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ABSTRACT
Despite the fact that large Elaeis oleifera germplasm collections have been established and evaluated, little 
is known about the genetic diversity of its population. For this purpose, 572 E. oleifera palms from eight 
germplasm collections together with one introgressed population (Oleifera x Oleifera) were evaluated from 
17 sets of field data. The data were then subjected to principal component and cluster analyses. Correlation 
analysis among traits of E. oleifera showed a similar trend as Elaeis guineensis, and most of the 
characters displayed a wide range of variation. In the principal component analysis, the first four principal 
components (PC1-PC4) with eigenvalue of >1.0, accounted for 96.32% of the total variability, suggesting 
that E. oleifera accessions can be clearly differentiated using the traits studied. Cluster analysis showed 
that all accessions were clustered into two major groups (consisting of four sub-clusters), generally 
attributed to their geographical locations in Central and South America. The information obtained from 
this study aims to provide solutions for a more efficient and manageable approach towards conservation 
of the E. oleifera germplasm. 
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INTRODUCTION

The genetic diversity of the oil palm species is 
being threatened by population growth, climate 
change, habitat loss and selection procedures in 
oil palm breeding programmes. These actions 
might impair the oil palm from genetic gains and 
withstand environmental threats. For that reason, 

a large accession of Elaeis guineensis from Africa 
and Elaeis oleifera from Latin America has been 
accumulated. Proper characterisation of these 
germplasm accessions has led to the identification 
of valuable traits for future oil palm improvements 
and optimisation of conservation strategies for 
its continued accessibility, given oil palm’s long 
breeding cycle. As E. oleifera and E. guineensis 
may have diverged about 51 million years ago 
(Singh et al., 2013), the former is clearly rare 
compared to its African relative that is cultivated 
as the preferred commercial variety. Elaeis oleifera 
is found in Honduras, Nicaragua, Costa Rica, 
Panama, Colombia, Venezuela, Suriname, Ecuador, 
Brazil (Escobar, 1981; Meunier, 1975; Ooi et al., 
1981; Rajanaidu, 1983) and Peru (de Blank, 1952; 
Escobar, 1981; Hardon and Turner, 1967; Meunier, 
1975), where its distribution is patchy. They appear 
naturally in groves in open grasslands and riverine 

RESEARCH ARTICLES



583

PHENOTYPIC VARIABILITY OF Elaeis oleifera GERMPLASM REVEALED BY PRINCIPAL COMPONENT AND CLUSTER ANALYSES

areas and their distribution is associated with the 
migratory movement of indigenous Indians (Santos 
et al., 1986).

The potential genetic variability provided by the 
E. oleifera species is considered a promising resource 
for genetic improvement of the commercial oil 
palm E. guineensis species. Although not much 
commercially planted because of its very low yields, 
the oil palm breeders’ interests in the E. oleifera 
species are its high content of unsaturated fatty acids 
(>60% oleic acid and >18% linoleic acid), low height 
increment (5-10 cm yr–1) and tolerance to diseases 
such as bud rot and vascular wilt (Corley and 
Tinker, 2003; Rao et al., 1989). The ability to transmit 
their traits has led to the production of interspecific 
hybrids with E. guineensis (Barcelos et al., 2015). 
In addition, high carotene content and drought 
tolerance are other interesting characteristics 
of E. oleifera. The main drawback is that it is less 
productive than E. guineensis in terms of oil yield, 
with some degree of sterility precluding its extensive 
commercial exploitation (Rajanaidu et al., 2017). As 
suggested by Choo and Yusof (1996), the possibility 
for E. oleifera to be commercialised is through the 
pharmaceutical industry and this would promote 
the development of planting materials with niche 
traits regardless of their yield performance. In 
general, E. oleifera palms within a population were 
found to be more uniform in comparison with the 
E. guineensis from West Africa. This observation 
was attributed to E. oleifera palms in South America 
being found in scattered areas which encouraged 
inbreeding that led to high levels of homozygosity 
(Rajanaidu, 1985). This was further supported 
by molecular marker information indicating  
E. guineensis as more heterozygous than E. oleifera 
(Zulkifli et al., 2012). 

Several expeditions to Central and South 
America to accumulate a series of E. oleifera 
collections for research purposes were initiated 
by breeders starting in 1982 (Kushairi et al., 2017).  
A collection of 184 E. oleifera accessions are 
developed and maintained in the form of a field 
genebank as described by Rajanaidu et al. (2017). 
The collection aimed to capture the genetic 
variability of E. oleifera for utilisation in breeding 
programmes and as a long-term conservation. At 
present, E. oleifera genetic materials are maintained 
in the form of a field genebank which requires a 
large planting area and high maintenance cost. 
Despite these hurdles, genetic diversity studies 
are deemed essential for crop improvement and 
conservation in oil palm breeding programmes. 
Data collected from these field genebanks on a 
large number of palm traits provide breeders with 
the necessary information for maximum efficient 
selection for the said purpose. 

Multivariate analysis has been developed to 
effectively handle a large amount of accumulated 

data for breeders to make more precise decisions 
(Rencher, 2002). Of all multivariate tools, principal 
component and clustering analyses are extensively 
used to classify germplasm materials, expose 
the variability of accessions and determine the 
genetic relationships among traits (Iqbal et al., 
2008). Principal component analysis (PCA) is a 
technique from applied linear algebra, a descriptive 
procedure for analysing relationships that may 
exist in a set of multivariate datasets. It is designed 
to identify the patterns of data by reducing the 
number of dimensions or variables (Ekezie, 2013). 
On the other hand, clustering is an exploratory data 
analysis tool for grouping accessions into several 
homogenous groups (Johnson and Wichern, 2007). 
Both methods have been extensively used to study 
genetic variability in crop germplasms including oil 
palm (Ahmad et al., 2014; Li-Hammed et al., 2015). 
The objectives of this study are to characterise 
the Malaysian Palm Oil Board (MPOB) E. oleifera 
germplasm collections using multivariate analysis 
and to identify the contributing characteristics to 
the overall variation in yield, bunch quality and 
vegetative traits. This has an important implication 
for the sampling strategy for field conservation while 
assuring a good range of diversity is maintained 
rather than random sampling.

MATERIALS AND METHODS

Plant Materials

Elaeis oleifera germplasms from eight 
countries in Latin America were obtained through 
bioprospection conducted in 1982, amounting to a 
total of 182 accessions. The palms were planted at 
the MPOB Research Station Kluang, Johor, Malaysia 
in an equilateral triangle design with a 9 m planting 
distance between palms. This study was carried out 
on 572 E. oleifera palms including one introgressed 
population [Oleifera (Suriname) x Oleifera (Brazil), 
(OxO)] from the germplasm collection (Table 1). The 
palms were planted either in a randomised complete 
block design (RCBD) or incomplete randomised 
design (ICRD).

Data Collection

A total of 17 field data was collected for each palm 
and classified into three groups; yield, bunch quality 
components and vegetative measurement. Bunch 
quality components and vegetative measurements 
were evaluated using the methods established by 
Blaak et al. (1963) and Breure and Powell (1988), 
respectively. For yield, three components were 
evaluated: mean fresh fruit bunch (MFFB), mean 
bunch number (MBNO) and mean average bunch 
weight (MABW). Meanwhile, nine parameters for 
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bunch components were measured: bunch weight 
(BWT), mean fruit weight (MFW), mesocarp to fruit 
(MTF), kernel to fruit (KTF), shell to fruit (STF), 
oil to dry mesocarp (OTDM), fruit to bunch (FTB), 
oil to bunch (OTB) and kernel to bunch (KTB). 
Five vegetative traits were also included: frond 
production (FP), petiole cross-section (PCS), rachis 
length (RL), leaf area index (LAI) and frond dry 
weight (FDW). 

Statistical Analysis

Data were systematically extracted from the 
MPOB-Breeding Information System (MPOB-
BIS) (Mohd Din et al., 2012). Based on descriptive 
statistical analysis, the population mean, standard 
deviation and coefficient of variation (CV) for each 
trait were generated using Microsoft Excel version 
14.0. PCA and cluster analysis were used to assess 
the level of diversity and to rank the contributions 
of the variables. Mean data were analysed for 
correlation and PCA using SAS version 9.4, after 
standardisation (mean=0, standard deviation=1). 
Based on the respective eigenvalues obtained, only 
a significant proportion of variance was explained 
by the first few principal components. The linear 
combinations with variance less than 1 (Eigenvalue 
< 1) were eliminated.  In cluster analysis, Ward’s 
hierarchical algorithm based on R-Square was used 
to construct the phylogenetic relationship. 

TABLE 1. NUMBER OF SAMPLES REPRESENTING EACH 
Elaeis oleifera GERMPLASM

Region Germplasm No. of samples

Central America Honduras (HND)
Panama (PAN)

Costa Rica (CRI)

9
95
94

South America Suriname (SUR)
Colombia (COL)

Brazil (BRA)
Ecuador (ECU)

Peru (PER)
Suriname x Brazil (OxO)

31
137
21
158
10
17

Total 572

RESULTS AND DISCUSSION

Performance of Elaeis oleifera Germplasm

Evaluation of germplasm collections is the 
sine qua non of every breeding programme for 
crop improvement. There is a need for systematic 
evaluation to describe the collections and in the 
context of genetic resources, to unravel its various 
morphological, physiological and developmental 
characteristics including special features, such as 
dwarfness, compactness and disease resistance. 
These activities are required to aggregate useful 

genes and gene combinations into beneficial 
phenotypes and develop a foundation for selection 
for various breeding programmes. The distribution 
of variation for yield, bunch quality components 
and vegetative measurement for E. oleifera is given 
in Table 2 and 3. The ANOVA showed a highly 
significant (p<0.01) variation for all studied traits 
among the germplasms. A high range of variability 
was recorded for most traits with CV ranging from 
5.95% to 78.88%. These results indicate sufficient 
variability exists for the traits under study, thus 
providing ample scope for characterisation and 
selection for future breeding programmes. MFFB 
yield and MBNO of E. oleifera from Central America 
were higher than the South American germplasms, 
ranging from 116.82-157.44 kg palm–1 yr–1 and 
10.23-12.24 bunches palm–1 yr–1, respectively. 
The OxO introgression progenies displayed the 
highest bunch weight, i.e., MABW of 14.61 kg 
palm–1 yr–1, followed by the Colombian and Central
 American E. oleifera. 

For bunch quality components, all E. oleifera 
accessions recorded a high range of CV for BWT, 
OTB and KTB, implying that these traits have higher 
amounts of exploitable genetic variability among the 
attributes and therefore present a greater potential 
for these traits to be favoured for selection compared 
to others (Ndukauba et al., 2015). Besides that, MTF 
was higher in the South American germplasm, 
which is in agreement with the mesocarp content 
of E. oleifera in the same region as reported by 
Rajanaidu et al. (2017). In contrast, KTF and STF were 
lower in the South American collections, except for 
Colombia. However, despite having higher MTF, 
OTDM in the South American E. oleifera was much 
lower compared to the ones in Central America. This 
suggests that increased fruit sets do not affect the 
OTDM ratio, concurring with previous observations 
by Haniff and Roslan (2002).

In terms of vegetative measurements, FP was 
high in E. oleifera accessions from Costa Rica, 
Honduras, Panama and Brazil with CV ranging 
from 7.82%-13.28%. Other traits such as PCS, RL 
and LAI were lowest in E. oleifera from Suriname, 
implying that this germplasm is unique in vegetative 
growth. The lower PCS and RL values contribute to 
the compactness of this palm (Zulkifli et al., 2019). 
Thus, the Suriname E. oleifera can be considered 
an important genetic source for the development 
of compact palms for commercial planting, which 
allows more palms to be planted per hectare of land 
with a prolonged economic lifespan. As for FDW, 
the highest at approximately 45 kg was found in 
E. oleifera from Central America and Colombia 
with a CV above 20%. 

In general, the Colombian germplasm showed 
similar characteristics as the Central American 
E. oleifera, which is not surprising as both locations 
are geographically bordering one another. With a few 
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exceptions, most of the traits in the OxO population 
also showed the same trend, which is expected to be 
the effect of heterosis. Traits, namely the FP, RL, MTF 
and STF recorded the lowest CV, suggesting that the 
Colombian germplasm possesses low exploitable 
genetic variability.

Correlation Analysis 

The correlation coefficient, r, measures the 
degree (intensity/magnitude) and nature (direction) 
of association between characters. The correlation 
analysis of E. oleifera’s yield characters is showed in 
Table 4. MFFB was positively and highly correlated 
to MBNO (r=0.93) and MABW (r=0.83). This result 
is similar to the correlation trends reported by 
Lopes et al. (2012), whereby high positive correlation 
coefficient values for MFFB-MBNO (r=0.84) and 
MFBB-MABW (r=0.52) were observed in E. oleifera 
interspecific hybrids (E. oleifera x E. guineensis). 
Similarly, high correlation values between MFFB 
and MABW (r=0.96) as well as MBNO (r=0.95) 
were observed on an E. oleifera interspecific hybrid 
(Gomes Junior et al., 2014). The magnitude of 
the correlation values for MFFB and MBNO is 
greater than that of MFFB and MABW, implying 
that MBNO has a greater influence on the total 
variation in MFFB as compared to MABW, a similar 
trend observed in E. guineensis, with moderate 
and positive correlation values for MFFB-MBNO 
(r=0.71) and MFFB-MABW (r=0.44) (Marhalil et al., 
2013). Therefore, selection for a high bunch number 
could suffice for the improvement of FFB yields in 
oil palm breeding programmes involving E. oleifera. 
In E. guineensis populations, high and moderate 
positive correlations between MFFB and MBNO 
were also observed by Okwuagwu et al. (2008) 
(r=0.86) and Okoye et al. (2009) (r=0.65). Correlation 
between MFFB and MABW in both studies showed 
positive but low correlation values of only 0.24 and 
0.21, respectively. 

Meanwhile, MBNO and MABW showed 
a positive correlation (r=0.59), in contrast to 
E. guineensis which normally is negatively 
correlated as reported in several studies (Gomes 
Junior et al., 2014; Marhalil et al., 2013; Okoye et 
al., 2009; Okwuagwu et al., 2008). This suggests 
that an increase in MABW is associated with a 
reduction in MBNO and vice versa. However, 
in E. oleifera, Lopes et al. (2012) reported a 
moderate positive correlation between these 
two components (r=0.42). This interesting result 
suggests that E. oleifera differs from E. guineensis 
in these traits. This may be due to the unique 
characteristics of E. oleifera bunches, which not 
only have moderate weight but also possess a 
high bunch number. 

For bunch quality characters, the highest 
positive correlation was detected between KTF 

and STF (r=0.90), while the highest negative 
correlation was observed between MTF and STF 
(r=-0.99). KTF was highly and positively correlated 
to a few traits such as BWT, STF, OTDM and KTB 
but negatively correlated with MFW, MTF, FTB and 
OTB. As expected, MTF was negatively correlated 
to all bunch quality components except MFW, FTB 
and OTB.  The positive correlation between FTB and 
OTB (r=0.44) suggests that more fruits are required 
to obtain a higher oil content. In general, the results 
indicate that an increase in OTB was associated 
with increases in MTF, MFW and FTB, but was also 
affected by the negative associations with KTF and 
STF. Selection of genotypes for low KTF would 
implicitly lead to palms with relatively low STF but 
high MTF. 

The vegetative character PCS was positively and 
highly correlated with other vegetative characters 
such as RL (r=0.98), LAI (r=0.97) and FDW (r=0.97). 
In addition, the strong association of these traits 
with yield characters in this study was similar to 
previous observations by Rafii (1996) in E. guineensis 
and Mohd Din et al. (2000) in E. oleifera. Palms with 
higher LAI values will allow more light interception 
as LAI is related to photosynthesis and dry matter 
accumulation. Higher LAI is associated with 
increased yields due to a higher photosynthesis 
rate, which leads to better dry matter production 
(Rajanaidu et al., 2011). Therefore, in selecting 
for yield, higher vegetative growth should be  
targeted as well as a greater proportion of the 
photosynthesised dry matter could be diverted to 
fruit bunches (Corley and Tinker, 2003). 

Principal Component Analysis (PCA)

The partitioning of total variance into its 
components facilitates the use of oil palm 
germplasm as a genetic resource for crop 
improvement programmes. A well-defined 
relationship between traits through PCA helps 
know the traits contributing most to variation.  
The first four principal axes with Eigenvalues of 
>1.0 accounted for 96.32% of the total variation 
suggesting that the E. oleifera accessions can 
be clearly differentiated using these traits. The 
eigenvalue is often used to determine the number 
of major principal components and an eigenvalue 
of >1.0 has been the rule of thumb to select useful 
PCs with practical significance and therefore 
should be retained (Iezonni and Pritts, 1991). 
The contribution of each variable to the extracted 
principal components (PCs) is presented in Table 5. 
Eigenvalues associated with the first two principal 
components decreased drastically from 11.17 to 
2.40. PC1 contributed 65.71% of the total variation 
in the data set whereas PC2 to PC4 explained the 
additional 14.12%, 9.99% and 6.50% variations, 
respectively. These results showed a higher 



586

JOURNAL OF OIL PALM RESEARCH 35 (4) DECEMBER 2023
TA

BL
E 

2.
 T

H
E 

M
EA

N
 A

N
D

 D
IS

TR
IB

U
TI

O
N

 O
F 

VA
R

IA
TI

O
N

 F
O

R
 Y

IE
LD

 A
N

D
 V

EG
ET

A
TI

V
E 

M
EA

SU
R

EM
EN

T 
TR

A
IT

S 
IN

 E
la

ei
s 

ol
ei

fe
ra

 G
ER

M
PL

A
SM

S

C
ou

nt
ry

N
M

FF
B

M
BN

O
M

A
BW

FP
PC

S
R

L
LA

I
FD

W

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

Su
rin

am
e

31
8.

69
68

.5
2

4.
46

37
.9

1
1.

94
61

.6
1

19
.1

6
8.

95
1.

96
21

.5
4

1.
25

8.
88

0.
43

20
.6

7.
81

16
.0

3

C
ol

om
bi

a
13

7
11

1.
75

44
.8

8
8.

61
43

.4
4

13
.0

1
15

.5
3

21
.9

9
14

.3
8

17
.6

8
20

.9
6

4.
28

11
.2

4
4.

99
27

.8
3

44
.1

8
22

.7
2

C
os

ta
 R

ic
a

94
11

6.
82

44
.5

8
10

.2
3

42
.2

0
11

.6
2

19
.2

9
23

.8
2

13
.2

8
16

.7
9

17
.8

1
4.

16
14

.0
6

5.
10

24
.9

4
45

.9
7

21
.8

9

H
on

du
ra

s
9

15
7.

44
30

.3
2

12
.2

4
30

.0
4

12
.8

6
8.

36
23

.0
0

11
.3

0
17

.7
2

18
.0

9
3.

98
8.

48
5.

76
20

.9
8

46
.9

3
26

.0
5

Pa
na

m
a

95
12

3.
42

35
.3

0
10

.8
6

32
.9

0
11

.4
3

16
.8

8
23

.6
4

11
.7

4
16

.4
3

20
.4

0
4.

20
11

.5
5

5.
12

26
.3

2
44

.7
3

22
.6

9

Br
az

il
21

38
.5

5
65

.3
0

6.
64

61
.8

6
6.

10
24

.7
7

23
.0

5
7.

82
5.

07
20

.6
8

1.
99

10
.6

0
1.

19
34

.3
9

16
.7

1
17

.2
8

O
xO

17
81

.4
5

40
.1

4
5.

65
41

.5
4

14
.6

1
14

.6
7

22
.5

3
9.

82
15

.6
4

15
.2

2
3.

72
12

.7
8

4.
10

19
.4

4
40

.6
8

16
.1

9

Ec
ua

do
r

15
8

24
.2

6
45

.6
8

4.
66

37
.8

9
5.

12
21

.6
0

18
.8

3
10

.1
9

10
.5

4
20

.4
1

3.
35

10
.2

3
2.

68
23

.6
2

24
.2

1
20

.4
4

Pe
ru

10
12

.5
3

76
.1

0
1.

54
69

.6
2

7.
58

26
.8

5
17

.1
0

9.
33

13
.4

2
15

.6
8

3.
79

9.
86

3.
03

16
.3

6
27

.0
3

16
.9

9

N
ot

e:
 M

FF
B 

(k
g 

pa
lm

–1
 y

r–1
) -

 m
ea

n 
fr

es
h 

fr
ui

t b
un

ch
; M

BN
O

 (b
un

ch
es

 p
al

m
–1

 y
r–1

) -
 m

ea
n 

bu
nc

h 
nu

m
be

r; 
M

A
BW

 (k
g 

pa
lm

–1
 y

r–1
) -

 m
ea

n 
av

er
ag

e 
bu

nc
h 

w
ei

gh
t; 

FP
 (n

o.
) -

 fr
on

d 
pr

od
uc

tio
n;

 P
C

S 
(c

m
2 ) 

- p
et

io
le

 c
ro

ss
 se

ct
io

n;
 R

L 
(m

) -
 ra

ch
is

 le
ng

th
; L

A
I -

 le
af

 a
re

a 
in

de
x;

 F
D

W
 (k

g)
 - 

fr
on

d 
dr

y 
w

ei
gh

t.

TA
BL

E 
3.

 T
H

E 
M

EA
N

 A
N

D
 D

IS
TR

IB
U

TI
O

N
 O

F 
VA

R
IA

TI
O

N
 F

O
R

 B
U

N
C

H
 Q

U
A

LI
TY

 C
O

M
PO

N
EN

T 
TR

A
IT

S 
IN

 E
la

ei
s 

ol
ei

fe
ra

 G
ER

M
PL

A
SM

S

C
ou

nt
ry

N
BW

T
M

FW
M

TF
K

TF
ST

F
O

TD
M

FT
B

O
TB

K
TB

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)
M

ea
n

C
V

 (%
)

M
ea

n
C

V
 (%

)

Su
rin

am
e

31
3.

18
78

.8
8

3.
41

18
.5

6
48

.9
5

8.
04

7.
17

27
.3

8
43

.8
8

6.
90

27
.7

7
9.

72
51

.9
1

13
.1

9
3.

28
24

.8
2

3.
40

40
.0

9

C
ol

om
bi

a
13

7
12

.3
8

33
.2

4
3.

28
16

.3
8

36
.9

9
11

.0
5

13
.0

4
16

.5
1

49
.9

7
6.

43
38

.3
7

15
.8

0
46

.3
2

14
.4

5
3.

85
39

.9
1

4.
00

35
.4

2

C
os

ta
 R

ic
a

94
10

.5
7

41
.0

3
3.

81
18

.8
3

36
.7

2
10

.5
2

12
.5

3
17

.3
2

50
.7

4
6.

07
40

.3
0

13
.9

3
51

.3
3

13
.9

8
4.

84
40

.5
7

3.
73

43
.6

5

H
on

du
ra

s
9

10
.2

7
27

.6
5

3.
96

15
.3

6
34

.7
9

14
.6

4
13

.1
8

16
.8

7
52

.0
3

6.
45

38
.3

7
12

.3
2

44
.9

8
23

.4
8

3.
14

29
.4

1
3.

15
47

.7
5

Pa
na

m
a

95
10

.3
6

39
.6

4
3.

45
21

.6
8

35
.7

9
11

.1
9

12
.6

8
18

.8
5

51
.5

3
5.

95
38

.1
6

17
.3

9
47

.5
8

12
.9

1
4.

15
39

.5
6

3.
82

41
.9

4

Br
az

il
21

11
.0

3
41

.8
6

10
.7

2
29

.5
3

47
.3

2
9.

68
9.

94
16

.4
9

42
.7

4
8.

72
40

.4
3

12
.4

5
50

.4
0

21
.2

8
5.

49
32

.6
4

3.
79

28
.6

5

O
xO

17
14

.4
7

26
.7

4
3.

87
14

.6
7

36
.7

7
11

.5
6

12
.0

9
13

.7
5

51
.1

4
6.

46
36

.0
4

22
.5

5
53

.7
2

13
.1

3
3.

56
58

.6
1

4.
55

24
.4

5

Ec
ua

do
r

15
8

6.
47

31
.1

6
11

.7
8

17
.6

4
62

.1
3

6.
01

6.
69

20
.8

6
31

.1
8

9.
38

23
.8

5
13

.4
1

55
.1

4
13

.5
6

4.
24

35
.5

8
2.

81
36

.4
4

Pe
ru

10
6.

82
26

.2
1

11
.7

3
26

.6
4

55
.8

6
10

.1
5

6.
16

30
.9

9
37

.9
8

11
.8

4
30

.1
2

19
.8

6
59

.2
9

19
.8

0
5.

16
39

.1
3

2.
97

33
.2

2

N
ot

e:
 B

W
T 

(k
g)

 - 
bu

nc
h 

w
ei

gh
t; 

M
FW

 (g
) -

 m
ea

n 
fr

ui
t w

ei
gh

t; 
M

TF
 (%

) -
 m

es
oc

ar
p 

to
 fr

ui
t; 

K
TF

 (%
) -

 k
er

ne
l t

o 
fr

ui
t; 

ST
F 

(%
) -

 sh
el

l t
o 

fr
ui

t; 
O

TD
M

 (%
) -

 o
il 

to
 d

ry
 m

es
oc

ar
p;

 F
TB

 (%
) -

 fr
ui

t t
o 

bu
nc

h;
 

O
TB

 (%
) -

 o
il 

to
 b

un
ch

; K
TB

 (%
) -

 k
er

ne
l t

o 
bu

nc
h.



587

PHENOTYPIC VARIABILITY OF Elaeis oleifera GERMPLASM REVEALED BY PRINCIPAL COMPONENT AND CLUSTER ANALYSES
TA

BL
E 

4.
 T

H
E 

C
O

R
R

EL
A

TI
O

N
 C

O
EF

FI
C

IE
N

T 
A

N
A

LY
SI

S,
 R

, O
F 

El
ae

is
 o

le
if

er
a 

G
ER

M
PL

A
SM

S 
BE

TW
EE

N
 1

7 
TR

A
IT

S

C
or

re
la

tio
n 

m
at

ri
x

M
FF

B
M

BN
O

M
A

BW
BW

T
M

FW
M

TF
K

TF
ST

F
O

TD
M

FT
B

O
TB

K
TB

FP
PC

S
R

L
LA

I
FD

W

M
FF

B
1.

00
00

M
BN

O
0.

93
02

1.
00

00

M
A

BW
0.

83
06

0.
59

37
1.

00
00

BW
T

0.
64

05
0.

47
68

0.
86

89
1.

00
00

M
FW

-0
.6

64
-0

.6
32

9
-0

.5
13

-0
.3

14
6

1.
00

00

M
TF

-0
.8

65
1

-0
.7

95
7

-0
.7

81
7

-0
.6

82
6

0.
84

99
1.

00
00

K
TF

0.
93

46
0.

87
37

0.
84

81
0.

79
89

-0
.7

19
8

-0
.9

45
3

1.
00

00

ST
F

0.
81

21
0.

74
07

0.
73

34
0.

61
74

-0
.8

74
9

-0
.9

91
7

0.
89

56
1.

00
00

O
TD

M
0.

72
44

0.
71

04
0.

67
09

0.
76

51
-0

.4
52

1
-0

.8
27

6
0.

85
19

0.
79

39
1.

00
00

FT
B

-0
.7

82
7

-0
.8

82
4

-0
.4

3
-0

.3
91

3
0.

65
73

0.
74

18
-0

.7
92

5
-0

.6
98

7
-0

.6
33

1.
00

00

O
TB

-0
.3

48
9

-0
.2

92
9

-0
.2

18
5

0.
03

21
0.

67
34

0.
37

28
-0

.2
83

2
-0

.3
95

8
0.

15
8

0.
43

9
1.

00
00

K
TB

0.
32

87
0.

23
27

0.
56

74
0.

76
11

-0
.5

50
8

-0
.6

69
4

0.
62

55
0.

66
68

0.
61

17
-0

.2
82

4
-0

.1
11

4
1.

00
00

FP
0.

79
25

0.
85

49
0.

63
37

0.
73

08
-0

.5
79

2
-0

.8
40

4
0.

90
79

0.
78

85
0.

87
49

-0
.7

40
1

-0
.0

75
5

0.
62

11
1.

00
00

PC
S

0.
78

85
0.

54
5

0.
90

27
0.

63
69

-0
.3

58
2

-0
.5

72
2

0.
67

48
0.

51
6

0.
45

37
-0

.3
07

3
-0

.1
52

0.
21

11
0.

40
84

1.
00

00

R
L

0.
68

47
0.

44
81

0.
81

93
0.

56
46

-0
.2

12
9

-0
.4

24
3

0.
55

49
0.

36
14

0.
35

49
-0

.1
88

8
-0

.0
20

9
0.

11
25

0.
30

38
0.

97
79

1.
00

00

LA
I

0.
89

77
0.

71
32

0.
89

13
0.

61
33

-0
.4

77
9

-0
.6

75
6

0.
77

19
0.

61
84

0.
52

84
-0

.4
80

5
-0

.2
39

0.
20

11
0.

53
71

0.
97

4
0.

92
95

1.
00

00

FD
W

0.
89

97
0.

70
89

0.
93

67
0.

70
53

-0
.5

03
2

-0
.7

25
1

0.
81

95
0.

66
72

0.
59

55
-0

.4
69

5
-0

.2
04

0.
32

71
0.

60
65

0.
97

03
0.

91
89

0.
98

95
1.

00
00

N
ot

e:
 M

FF
B 

- m
ea

n 
fr

es
h 

fr
ui

t b
un

ch
; M

BN
O

 - 
m

ea
n 

bu
nc

h 
nu

m
be

r; 
M

A
BW

 - 
m

ea
n 

av
er

ag
e 

bu
nc

h 
w

ei
gh

t; 
BW

T 
- b

un
ch

 w
ei

gh
t; 

M
FW

 - 
m

ea
n 

fr
ui

t w
ei

gh
t; 

M
TF

 - 
m

es
oc

ar
p 

to
 fr

ui
t; 

K
TF

 - 
ke

rn
el

 to
 

fr
ui

t; 
ST

F 
- s

he
ll 

to
 fr

ui
t; 

O
TD

M
 - 

oi
l t

o 
dr

y 
m

es
oc

ar
p;

 F
TB

 - 
fr

ui
t t

o 
bu

nc
h;

 O
TB

 - 
oi

l t
o 

bu
nc

h;
 K

TB
 - 

ke
rn

el
 to

 b
un

ch
; F

P 
- f

ro
nd

 p
ro

du
ct

io
n;

 P
C

S 
- p

et
io

le
 c

ro
ss

 se
ct

io
n;

 R
L 

- r
ac

hi
s l

en
gt

h;
 L

A
I 

- l
ea

f a
re

a 
in

de
x;

 F
D

W
 - 

fr
on

d 
dr

y 
w

ei
gh

t. 



588

JOURNAL OF OIL PALM RESEARCH 35 (4) DECEMBER 2023

TABLE 5. CONTRIBUTION OF EACH VARIABLE TO THE EXTRACTED FOUR PCs WITH RESPECTIVE EIGENVALUES AND 
PROPORTION OF TOTAL VARIABILITY

Field evaluation Traits PC1 PC2 PC3 PC4

Bunch yield MFFB 0.287 0.039 -0.146 0.181

MBNO 0.255 -0.105 -0.151 0.417

MABW 0.271 0.201 0.073 -0.226

Bunch quality BWT 0.235 0.081 0.380 -0.175

MFW -0.215 0.294 0.268 0.270

MTF -0.281 0.182 -0.006 0.082

KTF 0.295 -0.084 0.050 0.050

STF 0.268 -0.215 -0.010 -0.132

OTDM 0.242 -0.117 0.349 0.224

FTB -0.218 0.275 0.187 -0.346

OTB -0.090 0.212 0.582 0.375

KTB 0.171 -0.232 0.387 -0.488

Vegetative measurement FP 0.253 -0.198 0.206 0.231

PCS 0.233 0.392 -0.092 -0.083

RL 0.200 0.469 -0.065 -0.040

LAI 0.257 0.300 -0.159 0.034

FDW 0.268 0.274 -0.073 -0.023

Eigenvalue 11.171 2.400 1.698 1.105

Variance (%) 65.71 14.12 9.99 6.50

Cumulative (%) 65.71 79.83 89.82 96.32

Note: MFFB - mean fresh fruit bunch; MBNO - mean bunch number; MABW - mean average bunch weight; BWT - bunch weight; MFW 
- mean fruit weight; MTF - mesocarp to fruit; KTF - kernel to fruit; STF - shell to fruit; OTDM - oil to dry mesocarp; FTB - fruit to 
bunch; OTB - oil to bunch; KTB - kernel to bunch; FP - frond production; PCS - petiole cross section; RL - rachis length; LAI - leaf 
area index; FDW - frond dry weight.

percentage of variation contributed by the first two 
components compared to Camillo et al. (2014), who 
reported a total variability of 68.80% for the first two 
components of Brazil’s E. oleifera germplasm. High 
phenotypic variability was observed on traits such 
as rachis length, height and fruit weight in E. oleifera 
(Rey et al., 2004; Rios et al., 2011). In E. guineensis 
however, a lower genetic variability (55.1%) was 
quantified for the first two components of yield and 
fatty acid traits (Li-Hammed et al., 2016).

Variables with significant positive and 
negative impacts on each PC, especially PC1, are 
attributed mostly to diversity and are the primary 
source of variation beneficial for the selection 
of diverse genetic backgrounds (Denton and 
Nwangburuka, 2011). PC1 was mostly related to 
KTF (0.295), MFFB (0.287) and MABW (0.271). This 
PC exhibited positive effect for all variables except 
for MFW (-0.215), MTF (-0.281), FTB (-0.218) and 
OTB (-0.090). These characteristics play a vital 
role in differentiating the E. oleifera accessions and 
should be considered during selection in breeding 

programmes. For PC2, the largest positively 
significant component loadings were from RL 
(0.469), followed by PCS (0.392) and LAI (0.300) 
while the negatives were from KTB (-0.232), STF 
(-0.215) and FP (-0.198). The largest positive and 
highly significant coefficient in PC3 was observed 
in bunch quality components, i.e., OTB (0.582), 
KTB (0.387) and BWT (0.380), and the least negative 
contributions were from LAI (-0.159), MBNO (-0.151) 
and MFFB (-0.146). PC4 was positively contributed 
by MBNO (0.417), OTB (0.375) and MFW (0.270), 
meanwhile negatively contributed by KTB (-0.488), 
FTB (-0.346) and MABW (-0.226). In general, 
vegetative characteristics and bunch quality 
components had a positive significant influence on 
PC2 and PC3, respectively. Meanwhile, most of the 
traits with high positive loading for PC1 and PC4 
were mainly associated to yield and bunch quality 
components traits.

The relationship among the eight locations 
associated with MPOB E. oleifera and OxO 
populations was analysed from the score plot 
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between PC1 and PC2 (Figure 1). This provides a 
map of how the germplasms relate to each other. 
The germplasms from Central America, Colombia 
and OxO were closely connected and positively 
inclined towards PC1 as they performed well in the 
variables exhibiting the highest positive loading 
in PC1 such as MFFB (81.45-157.44 kg palm–1 yr–1), 
MABW (11.43-14.61 kg palm–1 yr–1) and FDW (40.68-
46.93 kg). These populations were also positioned at 
the centre of PC2 due to being highest in vegetative 
traits such as RL (3.72-4.28 m), PCS (15.64-17.17 cm2) 
and LAI (4.10-5.76).

The Ecuador and Peru accessions were 
positioned together based on their high values in 
MFW, MTF, FTB while moderate in RL, PCS and 
LAI. Oil palm germplasm collected from Suriname 
and Brazil were negatively correlated with both 
PC1 and PC2. This is likely due to the poor 
performance of both germplasms in most variables 
such as FDW, MFFB, PCS and RL, in comparison 
to the other germplasms. Suriname oil palms have 
been observed to be vegetatively smaller and 
displayed low bunch production, resulting in low 
bunch yields compared to E. oleifera from other 
parts of the South American continent (Rao et al., 
1989). Field observations of Suriname germplasm 
exhibited unique physical characteristics among 
the E. oleifera accessions. Notably, OxO performance 
improved due to hybrid vigour contributed by 
Brazil and Suriname introgression. The superiority 
of OxO over both parents is indicated by the positive 
correlation of OxO to both PC1 and PC2 (Figure 1) 
which helps detect deviation from normality. Most 
of the traits exhibited by OxO improved, especially 

in yield and bunch quality components such as 
MFFB (81.45 kg palm–1 yr–1), MABW (14.61 kg 
palm–1 yr–1), BWT (14.47 kg), KTF (12.09%) and FTB 
(53.72%).

Biplot diagrams provide information to select 
genotypes that might have favourable combinations 
of traits that can be strategised in a breeding 
programme. Most of the variables grouped at 
quadrants 1 and 4 indicated that those variables 
were positively correlated to PC1, whilst FTB, OTB, 
MFW and MTF positioned at quadrant 2 were 
negatively correlated to PC1 but positively to PC2 
(Figure 2). A PCA biplot was constructed to study 
the relationship between variables and to identify 
the best variables contributed by each germplasm 
(Figure 3). Variables with a small angle between them 
imply a positive and large correlation between them, 
indicating that an increase in one will increase in the 
other (Li-Hammed et al., 2016). On the other hand, 
variables opposite to each other with large angles 
in between are negatively correlated.  For instance, 
KTB is highly positively correlated with STF due 
to the small angle between them and is located in 
the same quadrant. However, they are negatively 
correlated to MFW and FTB. Therefore, oil palms 
from Ecuador and Peru have high FTB values but 
low KTB values. The Suriname oil palm is distinct as 
there is no interesting or unique variable associated 
with it. For other populations, most variables in 
yield parameters and bunch quality components 
such as MFFB, MBNO, BWT, FP, OTDM and KTF 
are good characters for selection in the breeding 
programme as they contribute positively to the 
primary component (PC1).

Note: (a) Costa Rica (CRI), Colombia (COL), Honduras (HND), Panama (PNM) and Suriname x Brazil (OxO) were positioned together 
and positively correlated toward both PC1 and PC2. (b) Peru (PER) and Ecuador (ECU) were negatively correlated to PC1 and 
positive toward PC2. (c) Brazil (BRA) and Suriname (SUR) were negatively correlated to PC1 and PC2. 

Figure 1. PCA score plot of PC1 and PC2 among the eight locations associated to MPOB Elaeis oleifera and OxO populations. Germplasms close to 
each other have similar field data performance profiles, whereas those far from each other are dissimilar.
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Note: Variables in quadrant 1; RL - rachis length; PCS - petiole cross-section; LAI - leaf area index; FDW- frond dry weight; MABW - mean 
average bunch weight; BWT - bunch weight and MFFB - mean fresh fruit bunch were positively correlated to both PC1 and PC2. 
Variables in quadrant 2; FTB - fruit to bunch; MFW - mean fruit weight; MTF - mesocarp to fruit and OTB - oil to bunch negatively 
correlated to PC1 but positively correlated towards PC2. KTF - kernel to fruit; OTDM - oil to dry mesocarp; MBNO - mean bunch 
number; FP - frond production; KTB - kernel to bunch and STF - shell to fruit together in quadrant 4 were positive to PC1 but 
negative to PC2. 

Figure 2. Loadings plot showing the relationship of 17 variables on PC1 and PC2. Variables contributing similar information are correlated and grouped 
in the same quadrant.
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Figure 3. PCA Biplot of MPOB Elaeis oleifera germplasms shows how strongly each variable influences the principal components.
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Cluster Analysis

PCA is usually complemented with other 
analyses such as cluster analysis to provide a 
clear representation of the genetic diversity of the 
populations under study. The dendrogram (Figure 4) 
represents the hierarchical cluster analysis based on 
Ward’s method, an approach commonly suggested 
for clustering quantitative variables (Siracli et 
al., 2013). This method classifies the materials 
depending on the environment or correlation of 
the individuals as claimed by Granato et al. (2018). 
Two main clusters were observed, consisting of 
four sub-clusters. To envision the clustering pattern 
of E. oleifera germplasm, the mean value for each 
sub-cluster is presented in Table 6. Cluster 1 was 
divided into two sub-clusters in which Peru and 
Ecuador were coupled together in sub-cluster 1, 
while Brazil and Suriname formed another sub-
cluster. MFW, MTF and OTB values for populations 
in Cluster 1, consisting of Peru, Ecuador, Suriname 
and Brazil, were greater than the populations in 
Cluster 2. However, the average MFW, MTF, FTB, 
OTB and RL values were slightly lower in the Brazil 
and Suriname populations, therefore comprising a 
different sub-cluster than Peru and Ecuador.

The second cluster (Cluster 2) comprised two 
sub-clusters, with OxO as a singleton and the 
second sub-cluster consisting of Colombia, Panama, 
Honduras and Costa Rica. These populations had 
higher mean values for MFFB, MBNO, MABW, BWT, 
KTF, STF, OTDM, PCS, LAI and FDW. In addition, 
the highest mean values of MABW, BWT and KTB 
but with lower values for other traits, possibly 
separated OxO from the other populations in 
Cluster 2. As mentioned earlier, the traits 
improvement in OxO resulted in a separate cluster 
from their original parents, Brazil and Suriname. 
This may be due to differences in gene combinations 
compared to both parents, resulting in hybrid vigour 
(Bingham, 1998). The results of the phylogenetic 
relationship also reflected the geographical origin of 
the populations. Populations in Costa Rica, Panama 
and Honduras tend to cluster together as they form 
part of Central America. Through sharing a border 
with Panama, it is not surprising that Colombia in 
South America is included in Cluster 2. High gene 
flow may have occurred between populations within 
countries where similar trends were also observed in 
E. guineensis (Zulkifli et al., 2012) and Napirira bean 
(Fan and Beta, 2017). 

It is a known fact that utilising and conserving 
germplasms involve proper consideration of 
developing genetic resources for varietal breeding 
programmes while avoiding loss of genetic 
diversity, respectively. Combining the results from 
correlation studies, principal component and cluster 
analyses provided knowledge on the patterns of 
genetic diversity, which are vital for developing 

proper breeding strategies for improvement and 
conservation. Crossing between morphologically 
distant populations, in this case between populations 
in Clusters 1 and 2, would theoretically result in a 
maximum degree of heterosis which could lead to 
improvement in certain traits of interest (Rahim 
et al., 2010; Singh et al., 2008). For conservation 
purposes, the focus should be directed towards 
germplasm with high variability to develop optimal 
sampling strategies and minimise any redundancies 
in the collection. Selection and conservation should 
also take into account unique populations such as 
Suriname, as this population may possess interesting 
genes for further exploitation. 

The wealth of diversity in the E. oleifera 
populations in this study can be observed from the 
wide variability in traits such as MFFB, MBNO, 
LAI, BWT, FTB, OTB and KTB.  However, their 
trait values are still incomparable to that of the 
commercial E. guineensis (Noh et al., 2012).  Although 
E. oleifera is not widely planted because of its very 
low yield, it has several interesting characteristics, 
such as compactness, which may be introgressed 
to improve E. guineensis. Compact palms generally 
demonstrate lower height increment, have shorter 
fronds (RL) and small petioles (PCS) (Barcelos et al., 
2015; Zulkifli et al., 2020). All E. oleifera populations 
in this study showed lower RL and PCS mean 
values compared to the commercial E. guineensis 
(5.6 m and 29.0 cm2, respectively) (Noh et al., 2012). 
It would then be reasonable to cross populations  
with extreme mean values for both of these traits, i.e., 
Suriname and Brazil, with commercial E. guineensis 
to derive compact offsprings. The correlation of 
both traits with other characters should be taken 
into account for the selection of parental palms 
in the breeding programme. Therefore, the high 
variability in E. oleifera accessions revealed through 
multivariate analyses would help breeders explore 
under-utilised genetic resources and guide future 
strategies for oil palm genetic improvement. 

Although the Malaysian oil palm industry had 
significant success in generating new planting 
materials to gain a strong footing, the genetic 
variation of the planting materials was still 
considered narrow (Arasu and Rajanaidu, 1976; 
Rajanaidu et al., 2000). The oil palm industry in 
Malaysia realised the risk of relying on a limited 
genetic base and recognised the necessity for an 
adequate genetic base for effective selection in 
breeding programmes. This realisation provided 
the impetus to systematically search for new oil 
palm genetic materials including E. oleifera. The 
exploitation of the E. oleifera germplasm materials 
in this study will provide potential new genes for 
incorporation into the existing breeding stock, 
as well as the flexibility of further developing 
planting materials including for niche markets. 
Information obtained by the characterisation of 
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Note: R-squared value measures the extent to which groups or clusters are different from each other. Germplasm was grouped in two major 
clusters. Cluster 1 (orange box) comprised germplasm from Peru (PER), Ecuador (ECU), Suriname (SUR) and Brazil (BRA). Cluster 
2 (blue box) contained germplasm from Costa Rica (CRI), Honduras (HND), Panama (PAN), Colombia (COL) and Suriname x Brazil 
(OxO).

Figure 4. Cluster analysis of MPOB Elaeis oleifera germplasms based on 17 variables.

TABLE 6. WARD’S CLUSTER MEANS OF 17 TRAITS IN MPOB Elaeis oleifera GERMPLASM

Traits Cluster 1 (Sub 1) Cluster 1 (Sub 2) Cluster 2 (Sub 1) Cluster 2 (Sub 2)

MFFB 18.39 23.62 81.45 127.36

MBNO 3.10 5.55 5.65 10.48

MABW 6.35 4.02 14.61 12.23

BWT 6.64 7.10 14.47 10.90

MFW 11.73 7.06 3.87 3.63

MTF 59.00 47.91 36.77 36.07

KTF 6.43 8.55 12.09 12.86

STF 34.58 43.49 51.14 51.07

OTDM 26.99 34.10 36.04 38.80

FTB 57.22 51.16 53.72 47.55

OTB 4.70 4.38 3.56 3.99

KTB 2.89 3.60 4.55 3.64

FP 17.96 21.10 22.53 23.11

PCS 11.98 3.52 15.64 17.09

RL 3.57 1.62 3.72 4.15

LAI 2.85 0.81 4.10 5.24

FDW 25.62 12.26 40.68 45.20

Note: MFFB (kg palm–1 yr–1) - mean fresh fruit bunch; MBNO (bunches palm–1 yr–1) - mean bunch number; MABW (kg palm–1 yr–1) - mean 
average bunch weight; BWT (kg) - bunch weight; MFW (g) - mean fruit weight; MTF (%) - mesocarp to fruit; KTF (%) - kernel to 
fruit; STF (%) - shell to fruit; OTDM (%) - oil to dry mesocarp; FTB (%) - fruit to bunch; OTB (%) - oil to bunch; KTB (%) - kernel to 
bunch; FP (no.) - frond production; PCS (cm2) - petiole cross section; RL (m) - rachis length; LAI - leaf area index; FDW (kg) - frond 
dry weight.

1.0 0.8 0.6 0.4 0.2 0.0
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these germplasms is useful as they open new 
avenues for crop improvement and have the 
potential for producing novel crop varieties. The 
ability to select palms for particular traits using 
new genetic resources would thus represent 
a major step forward in expediting oil palm 
breeding.

CONCLUSION

The richness of any germplasm collection is 
quantified in terms of the magnitude of the genetic 
variability of its accessions. It can be concluded 
from this study that multivariate analyses classified 
the E. oleifera germplasms generally based on their 
phenotypic characters. Most of the important traits 
of E. oleifera displayed a wide range of variation. 
Cluster analysis also grouped the E. oleifera 
germplasms into two distinct clusters, which were 
highly associated with their geographical locations 
in Central and South America. The optimum traits 
for measurement can be identified by focusing 
on variables that contribute most to the variation, 
to assist the selection of specific populations for 
regeneration purposes and selective breeding for oil 
palm improvement programmes. This phenotypic 
data will be integrated with molecular-based 
diversity patterns so that breeding and conservation 
strategies could be systematically formulated for 
E. oleifera populations.
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