaired.  
[Results] 

 The new data collected from Jul.,2014 to Feb.2015were added to the existing 
data collected from Oct.2012 to Jul., 2014 (fig.4). 

 Stem radius growth occurred at onset of rainfalls. However, the tree growth 
began just later of the beginning of rainfall. It means that Melia need a some 
level of rainfall to start its growth (fig.4).  

 There were two growth seasons for Melia volkensii in one year (fig.4).  
 The growth rate in Nov. was a little higher than that of Apr. (fig.4).  
 Two and a half growing patters were obtained until now. I think it better to 

continue the measurement for more a half year to sure this pattern is common. 
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     Fig.4 Stem growth (upper fig.) and stem growth rate (lower fig.)  trends of Melia 
volkensii growing at Tiva-pilot forest. 
 
2.3 Preparation and discussion for work shop being held in 18th Feb. 2015 
Mr. Muchiri and I had prepared the materials for the work shop being held in 18th Feb. 

for one and half days. Mr. Muchiri was going to make a presentation about the result on 
Wednesday (18th, Feb.). 
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2015 3  IAWPS International 
Symposium on Wood Science and Technology 2015 2  

IAWPS : International Association of Wood Products Societies 
2  

KEFRI_Forest Products 
Research Centre _ Karura  

2013 KEFRI
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2015  
 
(3)   
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(2012 12 ) 2015 8

2015 8  
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2 )
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6 (
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Appendix 4-3-11 ( DNA )
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DNA   2015.2.14 2.22 
 
1.  

 
 
2.  

3.  
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JCC

JICA

5

 
 
3-2.  (16 ) 

KEFRI (Kigomo Muturi Kamiri Musyoki Omondi Luvanda
Kariuki )

JICA ( )
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JCC Muturi
15

 
 
3-3. 17 18  

1

KEFRI KFS
ICRAF

JICA FTBC ( 1, 2)  
Muturi

( 3)
Kariuki

Omondi M. volkensii
Muchiri

1
Tiva 11 M.volkensii

( 4) 2014 12
( 5) M.volkensii

5 8 (  6)
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Luvanda
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Oduor M. volkensii Kigwa M. volkensii

Kamiri
M. volkensii

2

( 7)
( 8)  

 
 
3-4. JCC 18  

JCC( 9) Gideon Gathaara
JICA Muturi 26

27 ( 10) 27
2 15 4 30 KFS

 
JICA DNA

KFS

KEFRI
( 11)

 
JICA

OECD

 

KEFRI JICA ( 12)  
 
3-5.  (19 ;  ) 

( 13)
Tiva
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m

( 14)  
M. volkensii ( 15) 2005

KEFRI
4 4m 5 5m 6 6m

5 5m
KEFRI
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volkensii
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JICA JICA
REDD

JICA REDD

JICA
 

50

NHK

JICA
2
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JICA JICA

JICA

1
 

 
3-7. KEFRI  (20 ) 

Cikamai
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3-8. DNA  (20 ) 
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( 16)  
 
4.  

 
4-1.  

3-2 15

 
 

4-2. DNA  
DNA
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1:  2:  
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Muturi  
4: (
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5: Tiva  6: Tiva  

  
7:  8: 

 

  
9: JCC  10:  

11: JICA  12: JICA
KEFRI  
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