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Appendix 4-2-2  
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1. Stem growth phenology of Melia volkensii 
[Activities] 
 To reveal the stem growth phenology of M.volkensii, we attached nine manual and four 
automatic dendorometers to the stem of individual tree growing in Tiva pilot forest at 
31. August, 2012. The data of manual dendrometer were being collected in every two 
weeks by CP. (Miss Bala), and the data of automatic dendrometer were collected at the 
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time of my visit. The maintenance of dendrometer, i.e., battery, rubber, and rain cover 
exchange were also conducted during my stay in Kitui. 
 [Results] 
Seasonal changes of air 
temperature in Tiva pilot forest was 
shown in fig.1. Temperatures were 
higher around March and Oct. and 
lower around Feb. and Jul.. Stem 
growth patterns of nine trees from 
2012.9.1 to 2013.7.13 collected by 
the manual dendrometer were 
shown in fig.2. There were two 
growing seasons during these two 
years. The one is from the beginning 
of Nov. to the middle of Jan., and 
the other is from the end of March 
to the middle of May. In other 
seasons, there were no growth, but 
looked like to be shrunk (minus 
growth) in diameter.  
The stem growth patterns collected 
by automatic dendorometer were 
shown in fig3. Two of four 
dendrometers were not available by 
battery drain. The growth pattern of 
these trees was corresponded to 
those of fig.2. Two growing seasons 
and two dormancy seasons are 
obvious. In Fig.3, the amplitude of 
fluctuation means the extent of 
water stress. Large amplitudes were 
observed at the end of growing 
seasons. 
A conceptual diagram of seasonal 
stem growth pattern was drawn by 
using these two data (fig.4). The 
length of two growing season was 2.5 
month in each, and that of dormancy 
season was 1.5 month and 5.5month, 
respectively. 
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Fig. 1. Seasonal changes of air temperature in Tiva.
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Fig. 2. Stem growth pa rn of Melia volkensii
measured by manual dendrometer.
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Fig. 3. Stem growth pa ern of Melia volkensii
measured by automa c dendrometer.
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Fig.4.  Conceptual diagram of seasonal stem growth pa ern in Tiva. 
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2. Growth data of 60 plus trees planted in seed orchard 
[Activities] 
To reveal the growth characteristics of selected plus trees, we conducted field survey to 
measure the tree size. Stem diameter at 0.5m height and tree height of all planted trees 
in Tiva and Kibwezi seed orchard were measured. 
 
[Results] 
The outline of tree size was shown in table.1, 2. Averaged diameter, tree height, and 
D2H(parameter used as tree weight) are shown as growth characteristics. In addition to 
these data, the tree number infected by fungi was shown. 
The maximum clone in size was ID49 (diameter), ID40 (tree height), and ID49 (D2H) in 
Tiva seed orchard. The maximum clone in Kibwezi seed orchard was ID49 (diameter), 
ID40 (tree height), and ID40 (D2H). Two clones (ID40, ID49) showed high growth rates 
in both seed orchards. 
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The seed orchard was designed to have six replications, i.e. each clone was planted in 
six sites with 5 individuals. To select the superior clones (which have high growth rate) 
and inferior clones (which have low growth rate), we compared the growth of each clone 
in six replications. The D2H was used as an index in this analysis. The ranking of each 
clone in each replication was calculated and averaged (table 3). It is likely that the high 
ranking clones had high ranking in all sites, and low ranking clones had low ranking in 
all sites (fig.5). 
 We used the average of all tree (Ave.), average of the 3 largest tree (Top3), and the 
largest tree (Top1) to rank them, and selected the maximum and minimum 8 clones as 
superior and inferior clones (table 4). Clones which were selected as 8 clones in each 
category were listed in table 4. 
 Clones which ranking was within 8 in both of three categories and two seed orchards 
were selected as candidate for superior and inferior clones. 
As a result, ID18, 27, 40, 44, 49 were selected as superior clone, and ID1, 31, 39, 54 were 
selected as inferior clone. 
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Fig. 5. Ranking of each clone in six replication site.
Ranking of Ave. in Tiva seed orchard is used for 
this figure. 

p1
P2  
p3
p4
p5
p6

  

ID averaged
ranking

49 1 2 2 10 5 1 4
29 3 3 3 1 9 8 5
40 6 9 6 3 8 4 6
52 2 6 7 8 1 19 7
18 9 5 1 11 10 11 8
27 5 16 13 2 12 5 9
44 4 4 8 6 13 22 10
58 7 10 16 4 4 33 12
53 14 15 26 20 17 2 16
45 15 12 18 18 20 13 16
8 37 22 12 14 3 14 17
6 24 1 23 16 14 25 17
22 28 11 9 28 19 9 17
12 10 46 4 41 2 3 18
34 13 24 17 13 24 17 18
47 21 7 40 19 22 6 19
28 34 13 10 29 6 39 22
43 17 8 38 5 46 21 23
14 27 20 5 42 16 28 23
59 35 14 21 36 21 12 23
48 8 35 37 25 31 7 24
51 32 26 11 22 26 29 24
10 20 29 41 7 18 38 26
17 36 30 25 21 15 27 26
11 30 25 22 47 25 10 27
35 45 23 14 37 29 15 27
37 49 18 29 17 41 20 29
16 18 17 55 12 43 32 30
13 29 34 35 34 27 37 33
20 12 28 45 35 45 31 33
7 25 32 34 9 56 43 33
3 11 21 51 40 32 45 33
38 23 43 42 15 28 52 34
15 48 50 20 26 53 16 36
26 39 58 19 27 40 30 36
50 19 47 50 43 35 23 36
32 40 33 15 46 36 50 37
5 33 19 39 23 50 58 37
41 42 37 54 31 34 24 37
9 50 40 24 50 11 48 37
4 38 38 27 55 30 36 37
25 44 49 43 38 38 18 38
24 22 44 33 24 55 53 39
60 55 57 53 30 7 34 39
46 26 45 52 49 23 46 40
30 41 31 36 52 59 26 41
21 52 27 31 54 37 49 42
42 31 39 47 51 44 41 42
36 53 41 32 48 52 35 44
55 51 54 28 32 51 47 44
56 16 55 48 44 54 51 45
57 43 36 57 39 49 44 45
33 54 48 30 58 42 42 46
39 46 42 46 45 48 55 47
2 47 53 44 53 33 56 48
23 59 56 56 33 57 54 53
19 57 51 49 60 47 59 54
54 56 52 58 59 58 40 54
1 60 59 60 57 39 60 56
31 58 60 59 56 60 57 58
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ID Code Transect Altitude (m) Ave. Top3 Top1 Ave. Top3 Top1 Ave. Top3 Top1 Ave. Top3 Top1

01001 VM-4 Voi-Mwatate 733 2 3 5 3 7 7

01002 VM-5 Voi-Mwatate 732 6 6
01003 VM-6 Voi-Mwatate 731
01004 VM-9 Voi-Mwatate 757
01005 VM-7 Voi-Mwatate 709
01006 VM-8 Voi-Mwatate 746 7 6

01007 VM-1 Voi-Mwatate 902
01008 VM-3 Voi-Mwatate 904
01009 VM-10 Voi-Mwatate 878
01010 VM-2A Voi-Mwatate 852
01011 KT-2 Katulani-Kavisuni 1043
01012 KT-1 Katulani-Kavisuni 1024 8 8

01013 KT-3 Katulani-Kavisuni 976
01014 KT-4 Katulani-Kavisuni 969
01015 KT-5 Katulani-Kavisuni 1044
01016 KT-6 Katulani-Kavisuni 906 8 8

01017 KT-7 Katulani-Kavisuni 930
01018 KT-8 Katulani-Kavisuni 1042 5 6 6 3 3 3

01019 MTA-10 Mutha-Inyali 643 4 4 3

01020 MTA-7 Mutha-Inyali 628
01021 MTA-15 Mutha-Inyali 557 7

01022 MTA-9 Mutha-Inyali 557
01023 MTA-6 Mutha-Inyali 649 5 5 6

01024 MTA-8 Mutha-Inyali 527 5

01025 MTA-12 Mutha-Inyali 537  
01026 MWA-2S Mwea Special 1097
01027 EMBD-2 Embu-Dams 1096 6 3 4 6 5 4

01028 MWA-1S Mwea Special 1099 8 7 6 5

01029 TSK-2 Mwingi-Tseikuru 2 2 2 8 7

01030 TSK-4 Mwingi-Tseikuru 934
01031 TSK-1 Mwingi-Tseikuru 1 1 1 2 5 6

01032 TSK-3 Mwingi-Tseikuru 646
01033 TSK-6 Mwingi-Tseikuru 960 8 7 8

01034 TSK-5 Mwingi-Tseikuru 983
01035 EmbD-7 Embu-Dams 1195 3 4

01036 EmbD-8 Embu-Dams 1186
01037 EmbD-6 Embu-Dams 1183 8 6

01038 EmbD-3 Embu-Dams 1138
01039 KT-10 Katulani-Kavisuni 1152 7 8 4 4 4 3

01040 KT-9 Katulani-Kavisuni 1128 3 4 7 1 1 1

01041 NUU-5 Mwingi-Nuu 672
01042 NUU-6 Mwingi-Nuu 664 6 2 1

01043 NUU-2 Mwingi-Nuu 656
01044 NUU-1 Mwingi-Nuu 641 7 5 5 2 2 5

01045 TSK-8 Mwingi-Tseikuru 992
01046 TSK-7 Mwingi-Tseikuru 991
01047 MTA-5 Mutha-Inyali 521  
01048 MTA-4 Mutha-Inyali 542 5 7 8

01049 MTA-11 Mutha-Inyali 510 1 1 1 4 4 2

01050 EmbIG-11 Embu-Ishiara-Gatunga 3
01051 EmbIG-6 Embu-Ishiara-Gatunga 850
01052 EmbIG-13 Embu-Ishiara-Gatunga 600 4 7 3

01053 EmbIG-7 Embu-Ishiara-Gatunga 792
01054 EmbIG-12 Embu-Ishiara-Gatunga 660 3 2 2 1 1 2

01055 EmbIG-5 Embu-Ishiara-Gatunga 789
01056 EmbD-5 Embu-Dams 1154
01057 EmbIG-10 Embu-Ishiara-Gatunga 708
01058 EmbIG-4N Embu-Ishiara-Gatunga 704 8
01059 EmbD-4 Embu-Dams 1131
01060 EmbIG-3 Embu-Ishiara-Gatunga 698

Candidate for superior clone

Cndidate for inferior clone

Table 4.  List of superior and inferior candidate clones
Inferior

Tiva Kibwezi Tiva Kibwezi

Superior
3. Dispersal of disease tree 
[Activities] 
A lots of trees planted in seed orchard were infected by some kind of disease. The color of 
stem skin near the ground turned brown and produced gum-like latex on its surface 
(photo1). To reveal the number of infected tree and distribution of infected tree in seed 
orchard, we conducted field survey. Additionally, we treated the infected trees by 
fungicide (photo 2). ‘Toppujin M peisuto (Japanese name)’was used as a fungicide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
[Results] 

Infected ratio 
The infected ratios in Tiva and Kibwezi were 11.9% and 6.0%, respectively. The 
fluctuation ranges of infected ratio among clones were 36.4%-0.0%, 16.7%-0.0% in Tiva 
and Kibwezi, respectively. Clones of high infected ratio in Tiva did not necessarily 
correspond to those in Kibwezi. Clones of high infected ratio did not necessarily show a 
high ratio in all replication site (data were not shown). 

Photo 1. Appearance of the infected tree.
a: skin color turned to brown, b:gum production

a b

Photo2. Treatment of infected tree by fungicide
a: infected part, b: removal of the infected part, c: application of fungicide

a b c
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. Distribution 
The infected trees were not randomly distributed. They were concentrated in some part 
of the seed orchard. The infected tree distributed on the upper part of Fig.6 in Tiva, and 
on the left and upper part of fig.7 in Kibwezi. These distribution patterns indicate that 
the fungi, which seemed to be the cause of this disease came not from the seedling 
(nursery) but from the planted site. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6. Distribution map of infected and dead tree in Tiva seed orcharad 
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Fig7. Distribution map of infected and dead tree in Kibwezi seed orcharad 
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Fig.10.  H/D ratio changes of five useful tree species
planted in the Kitui center

0

10

20

30

40

50

60

Time (month)

L
itt

er
 f

al
l (

g)

J F M A M J J

Fig.11.  Litter fall changes of five useful tree species
planted in the Kitui center

4. Growth characteristics of Melia volkensii 
[Activities] 
To compare the growth characteristics of Melia volkensii with other useful tree species, 
we planted the seedlings of 5 tree species (i.e. Melia volkensii, Melia azedarach, 
Eucalyptus camaldulensisi, Gmeina arborea, and Vitex payos) in Kitui center at Oct. 
2012. Tree size (stem diameter and tree height) and the weight of litter fall had been 
collected in every two weeks.  
[Results] 
Tree height, diameter at 10cm height from ground level, and H/D ratio were shown in 
fig. 8, 9, 10, respectively. The ranking of tree height was E.c.>M.v=G.a>M.a.>V.p. and 
the ranking of diameter was G.a.>E.c.>M.a.>M.v.>V.p.. Tree height and diameter were 
not corresponded, then the H/D ratio was E.c.>=M.v.>G.a.>V.p.>=M.a.. About the litter 
fall (fig.11), there was not apparent difference among species so far.  
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Fig.9.  Stem diameter changes of five useful tree species
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5. Set up of pressure chamber 
[Activities] 
A newly equipped pressure chamber was set up. We tried to connect the new chamber to 
the old air bomb, which was already equipped in Kitui center.  
[Results] 
Air bombs and compressor were already equipped in Kitui center (photo 3). The newly 
equipped pressure chamber could connect with the air bomb without problem (photo 4). 
However, the compressor was needed to be cleaned with the oil, I requested to the center 
to change oil and clean the oil room. 
Mr. Kigwa (C.P.) tried to use it (photo 5), and finally comfirmed there was no problem to 
use the new pressure chamber in Kitui center. 
 

 
 

 
 
 
 
  

Photo 3. Air bomb and compressor already
equipped  in Kitui center

Photo 4. Air bomb and pressure chamber 
connection

Photo 5 Measurement of xylem water potential
using the newly introduced  pressure chamber.
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Appendix 4-2-3  
   
  H25.7.22 7.28 
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Appendix 4-2-4  
    
   H25.7.22 7.31 
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Appendix 4-2-5  
   

  H25.8.21 9.2 
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Appendix 4-2-6  
   
  H25.8.21 9.6 
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Area 2 3 4 5

kitui
Tiva_KEFRI Field 
Station

Mutha_Farm Ikutha_Farm Nguni_Farm

Kibwezi
Kibwezi_University
of Nairobi

Wote_KARI Masongaleni_KARI Kiboko_Farm
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_Primary School
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Voi_White House 
Academy
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University of 
Nairobi
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KARI : Kenya Agricultural Research Institute 
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Appendix 4-2-7  
   
  H25.8.21 9.2 
  H25.8.21 9.2 
  H25.8.21 9.2 
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Appendix 4-2-8  
   
  H25.11.18 11.27 
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1.1. Stem growth phenology of Melia volkensii in Tiva pilot forest 
[Activities] 
 To reveal the stem growth phenology of Melia.volkensii, we attached ten manual and 
four automatic dendorometers to stem of Melia trees growing in Tiva pilot forest at 31th. 
August, 2012. We continued collecting data and could get one year dataset (from Aug. 
2012 to Nov. 2013) of tree growth. I detached five manual dendrometers and moved 
them to the newly established seed orchard in this time to start a new measurement, 
but four manual dendrometers and four automatic dendrometers were remained there 
to continue the measurement. About the automatic dendrometers, two individual trees 
of four attached trees fell down in the cause of a heavy rain in Nov. I detached all 
dendrometers and reset them to another three trees.     
[Results] 
Seasonal changes of stem growth and leaf phenology were shown in fig.1. The stem 
growth of tree No.1 of automatic dendrometer was shown as a representative data. 
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Fig1. Leaf and stem growth phenology of Melia volkensii growing in Tiva forest station  
The line thickness means the extent of fluctuation of stem shrinkage.  
 
There were two times of leaf fall and leaf flushing seasons in one year. The leaf fall took 
place during Jan.-Mar. and Jul.- Oct., and leaf flushing took place during Apr.-Jul. and 
Nov. - Jan.. There were also two times of stem growth seasons in one year, and they 
were corresponded to leaf phenology. Stem continued to grow during the leaf flushing 
seasons and stopped it’s growth during leaf fall seasons. The fluctuation magnitude of 
stem shrinkage which assumed to be an index of water stress became large in Jan. and 
May. It is recommended that these two months are available for drought tolerant 
research activity.  
1.2. Physiological characteristic of superior and inferior clones 
[Activities] 
To reveal the physiological characteristics of superior and inferior clones, we started to 
measure the leaf phenology and stem growth phenology of several clones planted in 
Tiva seeed orchard. Six sets of automatic camera and manual dendrometer were 
attached to target clones, and data loggers for soil water and air temperature 
measurement were equipped (fig.2).  
[Results] 
We chose the target clones from Block2 and 3 of Seed orchard in Tiva (fig.3) because of 
the convenience of electricity and security. ID18, 27, 40, 44, 49 and ID1, 31, 39, 54 were 
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Fig.2 Set up of some equipments in Tiva        Fig.3 Location of selected blocks 
    
 
 
already selected as superior and inferior clones, respectively, from the previous survey. 
ID40, 44, 49 and ID31, 39, 54 were chosen newly in this survey in view of the 
distribution pattern. We tried to find the target clones which were planted as neighbors 
and easy to set up the equipments. Tree size distribution of chosen clones in Block2, 3 
was shown in fig.4. 
 

 
      Fig.4 Size distribution of chosen clones. Arrows show the target trees. 
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Appendix 4-2-9  
   
  H25.11.18 11.27 
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2.6. Set up of PAM chlorophyll fluorometer 
[Activities] 
A newly equipped chlorophyll fluoromer (PAM fluorometer) was set up. The control 
software (Wincontrol) was installed to PC and connection between PAM and PC was 
established. 
 
[Results] 
LED light sources, fiber optics, cables, leaf clip, etc. were all checked. Measurements of 
chlorophyll fluorescence can be conducted successfully. 
 
2.7. 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] 
The values of Fv/Fm parameter were 0.82-0.85 in all the clones selected (Table 1) and 
there was no difference in the values between the superior and inferior clones (three 
clones each). We are planning to continue this comparison for the coming year including 

dry seasons. 
 
Table 1. Values of the Fv/Fm parameter in superior and inferior clones of Melia 
volkensii 
Category Line (address) Fv/Fm ave. s.d. 

Superior 40 (23-15) 0.832 0.822 0.839 0.831 0.008 

 49 (23-14) 0.825 0.834 0.831 0.830 0.005 

 18 (23-13) 0.831 0.826 0.825 0.827 0.003 

Inferior 31 (23-12) 0.822 0.818 0.827 0.822 0.005 

 54 (29-15) 0.827 0.836 0.825 0.829 0.006 

 39 (38-15) 0.844 0.845 0.849 0.846 0.003 
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Appendix 4-2-10  
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Appendix 4-2-11  
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Appendix 4-2-13  
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