CHAPTER V \z

CLUSTERING OF THE MPOB-NIGERIAN OIL PALM G*LASM

5.1 INTRODUCTION V

Genetic diversity is the variation in the genetic constitu oiindividuals within or

among species and it is the cornerstone of the ability isms t&adju changes

@
in their environment through natural selection. Crop tic divefsity i clt or@-raw
material for industrial agriculture but is of utmos portagee¥to od sazurity and
N
\suitedggir own site

I.,gﬁ). According to

the major aim in cross-
N

pollinated crops for which hybri vel@pme qr pQ ion improvement are

netiaé‘r"(ability is requisite to attain

sustainable agriculture as it enables farmegs to gglapt

specific ecological needs and culturx%ns (SI
n of

Kumar and Singh (2006), exploitaf te a

&
Characterization ;Kﬁetic virl\y and &Stimate of the genetic relationship
ec

among varietie& cial : Fedir@%gram Also, getting accurate estimates
of genetic '%/ leyels nJg\(r;glasm sources may enhance efficiency of
breedin Y to in{) Jop s%‘é\es (Singh et al., 2008). Plant breeding deals with
highmng genotypes and @ tal selection is the first step in any plant breeding
% and this can be done using different selection methods based on the parent
rmance. Multivariate analysis is one of these methods that can be used in the

Q;Iection program (Singh et al., 2008).
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Cluster analysis is a multivariate statistical technique that has emerged as one of the
leading methods of multivariate analysis due to its usefulness (Kettenring, ZT
was originally developed for biological classification and its main aim in% ysis
of data from plant breeding trials is to group the varieties into seveﬂNwogenous
groups such that those varieties within a group have a similar respoYp.attern across
the locations (Kroonenberg et al., 1995). The resultant from cMter analysis are

usually pictured in the form of hierarchical trees; also cal (lgram (Siracli et

al., 2013). Cluster analysis has been well utilized to ify di pr species.

Y
Hayati et al. (2004) made use of cluster analysis to claS$igy 723 dccessi n' (@’palm

et% als@a Cluster

X

mh‘A 'ancq@ﬂ
9

from 26 populations into three main clusters.
analysis in grouping 330 oil palms origind es into three

major clusters. \:,
The main goals of this chapter 0 us: ndly as)ib classify the variation
Eal

pattern in the MPOB-Nigeri\ m | ,“a 4& identify the germplasm

accessions with high geneti ity th maxgmize r@sis.
QM) N

5.2 MATERIALS % (‘JO
5.2.1 Plant Breegding WiateM 40

C
The Mala@icul ral

Instit | Palm R eargh ( R) in 1973 jointly made collections of oil palm

L)

h&aﬂd Development (MARDI) and the Nigerian

N
ge% terials in Nigeria to Woaden the genetic base of the oil palm. The Nigerian
germplasm was collected at 45 sites (45 populations) (See Table 1, Figure 1),

Oh an average of 20 palms per site and 200 seeds per palm. A total of 919 (595

duras and 324 teneras) open-pollinated bunches were harvested during this collection
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(Rajanaidu & Rao, 1987). The prospected oil palm breeding materials were planted

using eight cubic lattice design on September, 1975 and identified as Tria

(Rajanaidu & Rao, 1987) at the MPOB Station at Kluang, Malaysi@«g is
characterized by Rengam soil series and a rainfall of about 2500 wowever,

only the dura Nigerian oil palm breeding materials were selected for¥7esearch.

5.2.2 Data Collection Yv

Data collections were carried out for bunch vyie ch qquonents,
- - - - - - - ‘
morphological traits, physiological traits and fatty composition. 7 prggjgﬁres
for these traits are presented in APPENDIX A - D. 2 Y-
\ Y\',

frai sQre standardized to

5.2.3 Standardization V:

Prior to performing cluster analysis orNtase{@

a mean of zero and a standard v:laE)n of%
@ 94
eas en (JOI@OOZ). The average of the

quantitative was standar, izc?ﬁg the’rorm al(l\geé\oft Office Excel, 2010);
)
- &

ni

@e the biasness due to

dissimilar magnitude of the uAgs

o3

()

G tandard deviation of the distribution
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5.2.4 Cluster Analysis

The standardized data were subjected to two hierarchical clustering analysi{iods;

single linkage clustering analysis (SLCA) and minimum variance metS%VARD
AM

(1963) with the aid of “THE UNSCRAMBLER®X” software (C software
version 10.1). The theory behind clustering is an expectedgpositye relationship

between the variables Euclidean distance and the similarity o servations. As a

ucI'd'Kanéstance of
observations within a cluster, and maximizing the Eyclidea®dist@nce en %ﬂers
(Vural & Karasu, 2007). The single linkage (Sn%) whigh i anI'ém rative
N s o
hierarchical method merges groups based on thw mw e betv@# objects in
two groups; therefore the distance betweeCWrs R a'lﬁd i defi@:

d, (R Q)=icz,T5d (i, 1) \T ,;\
) n': Y' S
where, d(i, j) is the distance b th j

result, cluster analysis is driven between minimizin

(8)

€l

n':t% at is, it minimizes the sum of

The ward’s method o izg an obje,tive
squares within grouq axl S Su squares between groups. Ward’s
method is simil&h Iin@thod@hat it begins with N clusters, each
containing oq t, Wl Offf i?'th does not use cluster distances to group

objects. &,’the tgtal Jvithin
‘vt
determ next two roups@

S (SSE) is defined (for nhtivariate data) as:
S=s

@ster sum of squares (SSE) is computed to
d

at each step of the algorithm. The error sum of

SSE:ZZ(yij _7)2 (9)

i-1 j=1
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where y;; is the " object in the i™ Cluster and n; is the number of objects in the i

Cluster. T

Clustering was performed separately based on all the 43 variable % yield
components and bunch components; vegetative and physiological s well as

traits;
fatty acid traits of the MPOB-Nigerian germplasm materials. z

5.3 RESULTS i '

5.3.1 Clustering of MPOB-Nigerian Oil Palm Popula Baged 0

‘ariables
| S
5.3.1.1 Single Linkage Clustering (SLCA) 2 ‘k

<
The 44 MPOB-Nigerian oil palm populatio% orﬁ 3 tra@&e classified
into eight groups using single linka % algorl e ogram resulting

4.8.and 6 were singleton

from the analysis is presented in Figure 6a. Cl &
with one population each (2.27 % ;Wm:h in ges R@OZ, NGA 19, NGA 12,
NGA 25, NGA 34 and NGA 1 ct’v er 7{1&1 ains 34 populations (77.27

, 09201 @14, 15, 16, 17, 18, 20, 21, 22,

P 4
37, 3@& 44 and NGA 45. The last cluster,

IS
Cluster 8 contair& ou uletions E!é@ %) namely: NGA 39, NGA 40, NGA
N\, |
41 and NGA 6) / ‘P2 .9

&
The m@ of’dﬁe)r‘n C|U§. s for all the variables are given in Table 13a.

CIuAhowed high mean @s for MNW, SF, IV and C18:1. Cluster 2 had high

\Iues for M/F and C18:0. Cluster 3 also showed high mean values for FFB,

%) namely: NGA 03, @, 05,96, 07,0

23, 26, 27. 28, 29, 3Q 31, 37,

, MFW, OWM, OB, QY, KY, TEP, LL, LN, BDM, TDM, BI, e, f, NAR and
16:0. Cluster 4 had high mean values for ABW, FB, PCS, HT and VDM. Cluster 5

also had high mean values for C12:0, C14:0 and C18:2. Cluster 6 showed high mean
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values for ODM, RL, LW, LA, LAI, DIAM, LAR and f while Cluster 8 had high

mean values for K/F, K/B, FP and HT. Y~
5.3.1.2 Ward Hierarchical Clustering (WHCA) :%

The 44 oil palm populations based 43 variables were classified into oups using

Ward’s hierarchical algorithm as shown in Figure 6b. Clustewntains a single

population (2.27 %) and includes NGA 12. Cluster 2 co insWo populations (4.55

%) namely: NGA 02 and NGA 19. There were eleve tions i% 3 (25 %)
@

namely: NGA 09, 10, 11, 25, 27, 28, 30, 31, 32,$NGA .C tT 4@&3%

five populations (11.36 %) namely: NGA 13, 14 4, an(}N A4S CIWr 5 also
contains eleven populations (25 %) which id%dmgA %B,\O?, 0 \,,21, 22, 23,
35, 36, and NGA 38. Seven populati n% in C 15.9180) namely: NGA
15, 16, 17, 18, 26, 29, and NGA her t?s ’\Lngopulations (9.09 %)
namely; NGA 39, 40, 41 and NG Hluqem%al:s&' e populations (6.82 %)

4. \A

The mean values of % cluste‘rJfor l‘!h iables are given in Table 13b.

Cluster 1 showed @mearlv or Fgééﬁo, PB, MF, OWM, OB, OY, KY,
TEP, LN, BDN , B , C129" and C16:0. Cluster 2 had high mean
values for | %) an Cl‘ e c—%dso had high mean values for MFW, MNW
and FB@Z had’ an v?a_?efor C16:1. Cluster 5 showed high mean values

for APCS, LL, LW, HT, \'LAI, VDM and f. Cluster 6 also showed high mean

and includes NGA 01, 03 and

/é’*'

Y ODM while Cluster 7 on the other hand showed high mean values for KF,

Q, B, FP, C14:0 and C18:2. The last group, Cluster 8 showed high mean values for
L, DIAM, LAR and f.
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The least genetic distance was between NGA 08 and NGA 23 (2.272) as shown in the
proximity matrix of Euclidean distance (APPENDIX E1) while the highestw

distance was between NGA 12 and NGA 41 (19.326), followed by NGA %X\IGA
42 (19.302). ‘&

5.3.2 Clustering of Oil Palm Populations Based on Yield and% omponents

5.3.2.1 Single Linkage Clustering Method (SLCA) q

Single linkage Clustering of the MPOB-Nigerian oil p op aMgd on the

Y-
a dengrog |'1 @e 7a.
: rst 67. %) and
on eagh nar@mGA 12 and

st c@ised thirty-eight
populations (86.36 %) which inclu%;A 02&~$

5
, 80, @2 3, 34, 35, 36, 37, 38,
&

ised& populations (9.09 %) which

43, 44, and NGA 45. The % 0
include NGA 39, 40, % . The fea \?'u different clusters for yield and

yield componentwn in '[a : %
&

\
Cluster 1 sho Nh lygs 'EIB,C%ND, MFW, PB, MF, OWM, OB, OY, KY

: e“\%‘/ 08, 09, 11, 13, 14,
N
.3

and TEP. had figh Jal@e f &DM. Cluster 3 on the other hand showed high
’ S
valuesgo and F hi’g CI\L'Rer 4 showed high values for KF, SF and KB.
9

Mard’s Hierarchical Cluster Analysis (WHCA)

Qm d’s hierarchical cluster analysis based on yield, yield components and bunch
omponents resulted in four visible clusters as shown in the dendrogram (Figure 7b).

The first cluster comprised seven populations (15.91 %) which include NGA 01, 02,
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03, 04, 43, 44, and NGA 45. The second cluster (61.36 %), which is the largest
contains twenty-seven members namely: NGA 05, 06, 07, 08, 09, 10, 11, 13

20, 21, 22, 23, 25, 26, 27, 28, 29, 30, 31, 32 33, 35, 36, 37, and NGA @\hlrd
cluster comprised six populations (13.64 %) namely: NGA 12, 14 ﬁ&ﬁ 19 and
NGA 34. The last cluster contains four populations (9.09 %) namelv 39, 40, 41,

and NGA 42.

The mean values of different clusters for yield and po elts are given in

Table 14b. Cluster 2 showed mean high values fgr A
Cluster 3 showed high mean values for FFB, P M,

while Cluster 4 showed high mean values for B F, S

As revealed by the proximity matrix f ean

in 8EENDIX E2, the

least genetic distance was between A G (0_\1) while the highest
genetic distance was between NG ndﬂ\l A4 13. , followed by NGA 37
and NGA 42 (13.415). ¥ \A%

gzg/& Vegetative and Physiological

5.3.3 Clustering of O%w opula ;)-r}

7

Traits '
& $
5.3.3.1 Smgle%Ne lugter jSLQ&/

The 44@)@?6?} ed \18 morpho-physiological traits were classified

into t& usters using the le Imkage clustering method. The dendrogram

C

from the analysis is shown graphically in Figure 8a. Cluster 1 contains a
e population (2.27 %); NGA 14. The second cluster had the highest number of
ulatlons (86.64 %) with 39 members. The members include NGA 01, 02, 03, 04,

05, 06, 07, 08, 09, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27, 28, 29,
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30, 31, 32, 33, 34, 35, 36, 37, 38, 43, 44 and NGA 45. There were four populations in
cluster 4 (9.09 %) namely: NGA 39, 40, 41 and NGA 42. The mean values of dv!m
clusters for vegetative and physiological traits are given in Table 15@&’ 1
showed high mean values for PCS, RL, LL, LW, LN, LA, LAI, DIAMSRAR, BDM,
TDM, BI, e and f. Cluster 2 on the other hand showed high mean vamr VDM and
NAR while cluster 3 showed high mean values for FP and HT. \'
oy

l

%’@cal

The MPOB-Nigerian oil populations based on the @&Vegetativie an i
traits were also classified into three clusters using Wgard’s pet od #The @rogram

Y
Mhe rg@f number of

5.3.3.2 Ward’s Hierarchical Cluster Analysis (WHCA

from the Ward’s method is shown in Figure 8b.§luster

members with twenty-eight populatio@) n
23,2

06, 07, 08, 09, 10, 11, 14, 20, 21, 2 , 23, % 0 %@2, 33, 35, 36, 37 and
ulgions (2¥27 (@mely: NGA 12, 13, 15,

NG | h ].m‘Qgroup, cluster 3 had four

GA4L, 02, 03, 04, 05,

NGA 38. Cluster 2 comprised twe
16, 17, 18, 19, 26, 34, 43,

populations (9.09 %) @ thég includgfNG 3?@ and 42. The mean values of
vegettit

different clusters fxgj \Y; hni sio{(é}el traits are given in Table 15b.
Cluster 1 showei% ea 'alu for PthL, LL, LW, LN, LA, LAI, DIAM,

\
VDM, TDM,@CI stéh 2 y!ad ﬁ&}mean values for LN, LAR, BDM, Bl and
NAR whj &!r 3}hji r@rvalues for FP and HT.
Y

>

S Qin the proximity m&' of Euclidean distance in APPENDIX E3, the least

g \iistance based on the 18 vegetative and physiological traits was between NGA

@ d NGA 38 (1.008) while the highest genetic distance was between NGA 14 and
1 (14.554), followed by NGA 20 and NGA 41 (14.544).
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5.3.4 Clustering of Oil Palm Populations Based on Fatty Acid Composition

5.3.4.1 Single Linkage Clustering Method (SLCA) \i

The 44 MPOB-Nigerian oil palm populations were classified into thre%g based

on the oil quality traits. The dendrogram resulting from this analy: resented in

Figure 9a. The first Cluster was a singleton (2.27 %) with just I\M as its member.

(QRS %‘ with forty-one

1,12,43, 1 , 16, 17,

The second Cluster had the highest number of populatio

members namely: NGA 01, 03, 04, 05, 06, 07, 08, 0

@
18, 20, 21, 22, 23, 26, 27, 28, 29, 30, 31, 32, 33, 34,9§,.36, 37, 38, 3 (} 4%’, , 43,
44 and NGA 45. The last Cluster had two populati 4.55 y)) nd cludv\lGA 02
\ N
and NGA 19. X

The mean values for different CIustN}tty acid are@/ n in Table 16a.

Cluster 2 had high mean values fo%:o, C14:\Ci%¥0 % 6:1 while Cluster 3
c%i O

had high mean values for 1V, C g‘l u &

5.3.4.1 Ward’s Hierar icvster nal SI(@)

'3 s

The oil palm popu@s er uped@f) three clusters using the Ward’s
clustering meth &res h@gr om the analysis is presented in Figure
9b. Cluster 1 éhi e%@f’n&ﬁéﬁs with thirty-seven populations (84.09 %)
namely@r, 03:0#0

4
23, 25, 28, 30, 31, 32, 3&736, 37,40, 41, 42, 43, 44 and NGA 45. Cluster 2

A

e

A O@, 09, 10, 11, 13, 14, 15, 16, 17, 18, 20, 21, 22,

N
Ned five populations (11.36 %) which include NGA 12, 29, 34, 38 and NGA

: gcmster 3 comprised only two populations (4.55 %) namely: NGA 02 and NGA
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The mean values for different clusters for fatty acid traits are given in Table 16b.
Cluster 1 showed high mean values for C16:1. Cluster 2 had high mean va

C12:0, C14:0, C16:0 and C18:2 while cluster 3 had high mean values f%\l&o

and C18:1. -&
As revealed in the proximity matrix of Euclidean distance in%&mx E4, the

least genetic distance based on the fatty acid traits was betwee 16 and NGA 43
(0.686) while the highest genetic distance was betwee A 1:' and, NGA 19
11.465), followed by NGA 02 and NGA 12 (11.458), \do
( ) y ( \Y'

| O
5.4 DISCUSSION 2 Y'

\ N

Samples will be grouped in terms of their egs or sﬂTiIa (HOi%?gt al., 2011).

Based on the number of clusters N IS, @ is no standard
procedure or best criterion to de%xe the e\\ e(‘\%f clusters needed in

A
grouping data (Singh et al., 20% etal., 19 ).ﬂhzs@nber of clusters selected
was based on the PC mo@ F1t rmole, tv@stering methods were used
because a single clusigg ethod migh 29! b&lways optimal and efficient in
4 &

revealing genetic @ions '
et al. (1998), it'\ot ssib

¢

adi ‘%(Wasanna, 2003). According to Beebe
the shape g sterg, ther

uring an

wha\é‘kﬁamge method works best as it depends on

r@,' uﬂ'gg more than one method is recommended if

Y
the aim 1E%rn asdh ossi‘Da‘rom the data.

Yv

N
Si@xage clustering an?l(;f!is (SLCA) was selected from the agglomerative

% types because it has been reported to be a better technique in that it adequately

Ovides a clearer and more informative display of relative positions of the genotypes

(Aremu et al., 2007: Aliyu & Fawole, 2001). Ward’s method was also used because it
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has generally been considered to be very efficient and the most common approach to

doing hierarchical clustering analysis (Siracli et al., 2013: Ferreira & Hitchcoc s

Kumar & Singh, 2006). %\
5.4.1 Clustering Based on All variables v

In the clustering of all variables, both SLCA and WHCA diw some ways in
assigning populations to groups. NGA 02 and NGA 19 w er.singly in different
clusters as indicated by SLCA while both were place same clyster g#’shown by
Ward’s method. These two populations as proved bygeae PCA rgsults d'hi;'égxl(-)res

for iodine value (1V), stearic acid (C18:0) and oleicagid (Cl?l L Ingdditi GA 02

N
el i Q@T-plot of all
in é‘ﬁ@parate cluster as

ere also singleton in

has high percentage of shell-to-fruit conte% as e

variables in Figure 3. This may be t\% GA
GA 25

shown by SLCA. Also, NGA 34
separate clusters which was not so rd’@ metho quus@ had the highest values

for lauric acid (C12:0) and myMagic'aci - nce_ﬁ?reason for being separated

out from other membec. N 25 on the ot r.ha@d the lowest value for linoleic
GA h h

acid (C18:1) Whilek ue“@‘BNO and FB. NGA 12 was both
&g

placed in separa ter bwpot CA@ Ward’s method; this population had

highest vaIue%\ld dPyi g!)'mpﬁ%a'ﬁts except in fatty acid content, which is

also evid &hig? 1 gCores @is population. NGA 39, NGA 40, NGA 41 and
fﬁl 4

NGA

e placed In the (s‘e,)mx.clusters by both clustering methods and these
P, ions had the lowest values yield and its component and it is also evident from

r high scores for traits that are anti-correlated with high yield traits. Hence, when
Oecting genotypes to be included in the hybridization programme on the basis of
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genetic diversity, high cluster means for yield and its components should be given due

importance (Kumar & Singh, 2006). T
5.4.2 Clustering Based on Yield and Bunch Components :%

Both SLCA and Ward’s method also differ in the assigning of mem! groups. In
SLCA, NGA 12 and NGA 01 were placed singly in groups whil®g§ ard’s method;

NGA 12 was placed in the same clusters with NGA 14, 15416, Q and NGA 34 - these

populations are high yielding population as evidence he resw and also

@
from the same region as indicated in Table 1. NGA the othgr ha as Qg&& in

Ky

the same cluster with NGA 02, 03, 04, 43, 44 an : The?e op tions?ave high
N

values for shell-to-fruit (S/F) and kernel-%x cog\ B) as Vg evidenced
[

from the PCA results. From the score % gu

=

opul&igons are clustered

around each other but NGA 02 wa e the\members which may

N

N
S . N 39, 41, and NGA 42 were
NG 1

Yy CA.h‘ﬁ Ward’s methods. These

be the reason it was placed in sin

placed together in the same
N

populations have the Icest glues forgyieldg@ng b component variables and also

were collected froKth a \a@ N‘ . Other cluster members have

intermediate val&r yie 'and nch@)onents. It could be concluded that

highest mean@ B O‘?\/’K/IF(% OY, KY, TEP from cluster 1 according
to SLC %he}t eayf v ue@br yield from cluster 2 according to Ward’s
Vj 4
0

metho be selected as pa&&- for hybridization program. Ashafaq et al. (2012)

)
Mgested genotypes of r&that could be used for identification of high yielding

oé genotypes.
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5.4.3 Clustering Based on Vegetative and Physiological Traits

The results of Clustering from both SLCA and Ward’s method were als@;
NGA 39, 40, 41 and NGA 42 were placed in the same group by wtering
algorithms and members of this group have produced the highest nhumber®of fronds
(FP). SLCA grouped NGA 14 in a separate group while other p uMwere put in
the same group. This was different in Ward’s method as NGATS placed in cluster

1, has members in this group have high values for most ot ar'al‘les that account

for most variation in the vegetative and physiological traWs asjprov, itheQZCA

results. In addition, cluster 2 which comprised o 2,13, 15,

Sin th@roup have

roven sy the bi-plot of

34, 43, 44 and 45 as grouped by the Ward’s mWan
high values for bunch index (BI) and Ieatwo

PCA for vegetative and physiologicm. Hence,

lowest trunk diameter, highest | % high%

q
and f from Cluster 1 and C& of%f}A @Ward’s method could be
selected for hybridizationWm. 1:17 nds@mur (2009) reported similar
9 o/

,gxg ) 3
w
o
<
—
o
<
w
o

pattern in lime. F 4

544 Clusterin@n F@Cor{@tion

¢ ! C—)
Grouping o mugers algo diffegs B‘y @ methods, but in both methods NGA 02 and
N
NGA 1% lacedi ‘5ame ‘E&ters as these two populations have the highest

val jodine value, steari@(ClS:O) and oleic acid (C18:1). These populations
c%&elected in breeding for these particular oil quality traits. Also NGA 25 was

la®ed singly in a cluster by SLCA because this population had the lowest value for
noleic acid (C18:2). Grouping by Ward’s method was different, Cluster 1 which had

the highest number of members comprised of populations almost same values for fatty
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acids traits, while Cluster 2 comprised of NGA 12, 29, 34, 38 and NGA 39. From the
PCA biplot for fatty acid traits in Figure 5e, these populations can be seen closv
another and members in this cluster have high values for lauric acid \ and
myristic acid (C14:0). Hence, for breeding for good oil quality palmsﬁ&ions with

high mean values for fatty acid traits can be selected. Khan et al. (20 ound similar

trend in safflower. \'

Of the two clustering methods, Ward’s method was more 1 WIhK'th:gults from
the PCA than single linkage clustering method. Mary rese®cher§ hay; for the
g g g m\ﬁ'

efficacy of Ward’s method in clustering. Blash# 1976) conp flmé@pes of
S X
H‘N@ ) averaq%lnkage and

Ward’s method) for accuracy in recovﬁWiginaﬂpo tion ﬁers. Cohen’s

statistic was used to measure the acc of _the clu

\ ing Qhods and Ward’s
method performed significantly b n tﬁh@ te @rocedures. Hands and

q
Everitt (1987) also compared& ierarcigal ¢ steri&g&:hniques (single linkage,

complete linkage, averageWe, c’ntro’ ndo).@d’s method) on multivariate
( ? Z (

binary data and disco¥Credj)that We I”Qg was the best overall than other

hierarchical met@n&:@tchc (2009) also confirmed that Ward’s
method was Nthe est, Kew e@gan and Cooper (1980) who found that
& s’

single lin tefNniqug W. ast < ctive while Ward’s methods gave the best
b 4

overal wy. Ku{n Sing§;006) in addition, identified Ward’s method as
N

th stering solution fofé@uping of the inbred lines.

: &5 Genetic Distance

ohammadi and Prasanna (2003) stated that analysis of genetic relations in crop

hierarchical clustering methods (single linkage, et

species is a significant component of crop species, as it serves to provide information
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about genetic diversity and also a platform for stratified sampling of breeding
populations. Genetic diversity can be analyzed at different in crop plants; in I
genotypes such as inbred lines, pure lines or clone, populations, asm
accessions, and species (Mohammadi & Prasanna, 2003). Genetic di ccording
to Nei (1973) “is that difference between two entities that can be de by allelic

variation”. This was further detailed by him (1987) as “the eziteMene differences

between populations or species that is measured by umclrical quantity”.

Euclidean or straight line measure of distance is the com OW statistical
@

method for calculating distance between individua notypgs or. F#H@S) by

morphological data (Ferreira & Hitchcock, 200 mmadh ann@OB).

Y-
:\/ar' d

Eug' showed that
the populations NGA 12 and NGA 4 th@e

grouped in different clusters foll l\’l;tz%w N

“

The proximity matrix of Euclidean dista MII th es s
enetQistance and were

2 which were also in

different clusters. For the K db q Ilty&‘&)onents, highest genetic
the least was between 3@. g he highest genetic distance for the
vegetative and ph#si ica
&
1) T?él‘east genetic distance for these traits was
'3
eefNGQg\Z and NGA 19 followed by NGA 02 and NGA
N

distance was between NGAYHU N(14 42 IOW@ NGA 37 and NGA 42 while
Q@ ng.j
as ben@en NGA 14 and NGA 41 and was
followed by 0 agd l\l
encounterﬁ A6 Bnd 38. Also, for the fatty acid traits, highest
geneti we was’b&)
12& e least genetic distAng€ was between NGA 16 and NGA 43,

erent clusters while those with the least genetic distances belong to the same

:‘ %m this study, populations with highest genetic distance between them were in

clusters. In view of this, it can be anticipated that crossing between morphologically
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distant populations will result to maximum degree of heterosis (Odewale et al., 2012;
Singh et al.,, 2008; Mohammadi & Prasanna, 2003). Hence, the use o

populations for breeding programs should be given utmost importance f@mum
heterosis as it is expected to produce new recombinants with desire cters and
high hybrid vigor. On the other hand, crossing between populati(Wh the least
genetic distance between them should be avoided (Odewale e%' 2a). Odewale et

al. (2012b) observed similar result in coconut germplasm! ver,'it was stated by

Rahim et al. (2010) that genotypes with minimum di e be ew could be
Y
used for backcross breeding program. ' 3

. | s %
Furthermore, hybridization between populaﬂon?!ffere\&{ ers m@ﬂgh cluster
mean will result into palms which will p Ntter thin pa?ﬁ\(Kumar etal.,
?r'

2010). Therefore, populations from the

m&fll
include NGA 12 and Clusters 6 :%Iu%a%l

34 as grouped by Ward’s me& hich s

like yield, yield compone oil be used in future breeding
|
programme to recomb

se ch e .J(L@r et al. (2010) similar results in

O

advanced breedin Mf gro‘ndn %
L
According to%\n agd Al- 'r 9), higher inter and intra cluster distances

iable Clusters 1 which

jab)

I Mters and within the clusters. The high level of genetic variability encountered
iIs MPOB-Nigerian oil palm germplasm was also confirmed in the research of

Ikifli et al. (2012). They found out that this Nigerian germplasm showed the highest
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number of alleles per locus and had the highest number of rare alleles, a high

percentage of polymorphic loci and high heterozygosity. T
Genetic diversity is usually associated with geographical diversit benetic
ion :R

diversity is not necessarily directly related with geographical distriQut ahman &
Al-Mansur, 2009). In this study, grouping of the populations by% clustering did

not follow a particular group. Some populations from sa gon were grouped

er. TlQagests that
e TReugh
e\s
nd géaraphic
il
.@fklfll et al.
tanii%d geographic

together while others from different areas were clustered

(2012) also found a strong associ tior‘%}wn

location in evaluation of MPOB oil geympla opul@w. However, the

S
absence of association between g ist%n ebg @! location in this study

4
suggests that the populations | ereng)ﬂ ha\g&etic similarity and could
have been derived from the?sbreety iaI&.éhir etal., 2013) or the random
(

distribution of populatiofis Jpto varje sprg&rom different geographic location

raphiceg#uence such as exchange of breeding

implicates that drj }&er th‘n ge
&
material, gen M n ur.al aitifiei‘guelections are responsible for diversity as
b ’
U

reported y ang Afnaghal 966). These findings also follow the same

patter wudies '(;n pflik undnut (Kumar et al. 2010; Makinde & Ariyo,
R

NV
rcane (Tahir et a@013), lime (Rahman & Al-Mansur, 2009), sesame

20\
%JS & Uzun, 2010), safflower (Khan et al., 2009), coconut (Odewale et al.,

012), soybean (Igbal et al., 2008) and other crops.
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5.5 CONCLUSION

Cluster analysis as a multivariate analysis has proven as a useful tools in awgr of

ways. Firstly, it has helped to group the oil palm accessions into grghed on

similarity. Secondly, it has helped to identify populations that can best be*combined
for specific traits. Lastly, populations that are genetically distan@;ﬁ other have
been identified and these can be used for selection of oil p?with hybrid vigor.
Populations with good amount of genetic divergent (NGA! d dA 41: NGA 12

N 12,
, g
al ueé\a d can

be used to derive superior offspring. The rewr ﬁ\_ﬁowed no

from different

and NGA 02; NGA 12 and NGA 19) and superior,agronsmic ghar

NGA 14, NGA 15, NGA 16, NGA 19 and NG
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Figure 6: Dendrograms of 44 MPOB-Nigerian oil palm germplasm based on all 43
characters of bunch (a) Single linkage Cluster method; (b) Ward Clustering method
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Table 13a: SLCA Cluster means of all variables in MPOB-Nigerian oil palm

germplasm
Traits Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster g CNister
1 2 3 4 5 6 7
FFB 136.62 | 153.07 | 190.29 | 151.94 | 153.64 | 145.25 | 15 02.07
BNO 13.79 12.57 17.23 12.71 13.72 15.34 15.33

ABW 10.29 12.48 11.22 12.81 11.65 9.84 12.4 7.02
MFW 8.91 7.47 9.69 9.63 8.68 8.77 v 6.68
MNW 5.29 3.78 4.96 5.11 4.62 4.94 4 4.08
PB 1.96 3.45 5.08 2.32 2.76 . .39 2.58
MF 40.71 49.33 48.55 46.97 46.72 45.79 38.86

KF 12.81 11.67 12.24 11.97 13.16 12.31 15.58

SF 46.48 39.00 39.22 41.06 40.12 1.90 45.56

ODM | 7232 | 73.83 | 75.07 | 74.86 | 74. \ 74634 73.26
H&g‘ 48.56
9% T oRZ2

OB 12.08 15.80 16.13 15.54

KB 8.10 7.29 7.41 7.74
oY 16.43 23.86 30.21 23.71

OWM | 4514 | 4858 | 5057 | 49.26
.53
;9.93
N 12.89

KY 10.96 10.97 13.86 11.81

FB 65.34 | 66.03 | 6544 | 67.08
2¥p- | 10.22
. 19.03
42 | 3067

TEP 23.01 | 3044 | 3852 30Qp\,A
FP 28.20 | 25.98 | 25.64 %
8

PCS 14.47 14.96 15.69 10.39
RL 4.34 4.67 4.67 b 3.57
LL 79.43 84.25 85.8 68.86

LW 4.31 4.36 . . . 4 3.85
LN 154.86 | 157.34 . : 159.41 | 147.71
HT 1.05 1.10 1.33
LA 6.08 6.69 4.52
LAI 3.60 3.96 2.68
DIAM 0.71 0.64
LAR 20.62 19.65
8.10
7.10
15.20
0.53
0.75
0.66
11.18
54.14
0.99
1.39
38.79
0.03
5.94
41.09
10.69

* Figures in bold indicates maximum value
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Table 13b: Ward’s Cluster means of all variables in MPOB-Nigerian oil palm

germplasm

Traits Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster IUster

1 2 3 4 5 6 7
FFB 190.29 | 144.85 | 157.06 | 160.31 | 151.50 | 159.63 | 102 5.86
BNO 17.23 13.18 13.19 13.98 12.08 13.64 1& 14.32
ABW 11.22 11.39 12.45 11.98 13.15 12.16 7.02 10.62
MFW 9.69 8.19 10.24 9.02 9.71 9.26 W 9.00
MNW 4,96 4.54 5.46 5.03 5.37 4.82 8 5.16
PB 5.08 2.71 2.26 2.24 2.22 2.81\@.58 1.82
MF 48.55 45,02 46.72 44.27 44.74 ] 38.86 42.65
KF 12.24 12.24 11.61 13.90 12.50 15.58 12.10
SF 39.22 42.74 41.68 41.83 42.76 45.56 45.25
ODM 75.07 73.08 75.22 73.51 74. . \7'3.2 74.24
OWM 50.57 46.86 49.15 47.50 48.63 . 43 48,69
FB 65.44 | 6569 | 6748 | 67.14 | 66 66.69] | 642 ,&% 5
OB 16.13 | 1394 | 1552 | 14.13 15.75F '5d |\ T®.57
KB 7.41 7.69 7.57 9.02 ' T4/l .93 . 7.71
oYy 30.21 20.15 24.48 22.70 4 25. 12.89)0 19.84
KY | 1386 | 10.96 | 11.90 . ﬁ . 11.36
TEP 38.52 26.73 31.63 26.66
FP 25.64 27.09 28.26 27.76
PCS 15.69 14.71 16.33 15.91
RL 4.67 451 4,78
LL 85.88 81.84 85.15
LW 4.24 4.34 . 4.63
LN 162.64 | 156.10 147.71 | 159.36
HT 1.02 1.07 1.33 1.18
LA 6.78 6.38 452 7.18
LAI 4.02 3.78 2.68 4.25
DIAM 0.67 0.64 0.73
LAR 21.86 19.65 22.32
BDM 15.22 8.10 11.70
VDM 7.96 7.10 9.04
23.18 15.20 20.74
0.53 0.56
0.75 0.80
0.66 0.83
11.18 9.58
54.14 54.50
0.99 0.41
1.39 1.14
38.79 39.15
0.03 0.11
5.94 6.14
41.09 41.34
10.69 10.64

* Figures in bold indicates maximum value
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Figure 7: Dendrograms of 44 MPOB-Nigerian oil palm germplasm based on 17 yield
and bunch quality traits (a) Single linkage Cluster analysis; (b) Ward Clustering
method
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Table 14a: SLCA Cluster means of yield and yield components in MPOB-Nigerian
oil palm germplasm

Traits Cluster 1 Cluster 2 Cluster 3 Cluster
FFB 190.29 145.25 155.14 102,
BNO 17.23 15.34 13.09 1
ABW 11.22 9.84 12.41 &
MFW 9.69 8.77 9.58 6.68
MNW 4,96 4,94 5.20
PB 5.08 2.55
MF 48.55 43.62
KF 12.24 12.10
SF 39.22 44.27
ODM 75.07 75.28
OWM 50.57 50.05
FB 65.44 63.68
OB 16.13 13.87
KB 7.41 7.41
oYy 30.21 20.24
KY 13.86 10.91
TEP 38.52 26.79

* Figures in bold indicates maxim

Table 14b: Ward’s Cluster me

oil palm germplasm

ts in MPOB-Nigerian

>

Traits Cluster 4
FFB 102.07
BNO ? 15.33
ABW ‘ 7.02
MFW N . 6.68
MNW& . 4.08
PB : 2.58
38.86
15.58
45.56
73.26
M 48.56
FB 66.42
OB 12.53
KB 9.93
oy 12.89
KY 10.22
TEP 19.03

* Figures in bold indicates maximum value
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Figure 8: Dendrograms of 44 MPOB-Nigerian oil palm germplasm based on 18
vegetative and physiological traits (a) Single linkage Cluster analysis; (b) Ward
Clustering method
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Table 15a: SLCA Cluster means of vegetative and physiological traits in MPOB-
Nigerian oil palm germplasm

Traits Cluster 1 Cluster 2 Cluster
FP 26.83 27.47
PCS 16.50 16.16
RL 4.88 4.65
LL 87.76 84.56
LW 4.55 4.39
LN 162.83 159.03
HT 1.05 1.25
LA 7.46 6.78
LAI 4.42 4.02
DIAM 0.70 0.69
LAR 22.81 20.
BDM 13.66 12.30
VDM 8.79 9.
TDM 22.46
BI 0.61 . .
E 0.86 . %
F 0.84 .81
NAR 10.06 10.4

* Figures in bold indicates maximu

Table 15b: Ward’s Cluster me

a ysi@ical traits in MPOB-

Nigerian oil palm germplasm A%
Traits | Cluster 3

FP 30.67
PCS 10.39
RL 3.57
LL 68.86
LW & 3.85
LN _ 147.71
H 1.33
4.52

2.68

0.64

] 19.65

BDM e 12.82 8.10
DM 0 8.05 7.10
TDM 21.53 20.87 15.20
Bl 0.56 0.61 0.53
E 0.85 0.84 0.75

F 0.82 0.80 0.66
NAR 10.34 10.58 11.18

* Figures in bold indicates maximum value
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Figure 9: Dendrograms of 44 MPOB-Nigerian oil palm germplasm based on eight
fatty acid traits (a) Single linkage Cluster analysis; (b) Ward Clustering method
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Table 16a: SLCA Cluster means of fatty acid traits in MPOB-Nigerian oil palm
germplasm

Traits Cluster 1 | Cluster 2 | Cluster 3 \z
v 54.30 54.18 57.32 :: ,

C12:0 0.73 0.80 0.00

C14:0 1.05 1.24 0.40 Nz
C16:0 38.24 38.79 32.95#~
C16:1 0.01 0.06 |
C18:0 6.16 6.23 \d‘
N4

C18:1 42.65 41.16 10 | _io
c18:2 0.00 1 10.28

N \T

~ ., o
* Figures in bold indicates ma@a Q é‘é\

\ _x
Table 16b: Ward’s Cluster me of}tt*a%'tjin B-Nigerian oil palm
germplasm 9
&

Trai ustj @uster 3

% 54, oY) 57.32

C12: 0.00

&

: Q C18:0 \;‘..26 5.95 9.10
|

\ Cl81 | 4147 | 3924 | 46.10

0‘% Cl82 | 1028 | 1103 | 10.20

* Figures in bold indicates maximum value




