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Morphometrical studies on black pepper (Piper
nigrum L.). IL Principal component analysis of black
pepper cultivars
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Abstract

T ey T

Forty four cultivars and seven wild accessiong of black pepper (Piper
nigrum) (51 Operational Taxonomic Units) were analysed adopting
I ] Principal Component Analysis to determine the nature and extent of
' divergence among them. Eight principal components emerged from the
analysis and the dispersion pattern of Operational Taxonomic Units
between the principal components (in principal component plots)
showed the characters involved in the divergence of various cultivars.
Dispersion of Operational Taxonomic Units between principal compo-
& nents showed that certain cultivars remain as independent entities
thereby indicating their divergence from other cultivars. The majority
of cultivars are distributed around the central point, and this group
is comparable to the group D obtained by the centroid clustering.
Computation of inter and intracluster - D2 helped to establish further
the extent of relationships among the clusters.

5 Key words : black pepper, morphometrics, Piper nigrum, Principal
| Component Analysis. ‘
Abbreviations
OTU : Operational Taxonomic Unit
PC : Principal Component
PCA : Principal Component Analysis
i

Introduction unique and formed independent group-

Cluster analysis of 51 black pepper
(Piper nigrum L.) accessions (51 OTUs)
led to 11 groups and 28 of them formed
a single cluster (Ravindran et al., this
issue). Some of the cultivars- were

ings while a few others formed clusters
of two or three. The study was then
extended to find out the relative contri-
bution of various characters in differen-
tiating the cultivars by PCA. Forty four

'Present address : Sugarcane Breeding Institute, Coimbatore - 641 007, India.
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cultivars (which included most of the
common ones) and seven wild eollec-
tions (51 OTUs) were made use of in
this study. The philosophy of PCA has
been outlined by Sneath & Sokal (1973)
and Williams (1976) and it is one of the
most useful numerical procedures used
in taxonomic research since the degree
of relatedness among individuals be-
tween or within species, or among
genotypes within a breeding population
can be approximated with principal
components. This analysis can resolve
groups of morphologically similar phe-
notypes when plotted against principal
components. Adams (1977) used PCA to
calculate Euclidean distances between
cultivars of dry bean and these dis-
tances were found to be highly corre-
lated with their genetic relationships.
PCA was also found useful in establish-
ing the relationship among character
variation within a species to area of
origin (Martin & Adams 1987; Hilling
& lezzoni 1988). Iezzoni & Pritts (1991)
have outlined the usefulness of PCA in
horticultural research.

Materials and methods

The PCA was carried out using 22
characters recorded from 51 OTUs (for
details of OTUs and characters, see
Ravindran et al, this issue). The
analysis was carried out using the
BMDP programme package (BMDP
4M-PCA) developed at the Department
of Biomathematics, University of Cali-
fornia, USA, based on the principle
outlined by Frane et al. (1981). The
computer analysis was done at the
Computer Centre of the Carneigie-
Mellon University, Pittsburgh, USA.

Results and discussion

The PCs along with the variance
explained by each PC and the cumula-

Ravindran et al.,

tive proportion of variance explained by
each PC are given in Table 1. The
loadings for eight major PCs after
rotation and rearrangement are given
in Table 2. There is a steady increase in
variance explained up to first eight PCs
only; more then 75 per cent of the
variation in data are accountable by the
first eight PCs. The relative contribu-
tions of other characters are negligible,
and hence can be ignored for all prac-
tical purposes. Tables 1 and 2 also show
that the first eight PCs explain the
whole variance in PC space and hence
only these eight are important. As
regards the first PC, the loadings are
high for the set of characters leaf size
index, leaf breadth and leaf length
(characters 4, 2 and 1). In the average
linkage cluster analysis (Ravindran et
al., this issue) also these characters arc
in one group, thereby confirming the
results of cluster analysis. The second
PC shows high loadings for characters
leaf thickness, lower epidermal thick-
ness and upper epidermal thickness
(characters 5, 6 and 7). This also agrees
with the results of the cluster analysis.
The third PC shows high loadings for
the set of characters 14, 12 and 13 (leaf
length, spike length index, spike length
and peduncle length) and hence these
three characters are represented by PC-
3, though for character 14 the loading
is negative. In this way eight PCs could
be recognised as given below:

PC-1 : Leaf size index, leaf length,
leaf breadth

PC-2 : Leaf thickness, lower epider-
mal thickness, upper epider-
mal thickness

PC-3 : Leaf length-spike length in-
dex, spike length and peduncle
length
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Table 1. Variance explained and the cumu-
lative proportion of variance* in black
pepper cultivars

PC Variance Cumulative proportion
explained of variance
Data space PC space
1 40102 01823  0.2437
2 - 2.8760 0.3130 0.4184
3 2.4823 0.4258 0.5692
4 1.9442 0.5142 0.6874
5 1.4796 0.5815 0.7773
6 1.3124 0.6411 0.8570
7 1.2439 0.6979 0.9329
8 1.1038 0.7481 1.0000
9 0.9272 0.7902
10 0.8559 0.8292
11 0.6409 0.8583
12 0.6075 0.8859
13 0.5707 0.9118
14 0.4830 0.9338
15 0.4576 0.9546
16 0.3768 0.9717
17 0.2353 0.9824
18 0.1875 0.9909
19 0.0874 0.9949
20 0.0657 0.9979
21 0.0422 0.9999
22 0.0031 0.0000

PC = Principal Component

* The variance explained by each PC is the Eigen
value for that factor. Total variance is defined as
the sum of the positive Eigen values of the
correlation matrix

PC-4 : Guard cell length and guard
cell breadth

PC-5 : Fruit size and fruit shape

PC-6 : Leaf shape and leaf base

PC-7 : Stomatal frequency and
mesophyll thicknesg

PC-8 : Leaf shape (orthotropic shoot)
and colour of new shoot tip

Dispersion of cultivars between PC space

In order to study the relative position-
ing of various OTUs in relation to the
PCs it is necessary to plot the OTUs
against the PCs taking two each at a
time (X and Y coordinates). Such a PC
plot gives a visual idea on the contribu-
tion of each of the PC in differentiating
the different OTUs. This is done by
plotting the PC-scores of each of the
OTU between the two coordinates, each
one representing a PC. Figs. 1-3 repre-
sent such PC plots, showing the disper-
sion of OTUs. In these figures the OTUs
with large values (+ve or -ve) on the Y-
axis differ from others or the corre-
sponding factor represented by the Y-
axis,

Fig.1 gives the dispersion of 51 OTUs
between first and second PCs (repre-
senting leaf size index, leaf length, leaf
breadth and leaf thickness, lower epi-
dermal thickness and upper epidermal
thickness). This dispersion diagram high-
lights the following points. OTU 29
(Panniyur - 1) has large difference both
with regard to X and Y coordinates
indicating that both first and second
PCs are important in differentiating
this cultivar from others. OTU 4
(Balancotta) exhibits large difference
from X' coordinate thereby indicating
that the first PC is important in
differentiating this cultivar, OTUs 39

.and 49 (Vadakkan and Wild Coll. 2060)

have large difference with regard to X
coordinate, thereby showing that these
cultivars are differentiated from others
mainly due to the first PC. OTUs 42
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Table 2. Sorted and rotated loadings for the eight principal components in black pepper
cultivars

Variable PC-1 PC-2 PC-3 PC-4 PC-5 PC-6 pPC-7 PC-8
1 0.970  0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.876  0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.823  0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0875 0.000 0.000 0.000 0.000 0.000 0.000
6 0.000  0.851 0.000 0.000 0.000 0.000 0.000 0.000
7 0.000  0.757 0.000 0.000 0.000 0.000 0.000 0.000
14 0.000  0.000 -0.906 0.000 0.000 0.000 0.000 0.000
12 0.000  0.000 0.891 0.000 0.000 0.000 0.000 0.000
13 0.341 0.000 0.628 0.000 0.000 0.000 -0.2565  0.000
11 0.000  0.000 0.000 0.840 0.000 0.000 0.000 0.000
10 0.000  0.000 0.000 0.833 0.000  0.000 0.000 0.000
3 0.000  0.368 0.000 0.545 0.000 0.273 0.000 -0.343
19 0.000  0.000 0.000 0.000 0.816 0.000 0.000 0.000
17 0.000  0.000 0.000 0.000 0.641 -0.256 -0.332  0.000
20 -0.344  0.000 -0.253 0.000 0.577 0.000 0.000 0.000
16 0.000  0.000 0.000 0.000 0.000 0.885 0.000 0.000
15 0.000  0.000 0.000 0.000 0.000 0.795 0.000 0.000
9 0.000  0.000 0.000 0.000 0.000 0.000 0.700 0.000
8 0.000  0.358 0.000 - 0.000 0.000 0.000 0.000 0.000
18 0.000  0.000 0.000  0.000 0.000 0.000 0.000 0.779
22 0.000  0.000 -0.290 0.000 0.000 0.000 0.000 0.643
21 0.267  -0.297 0.000 0.000 0.000 0.000 0.388 0.416

PC = Principal Component

(Vellanamban), 26 (Nedumchola), 44
(Vokkalu) and 3 (Arimulaku) show large
negative differences from the X coordi-
nate thereby indicating that these char-
acters forming the first PC are impor-
tant in differentiating them from other
OTUs. OTU 5 (Bilimalligesara) has
large negative difference in the Y
coordinate representing the second PC,
while OTU 37 (Uddakere) has a large
positive difference from the Y coordi-

nate. This PC is therefore important in
differentiating the OTUs 5 and 37 from
all the others.

Fig. 2 gives the dispersion of OTUs
between the first the third principal
components. The largest variation with
regard to these PCs was given by OTU
44 (Vokkalu), thereby indicating that
both leaf and spike characters led to the
divergence of this cultivar. PC-3 (leaf
length - spike length index, spike length
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Fig. 1. Dispersion of OTUs between first and second principal components

and peduncle length) is important in
- differentiating OTU 19 (Kuriyalmundi),
- 47 (Wild Coll. 2009) and 49 (Wild Coll.
- 2060), all the three are having large
- negative differences from the Y coordi-
- nate, indicating that these cultivars get
~ differentiated from others by the third
- PC. OTUs 13 (Karimkotta) and 20
- (Kuthiravally) have large positive dif-
 ference from the Y coordinate indicating
that these cultivars are differentiated
from others mainly by long spikes,
peduncles and small LIJSL values.

OTUs 35 (Thommankodi), 32 (Poonjaran-
munda) and 29 (Panniyur-1) are the
other cultivars having large positive
differences from the Y coordinate indi-
cating that the third PC is important in
differentiating them from others,

Similarly, distribution of OTUs between
first and fourth PCs (Fig. 3) showed that
the fourth PC was responsible mainly
for differentiating OTUs 39 (Vadakkan),
20 (Kuthiravally), 17 (Kottanadan), 19
(Kuriyalmundi), 10 (Karimunda), 43
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Fig. 2. Dispersion of OTUs between first and third principal components
(Vellayaranmunda) and 36 their divergence from each other
(Thulamundi). and from other cultivars. Such

The dispersion patterns also reveal the
variability between the cultivars in-
cluded in the same group based on
centroid clustering. In other words, the
PC analysis helped to bring out the finer
differences among the related cultivars,
which are grouped by centroid linkage.
The study has brought out the following
general conclusions.

1) Certain cultivars remain as inde-
pendent entities thereby indicating

2)

cultivars are Panniyur - 1, Vokkalu,
Nedumchola, Kuthiravally,
Vadakkan and Karimunda.

Panniyur - 1, a hybrid between
Uthirancotta and Cheriyakaniak-
kadan, did not show any similarity
with its parents. This absence of
resemblance was seen in all the
scatter plots. In the centroid link-
age also, Panniyur-1 was in an
independent group as seen in the

SRR 1
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Fig. 3. Dispersion of OTUs between first and fourth principal components

dendrogram and correlation dia-

. gram. '

3) The majority of cultivars are dis-
tributed around the central point

- indicating their relative similarity,
and thereby can be included in a

- single group. This is comparable to
the group D obtained in the centroid

~ linkage clustering. The more dis-
tantly related ones occupied posi-
tions outside the central group.
Cultivars such as Panniyur - 1,

Vadakkan and Kuthiravally are so
distinct that they stand out in all the
scatter plots.

The above numerical taxonomic analy-
sis was useful in relating the extent of
divergence among black pepper and in
pointing out the divergence of charac-
ters that led to the differentiation of
cultivars. In order to understand fur-
ther the role of various PCs in differen-
tiating the OTUs, intra and inter clus-
ter D% were computed for each group
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formed as a result of the. c_entroid
linkage (Ravindran et al., this issue).

From this analysis the following conclu-
sions were drawn:

1) PC-1delineates cluster H from the
group of clusters E, I, J and K and
also from the group of clusters A, B,
C, D, F and G. The group nfcl}xsters
E, 1, J, and K can be considered as
distinct from the group of clusters
A, B, C, D, F and G though the
distinction is only marginal.

2) PC-2 joined clusters B and C and
separated them from the rest (A, D,
E, F, G, H, I, J and K). In other
"~ words, the nine cultivars repre-
sented in cluster B and C are
distinct from the remaining OTUs

as far as PC-2 is concerned.

3) PC-3 joined clusters F and H a_nd
delineated them from the remain-
ing OTUs.

4) PC-4 delineated the original group
of 11 clusters into four groups,
where cluster F and J are quite
distinct between themselves as well
as from others. Cluster G and I
could be joined with respect to PC-
4 and the rest (A, B, C, D, E and
K) could be joined as another group
of clusters.

5) PC-5 could delineate cluster H and
" F and also these two clusters from
the rest.

6) PC-6 could join cluster E and G and
~ separate them from the rest.

7) PC-7 could show cluster K as a
separate group from the rest.

8) PC-8 could form three major groups
of clusters, A & K, B, I & F and C,
D, E H&J.

Ravindran et al.

Thus the original 11 clusters were
grouped into eight PCs as summarised
below:

Pl : (AR CD.FGE LI K

H

PC2 : B, COABCDE G4,
K)

PC3 . (F,®MA B CDEGIJ,
K)

PC4 : (A,B,C,D,E,H KI(G DF
and J

PC-5 : (A,B,C,D,E, G,1,J,K)Fand
H

PC6 : (A,B,C, D, F, HIJ K)E,
G)

PC-7 : (A,B,C,D,F,G H,IJ) K

PC-8 : (A,K)(B,F, ) (C,D, E, G, H,
J)
This study helps to recognise the upder-
lying similarities among the cultivars.
Though a large group (cluster D) showed
fair degree of resemblances, the pres-
ence of distinct groups also pointed out
the fact that all the cultivars could not
have originated from a common stoc'k
but that their origins were separated in
space and time. Panniyur - 1 was for
example, formed to be distincly differen-
tiated on account of more than one PCs
as seen in the PC plots. Similar situa-
tions exist in the case of Karimunda,
Kuthiravally, Vadakkan, etc. Probably
they also might have orginated as
natural hybrids in the past. This is
plausible as natural crossing followed
by reproductive isolation as a result of
the absence of any active pollen transfer
mechanism in the otherwise dioecious
type, coupled with successful Vegetativle
propagation might have been responsi-
ble for the divergence noticed in the
cultivars (Ravindran et al., 1990). The
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cultivated black pepper are all selec-
tions or straight adoption from forest
grown plants. Such selection could have
been carried out many times at many
locations separated both temporally and
spatially. It is for the first time that
such a study has been carried out in
black pepper. In a similar study with
Piper  species ocurring in Western
Ghats, it was shown that PCA was quite
useful in establishing the nature of
divergence among the various species
(Ravindran et al., in press). The useful-
ness of PCA in the delimitation, both at
specific and intraspecific levels, has also
been shown in Cinnamomum spp. of
Western Ghats (Ravindran et al. 1995).

Absence of random mating and free

gene flow in Piper leads to isolation of
small populations (Ravindran 1990) and

these populations might have under-

gone divergence through segregation,
chance natural crossing and accumula-
tion of mutations leading to the origin
of variability in black pepper.
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