CHAPTER IV

N3
RESULTS b
Yv

4.1 Variability Profile

The oil palm germplasm from Senegal and Gambia exhit@@ coefficient of
variation to high coefficient of variation for the various ributes investigated

(Table 1). A high variance for fresh fruit bunch (FFB), teng, WQer LN),

. ) i i . N
mesocarp-to-fruit ratio (M/F), shell-to-fruit ra and Joil Id @ was
observed, whereas for the rest of the other trai |0\A{ m \fa,[‘}gion was

X
observed. \, W\ é
S WS

Table 1. Extent of Variation. \
& A S

Characters Coefficient of variation (%)
Yield traits 24.36 - 197.68
Bunch quality traits 0.69 - 85.06
\egetative traits 0.50 - 107.20
Physiological traits 0.76 - 34.30
Fatty acid composition 0-59.09
N ¢
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In determine with w combination type of the various agronomic traits the
% and Gambian oil palm germplasm would achieve high yield, PCA was
0 ormed. The result of the PCA therein explained the genetic diversity of the oil

palm germplasm.
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Table 2: Variability profile of Senegal and Gambian oil palm germplasm as analyzed
by descriptive statistics

ey
std. ‘

Parameter N Minimum Maximum Mean Deviation ria
FFB 44 24.36 197.68 84.59 33.40 4
BNO 44 8.82 25.16 18.45 3.40 *1. 8
ABW 44 2.75 13.26 4.62 2.06 23
BWT 44 0.90 13.81 4.12 2.24 5.03
MFW 44 1.93 12.50 3.03 1,95 3.80
MNW 44 1.24 2.50 1.61 oﬁ\) 0.05
PB 44 0.00 5.10 0.46 0.66
MF 44 28.09 85.06 38.02 20 125.36
KF 44 6.06 19.15 15.00 75 ' 7.56
SF 44 8.88 58.62 46.9 27 87
ODM 44 61.73 77.77 70.18 3.55 2.58

OWM 44 32.13 49.68 : 4,00 15',.993'

FB 44 47.63 65.63 : 385 | 1_%(23
OB 44 458 23.33 357 76
KB 44 3.49 11.53 ' 4 .90
oY 44 0.69 45.76 8.82 \ 7 Nt
KY 44 0.94 10.45 . 2.13 é 4.52
TEP 44 1.25 50.0 i 9'2044 84.62
FP 44 24.00 0 2. 5.45
PCS 44 8.98 32.8 17.27 4. 20.36
RL 44 3.20 5.33 \3&1? ~0:38 0.15
LL 44 74.55 7120 {\.86 34.31
LW 44 3.46 16 O ; Q::) 0.39 0.15
LN . 169.00 5.81 Q', 11.68 136.52
. 2.81 0.35 0.12

5,05 0.97 0.94

1 2 0.57 0.33

: 0.06 0.00

(30.70 0.06 0.00

13.01 1.65 2.73

6.59 2.76 7.63

12.26 2.35 5.51

18.85 4.17 17.40

0.34 0.09 0.01

0.87 0.13 0.02

12.37 1.63 2.65

0.50 0.15 0.02

39.22 2.33 5.43

0.15 0.10 0.01

5.15 0.81 0.65

44.77 3.05 9.28

0.88 1.25 1.56

: 0.19 0.09 0.01
20:0 0.12 0.07 0.00
1Y 42 53.27 59.09 56.26 1.50 2.26

Carotene 42 391.67 2405.88 1650.86 398.73 158987.16
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4.2.1 Scores Plot

The score plot explained the percentage variance associated with each{Ripal

component obtained by drawing a graph between eigenvalues G@incipal
component numbers. Nine principal components (PCs) exhibited eigenvalue of more

than one and accounted for 88% of variability and as a result,,thesenine PCs were

given due importance for further explanation (Figure 3).szh
variability with eigenvalue 11.20 in germplasm W@de rJased radually.
Elbow line is obtained after which after 4th PC tended to¥straight. thaty?l-ittle
by
variance could be observed in each PC and it e 9th PC withéyari i#iy of 3%
4 \/‘Z‘

and eigenvalue of 1.21. \
\‘f oy X

o
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22 oadings

he result of the PCA shown in Table 2 indicates the contribution of the various

agronomic traits across the extracted PCs.
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Table 3: Principal component analysis for Senegal and Gambia oil palm germplasm
based on 46 agronomic traits

Principal Component Axes

Traits 1 2 3 4 5 6 7
FFB -0.89 -0.29 -0.22 -0.09 -0.09 0.04 -0 0.13
BNO 022 -060  -0.65 -0.15 -0.08 -0.05 -o.% 0.14 -0.10
ABW 096 -0.07 0.13 0.00 -0.05 0.10 -0. 0.08 -0.01
BWT 096  -0.10 0.14 -0.10 0.07 0.05 0.03 -0.03
MFW -0.88  0.03 0.35 0.06 -0.04 0.27 ?.034 -0.04 -0.06
MNW 021 -014  -0.01 0.23 -0.26 0.7 02 0.20 0.04
P/B -0.83  0.06 0.24 -0.15 0.01 O.NO.B -0.19 -0.15
MI/F -0.84  -0.04 0.47 0.03 0.07 -0.03 -0.15 -0.03
KIF 0.66  -0.06 -0.25 -0.22 0.14 O.Q -0.32 -0.07 0.49
SIF 078  0.07 -0.48 0.03 -0.04 1 lo.15 0.20 -0.13
O/DM 039 -0.18 0.51 -0.10 -0 -0'55 0.14 -0.09 0.09
O/WM 039  -0.20 0.51 -0.09 0.0 0.5 W -0.21 0.11
F/B 024  -0.27 0.44 0.13 0.4 . §~6 0.19
o/B 075 -0.16 .(;% (_39 0 0.07
K/B 065  -0.16 . 20.12 0.52
oY 094  -0.14 -0.05 -0.04 -0.02
KY 030 -0.61 -0.47,"  0.06 0.25
TEP 094 -0.24 ovg -0.03 0.03
FP 0.09 -0.64 %*9 -0.21 0.22
PCS 045  0.78 .07 -0.06 0.12
RL 049  0.74 -0.11 -0.06 0.05
LL 026 043 . . -0.14 -0.06 0.17
LW 058  0.33 3 -0. -0.08 0.24 -0.13
047 051 26 0: 40,0 0.14 -0.20 0.29
0.08  -0.02 6 3 (_}).?.32 0.65 -0.14 -0.22
-0.74  0.60 17 0.04 003 -0.02 -0.01 0.12
-0.75  0.59 5 0.045¢)" 0.03 -0.02 -0.01 0.12
4%} -0 011  -010  -008  0.06
5 -0.06 -0.03 0.03 0.17
0.07 -0.15 0.07 0.19
0.02 -0.05 0.09 -0.06
-0.03 0.26 -0.17 0.16
0.00 0.12 -0.04 0.05
. 0.03 -0.12 0.15 -0.03
0. . -0.26 -0.03 0.19 -0.07 -0.04
\gg 43 (_-9.55 -0.31 -0.09 0.20 -0.08 -0.11
% ga2 “5039 001 017 022 030 006
17 0.4 0.76 -0.10 -0.09 0.02 -0.28 0.03
%0.09 -0: 0.45 0.30 -0.09 -0.04 0.02 -0.12
0.30" . -0.29 -0.30 -0.03 -0.44 -0.25 -0.35
0.16 ‘Q.'Il -0.73 0.33 0.20 0.05 0.24 -0.04
-0.22 “\0.27 0.49 -0.41 -0.28 0.12 0.04 0.25
-0.12 -0.63 0.31 -0.02 -0.06 -0.04 0.22 0.02
-0.05 -0.29 -0.24 -0.30 -0.33 -0.44 -0.10 -0.04
-0.06 0.46 -0.50 0.00 -0.06 0.26 0.52 0.29
rotene 0.06 -0.09 -0.12 0.56 0.34 0.19 -0.51 0.01
Eigénvalue 11.20 . 5.01 3.47 2.36 2.13 1.65 1.38 1.21
riance (%) 28 17 13 9 6 5 4 3 3
umulative (%) 28 45 58 67 73 78 82 85 88
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The most contributing agronomic traits to PC 1 with their corresponding eigenvector
in bracket were: FFB (-0.89), ABW (-0.96), BWT (-0.96), MFW (-0.88), P/B V!)

M/F (-0.84), S/F (0.78), K/F (0.66), O/B (-0.75), K/B (0.65), OY (0.66), @.94)
BDM (-0.89), TDM (-0.85), and e (-0.69). On PC 2, the most contri raits with

their corresponding eigenvector in bracket were BNO (-0.60), KY (-Ql), FP (-0.64),

PCS (0.78), RL (0.74), LA (0.60), DIAM (0.72). \/

86), KV (:059), LL (-

0.50), C16:1 (-0.55), and C18:3 (-0.63) were the most contributing . Thegmost
g N

contributing traits to PC 4, are PC 5, PC 6, , PC 8 and ﬁ:fﬁ their

Y-v

corresponding eigenvectors in bracket were: W(- 55),\C :0 (0.26), C18:1 (-

0.73), IV (-0.50): DIAM (-0.52), carotene (0.56): O/DWI (
(0.65): 1V (0.52), carotene (-0.51): an(m5 resp

Figure 4 is a PC loading plot an ; two

9 Q—
distribution of the various trN sp CM b@%s’erved from the graph that
each variable has a Iot’ng Rthe plol\./ajbtes @‘%g the vertical axis are the ones
ributi w

with the highest cont t rh{ hr@hose along the horizontal axis are

correlated to theé} IS lo visible o@ graph that some of the variables are
superimposed%w\ arilhér i 'om(fo the variables on the other hand are further
Sy D

apart on %Sit(}e

For PC 3 BNO (-0.65), O/DM (-0.51), O/WM (0.57), O/

o
2
2
&

tter plots showing the

Themﬁation loadings plot Q\ various traits in two dimensional axes is shown in

Fi x. The variables on the inner circle indicate 50% variance while those found on

Ue uter circle indicate 100% variance and they exhibit high contribution to PC 1.
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4.2.3 Scores

On the basis of the extracted PCs, the Senegal and Gambian oil palm germ&%ere

given scores (Table 3). Based on the first three PCs, the oil palm germﬂag@ith the

highest score on PC 1 was SSC 3 (-16.53). On the same PC, SEN 09.04, SEN 13.07,
SEN 02.08 and SEN 01.02 had scores -7.87, 4.83, 4.25 and -3.1 respZtiver. Lowest

score was recorded for SEN 07.03 (-0.03). As seen on PCYQEN 01.02 had the

highest score (5.96). GAM 05.08, SEN 02.08 and SEN 13.04 h lscore of -5.64,
5.04, and 4.57 respectively. PC 3 on the other hand, revealed that hi scmv?-vvas
recorded by SEN 01.02 (-8.83) while the least y SEN 10.0 JZH%% SEN
05.02 (-0.02). \, Y'

The scatter plot as displayed in F|g the tion_6f the Senegal and

Gambian oil palm germplasm on t d|m Si I . s/{b@erved from the plot,
the oil palm germplasm can be seé?grogps So e of tﬁ%on palm accessions are
r

P ssmns}{“!ée SSC 3, SEN 09.04, SEN

-9

closely packed while some are
01.02 and GAM 05.0 ly wﬂb}nmj oth cessions close to them. It can
also be observed th tb [ ¥h< di @;sed accessions out of all the other
accessions. Noti e rom-the graph as @s the center point of both the vertical

and horizontb}w ré’ depsepd |slf-rl)Jt|on of some of the accessions can be

observed %L'Eess}p found tth@omt are laid on top of one another.
a4

L %
42 ‘ Iot \c.}'

Cg.

%}l -plot shows the simultaneous distribution of the traits as well as the accessions

Qh the high scores for the traits (Figure 7). On the graph, it can be seen that the
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Senegal and Gambian the oil palm accessions are positioned close to the traits that

best portray them.

X
N

Table 4: Scores of the 42 Senegal-Gambian oil palm germplasm on t acted PCs
\')
Principal Components
Accessions PC-1 PC-2 PC-3 PC-4 PC-5 PC PC-7 PC-8 PC-9
GAM 05.02 1.29 -0.20 1.23 -1.77 1.03 7 67 -2.32 0.97
GAM 05.08 1.79 -5.64 2.19 1.67 2.79 : 39 -1.04 1.49
SEN 01.02 -3.11 5.96 -8.83 4.30 7 1.29 0.23
SEN 01.03 -0.57 0.09 0.49 -0.45 1. o 0§5, -0.44
SEN 02.01 0.12 0.72 -0.75 -0.57 -0.38 0,29 0.67
SEN 02.04 0.17 0.02 -0.21 -1.44 3' 156 0.29
SEN 02.05 012  -3.47 -1.48 -1.93 0.52 £0.28 0.43
SEN 02.06 0.37 -0.63 -2.06 -1.37 0.22\‘5~ 0.70 0.25
SEN 02.08 4.25 5.04 3.20 -0.54 0. -0.05 -1.42
SEN 02.09 0.70 -0.73 -1.73 -0:47 ﬁ -0.43 -1.10
SEN 03.03 0.43 0.42 -1.36 (ﬁ\) 60 -0.12 0.29
SEN 03.06 0.44 -0.49 -1.32 % -0.58 -1.80 -0.70
SEN 03.07 2.63 -1.70 0.20 m -1.58 -0.51 -0.62
SEN 04.01 1.48 0.73 -1.13 0.50 0.76
SEN 04.02 0.94 -1.58 -0.79 -0.65 -1.03
SEN 04.03 -0.79  -1.66 -1.34 1.54 1.31
SEN 05.01 0.53 -1.27 ) -2.31 0.78 0.71
SEN 05.02 -0.06 -3.63 % 3.49 0.43 1.13 1.63
SEN 05.03 -0.83 Q -1.28 -0.68 0.65 0.48
SEN 05.04 0.74 0.72 -0.94 0.37 -0.18
SEN 05.05 1.55 2.34 0.37 0.36 -0.38
SEN 05.08 0.61 -0.72 0.45 0.59 -2.26
SEN 06.01 0.41 55" £,-1.68 -1.54 -0.52 0.23 1.33
SEN 06.08 -0.12 -1.07 (_, 0.31 1.80 1.47 0.77 0.08
SEN 07.03 - -1.6 -0.44 0.01 0.59 0.40 1.08
SEN 07.04 -1.38 -0.12 0.51 -1.37 -1.07
SEN 07.05 0.00 -1.11 1.15 -1.94 -0.16
SEN 07.08 -0.24 -0.02 1.59 0.13 -0.80
SEN 08.02 -1.76 0.57 -1.87 0.19 -1.45
SEN 08.03 1.68 0.59 1.25 2.74 -1.17
SEN 08. 0.33 -0.82 3.11 0.27 -1.78
SENO R/ 0.09 -1.23 1.83 2.33 1.08
SEN 10%03 -0.69 -1.26 1.01 -0.50 1.26
SE . -1.16 -0.80 0.78 -0.53 -1.23
%1 2.07 -0.19 -0.63 -0.91 0.03 -0.60 0.59
2 2.42 -3.60 3.02 -1.15 -2.41 1.38 -1.04
.03 0.92 0.44 1.31 -1.83 1.00 -2.07 1.28
12.05 2.77 -2.21 -0.40 0.30 -0.09 0.22 2.56
N 13.01 2.45 -0.95 -3.10 2.52 -0.12 -2.35 0.44
EN 13.04 1.30 -1.31 -0.79 0.21 0.87 -0.14 0.99
SEN 13.07 4.83 431 -4.40 0.65 -2.49 0.92 -1.09
SSC 3 -16.53 -1.12 -0.23 1.23 -1.32 -1.60 -1.22
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4.3 Cluster Analysis

The dendrogram generated through Ward’s hierarchical method divided th %ﬁ-
Gambian accessions into six clusters (Figure 8). Cluster-1, cluster-II %ter-lll
comprised of only one accession each which include SEN 01.02, SEN 09.04 and SSC

EOZ 08, SEN

3 respectively. Cluster-1V had eight accessions which comprise

12.01, SEN 12.02, SEN 12.03, SEN 12.05, SEN 13.01, SE and SEN 13.07.

N WN 07.05,
the lar g«ou

Cluster-V had six accessions which consisted of GAM 05.

SEN 08.03, SEN 08.04, and SEN 10.03. Cluster-VI

NS
consisted of GAM 05.02, SEN 01.03, SEN 02.0148EN 02.04, SEN 5,' séanoz 06,
P 4
SEN 02.09, SEN 03.03, SEN 03.06, SEN 03, o?m 0404, SEN 04, on\_sEN 04.03,

SEN 05.01, SEN 05.03, SEN 05.04, SE SEN

SEN 07.03, SEN 07.04, SEN 07.08, SE 2, nd SE . O

Y
Means of the agronomic traits tha racterize in wdua@usters are presented in
Table 4. The germplasm group cluster= refledé%f by high fresh fruit bunch,
highest mean values f nume, qlgr{l} ell to fruit ratio, petiole cross
:
ry m

section, frond Iengt helg ve \% aé'}palmltlc acid, palmitoleic acid, and

o l

linoleic acid. §

Cluster-I1 h e con h| e nfzz r(\;aje of fresh fruit bunch, bunch weight, mean
frwt Wi socafp wt rat \0|I to dry mass, oil to wet mass, oil to bunch
ratl |eld total economlgefy uct, bunch dry mass and bunch index. This cluster

rded highest mean value for frond production and leaf area ration while it had

a!?ee
U st height value and carotene content.
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Cluster-111 was noted for having the highest mean value for most of the yield traits as
well as morpho-physiological traits. This cluster had highest mean value o ,
BWT, MFW, P/B, M/F, O/DM, O/WM, O/B, OY, TEP, LW, LA, L@DM,

TDM, BI, e, NAR and moderate values for fatty acid traits. A

Cluster-1V was characterized by lowest mean values for most % ield traits and

highest mean value of kernel to fruit ratio and trunk diam Iso noted in this

cluster was high shell to fruit ratio, petiole cross secti@nuwmoderme
leaflet length.

L 4
N4
| O
Cluster-V had moderate to high values of most traits,under study. The aq?ssions in
NV

therein also had highest mean value of fruit %zh ra(tj\ ﬁi\arotegrs tent.

Cluster-VI had medium to high value mat traits un tuddﬁey however had,

highest mean value for kernel yield@j[ichidic\d*aﬁ% @rotene content.
% @ >,
' &
N &0
Y' ' N
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Table 5: Characteristics means of six clusters generated by Ward’s cluster analysis
based on 46 agronomic traits

Cluster-1 Cluster--11 Cluster-111 Cluster-1V Cluster-V Cluster-VI

FFB 106.04 141.68 197.68 49.15 62.51 88.51
BNO 21.00 18.88 15.86 14.22 16.33 20.19
ABW 5.05 8.83 12.55 3.37 3.88 4.36
BWT 3.93 8.49 12.57 2.63 3.41 3.88
MFW 2.65 6.97 12.50 2.31 3.11 2.51
MNW 1.91 1.65 1.89 1.53 1.79 1.58
P/B 0.00 0.55 5.10 0.10 0.24 0.37
M/F 28.09 57.40 84.31 33.80 38.67 35.12
KIF 13.29 9.03 6.41 16.70 14.96 15.54
SIF 58.62 33.58 9.28 49.50 46.37 49.34
O/DM 61.73 75.15 77.37 68.49 70.43 70.33
O/WM 32.13 46.11 49.68 39.58 41.66 41.42
F/B 50.76 57.35 55.60 58.20 60.22 57.33
0/B 458 15.50 23.12 7.79 10.21 8.51
K/B 6.78 5.29 3.62 9.63 9.02 8.89
oY 4.86 27.17 45.76 3.36 7.12 7.57
KY 7.19 5.67 7.16 4.28 6.03 7.79
TEP 9.17 30.57 50.05 5.93 10.73 12.25
FP 30.00 33.50 28.14 28.80 31.76 31.74
PCS 29.52 17.88 27.53 20.13 12.87 16.01
RL 4.45 3.94 5.00 4.13 3.47 3.85
LL 107.20 88.54 88.86 86.60 80.08 86.44
LW 457 4.98 5.16 4.10 3.91 3.93
LN 136.00 125.50 158.07 130.73 121.34 122.35
HT 3.39 2.60 2.58 2.77 3.01 2.81
LA 7.59 6.40 8.28 5.24 4.36 4.74
LAI 4.49 3.79 4.90 3.10 2.58 2.81
DIAM 0.70 0.69 0.74 0.76 0.61 0.66
F 0.86 0.78 0.88 0.72 0.65 0.68
LAR 12.36 17.03 14.60 11.12 14.17 13.06
BDM 8.32 11.11 15.81 3.46 4.95 6.96
VDM 18.43 12.77 16.15 13.74 10.00 11.74
TDM 26.75 23.89 31.96 17.20 14.95 18.70
BI 0.31 0.45 0.49 0.19 0.32 0.37
E 1.00 0.96 1.18 0.77 0.74 0.89
11.46 11.76 12.88 10.81 11.25 13.15
0.30 1.13 0.52 0.36 0.65 0.49
44.76 39.74 38.69 37.18 40.27 39.40
0.53 0.10 0.13 0.12 0.12 0.16
2.20 4.03 5.32 5.70 4.89 5.20
43.45 41.52 45.07 47.42 42.85 44.56
8.16 13.29 9.94 8.93 10.91 9.86
0.60 0.10 0.18 0.17 0.18 0.19
0.00 0.07 0.12 0.10 0.08 0.14
53.58 59.09 56.58 56.82 56.34 56.05
“WyCarotene 1575.49 1421.42 1607.71 1624.35 1793.83 1638.94

“wFigures in bold are maximum values
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4.3.1 Genetic Distance

The genetic distance of all the oil palm germplasm as analyzed by the{%ity

matrix of squared Euclidean distance (see Appendix 1), revealed tt!t(@largest
genetic distance was between SEN 13.07 and SSC 3 (520.302) followed by SEN

02.08 and SSC 3 (454.034). The least distance was found be% N 02.06 and

SEN 07.08 (10.366). The inter cluster distance as shown in T also revealed that

the largest genetic distance was between cluster-111 and clust ( 5&.629 while the

least was between cluster-V and cluster-V1. ® Y.
\
O
Table 6: Inter cluster distance as analyzed by proximity mat‘iix f uaredrgjclidean

distance Y,
z \\ L\Y‘
. . . <
Case

1: Cluster-1 2: Cluster-11

1: Cluster-1 0.000 118.5@) . )gﬂ‘i‘z- 107.001 86.122
2: Cluster-11 118.586 89 63.147 56.828
3: Cluster-1ll  149.386 \4 442 158.627 126.870
4:Cluster-IV  99.44 W?gg 0.000 38.770 36.825
5: Cluster-V/ 107.00% 63,147 . 38.770 0.000 20.757

'56.8\ . 36.825 20.757 0.000

6: Cluster-VI KE\
b, |




