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The present study is the first attempt towards establishment o f a core collection o i  Hevea brasiliensis germplasm. The 
method adopted makes use of both quanritative data identified as morphological markers along with a set o f qualitative 
morphological characterization data for evaluating the diversity in the base collection using principal component 
scores and Shannon-Weaver Diversity Index. The functional relationship between the cumulative contribution of 
the wild Hevea accessions to the total sum o f squares and the number o f accessions, which was essentially a logistic 
regression model, was used to decide the appropriate size for the core set. The method selected 23 wild accessions 
o f wild H. brasiliensis constituting 28.75%  o f the base population.
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IN TRODUCTION

Germplasm collections form an invaluable 
reservoir of genetic diversity of agriculturally 
important crops and of native plant species, 
many of which are being lost worldwide due 
to habitat destruction, invasion of foreign 
species and reliance on fewer high yielding 
geno types. In view of the long-term needs of 
mankind, countries all over the world have set 
up facilities for conservation and management 
of large collections of germplasm of various 
crops for their use by breeders and research 
workers either directly or indirectly. The 
usefulness of the collections largely depends 
on the extent of genetic diversity present in 
such collections. Most gene banks include a 
large number of accessions posing serious

problems in its management and accessibility 
for breeding purposes besides imposing severe 
limitations on land and resources (Frankel, 
1984; Frankel and Brown, 1984).

Recognizing the problems associated with 
large germplasm collections, Frankel (1984) 
proposed the concept of core collection, which 
was further elaborated by Frankel and Brown 
(1984) and Brown (1989). A core collection 
is defined as a subset consisting of a limited 
set o f accessions derived from the base 
collection, chosen to represent the genetic 
spectrum in the whole collection. It is a 
manageable-sized, structured sa«iple 
representing the diversity of the collection. The 
degree to which a collection represents the 
genetic diversity available in the species is more
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important than its size. Nevertheless, capturing 
a wide range of diversity can require a relatively 
large num ber o f accessions. T h e core is 
expected to include the maximum possible 
genetic diversity in the base population with 
practically no duplication of accessions. The 
overall objective o f establishment o f core 
collection is to get a collection conserved better 
and used more effectively, along with savings 
through economy o f size.

The core set contains materials o f highest 
priority for conservation and evaluation and 
is the suitable material for developing an 
adequate list o f descriptors (Brown, 1995), 
while for breeders, it represents a logical first 
set o f accessions to be searched for desirable 
alleles for finding donors of various characters 
for use in hybridization. Brown et al. (1987) 
developed the first core collection from the 
Australian collections of perennial Glycine spp. 
Since then a number o f core collections have 
been established for different crops.

T h ere  is a large assem blage o f  wild 
germplasm o f rubber {H evea brasiliensis) 
collected during the 1981 International 
Rubber Research and Development Board 
(IRRDB) expedition to the center of origin in 
Brazil and distributed among the member 
countries. India is maintaining around 4500 
of the above collection. The unmanageable size 
o f the collection of this perennial tree crop 
ofi:en poses limitations for a quick and effective 
evaluation and identification o f the desired 
genetic variability. At present the wild 
accessions are being evaluated for various 
agronomic characters in field evaluation trials, 
in small batches taken directly from the base 
gene pool. However, it will take considerable 
time and resources to evaluate the entire 
collection for secondary characters to identify

genetically divergent accessions. On the other 
hand, if a core collection is established, it will 
serve as an easily accessible set o f clones that 
represent the genetic variability available in the 
base collection.

MATERIALS AND M ETH O D S

D ata collected from a set o f  80 wild 
accessions of H. brasiliensis from a preliminary 
field evaluation trial at the Central Experiment 
Station of Rubber Research Institute of India, 
Chethackal, Kerala, was used for this study. 
The material belonged to the 1981 IRRD B 
wild Germplasm collection and represented 
three provenances in Brazil viz.. Acre (25 
accessions), Rondonia (27 accessions) and 
M ato Grosso (28 accessions). They were 
planted in a field trial employing a simple 
lattice design with four replications.

Factor analysis carried out in an earlier 
study in the same set o f accessions (Abraham, 
2001) using a set o f 33 quantitative characters 
comprising growth, leaf and bark anatomical 
characters recorded in the third year o f 
growth, identified 12 marker characters viz., 
girth, number o f leaves, length o f the petiole, 
number o f stomata and epidermal cells per 
unit area o f leaf surface, thickness o f lamina, 
number o f cells per unit length o f spongy 
layer, bark thickness, total number o f latex 
vessel rows, height o f phloic rays, diameter 
o f latex vessels and density o f latex vessels 
(Table 1). Apart from these quantitative 
characters, a set o f 18 qualitative characters 
th at d escribed  the morphg^logical 
characteristics viz., nature of nodes, shape and 
size o f leaf storey and leaves along with other 
foliar characters in the same accessions using 
relevant descriptors (Abraham, 2001) was 
used for com p u tin g  the standardized
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Table 1 . Quantitative characters with their range and mean used for principal component analysis
Character Minimum

(Accession)
Maximum

(Accession)
Mean

Girth (cm) 4 .72 cm 

(M T 929)

10.41 

(RO 322)
7.38

Total number o f leaves 41.2 

(M T 929)
119.8

(RO 322)
69.8

Petiole length (cm) 13.03 
(M T 1064)

32.47 

(RO 8 8 6 )
2 1 . 8 6

Number o f stomata per mm  ̂area 281.16 

(M T 1028)
612.67 

(M T 928)
433.87

Number of epidermal cells per mm  ̂area 1132.84 

(M T 1028)
2741.23 

(RO 369)
1711.5

Thickness of leaf blade (pm) 0.1107
(RO 380)

0.176

(AC953)
0.1371

Number of cells /mm spongy layer 189.24 

(AC 706)

417.06 

(AC 650)
273.95

Total bark thickness (mm) 2

(RO 8 8 6 )
4

(RO 395)
2 . 8 6

Total number o f latex vessel rows 2.99 

(M T 1031)
1 1 . 0 1  

(RO 399)
5.81

Height o f phloic rays (|im) 0.18 

(M T 1024)

0.41 

(AC 644)
0.29

Diameter of latex vessels (pm) 13.44 

(M T 906)
34 

(M T 899)
21.46

Density of latex vessels/row/mm 11.5

(RO 399)
25 

(RO 894)
17.15

Shannon-Weaver diversity index (SD I) to 
assess the phenotypic diversity (Table 2). The 
method used in this study made use o f the 
fu n ctio n a l re lation sh ip  betw een the 
cumulative contribution o f the wild Hevea 
accessions to the total sum o f squares (TSS) 
and the number o f accessions (Balakrishnan 
et al., 2000). The size o f the core set is decided 
by a cut-off value when the rate o f increase 
o f  the cum ulative co n trib u tio n  o f  the 
accessions to TSS reaches a maximum value, 
even though the sampling is continued until

the cumulative contribution to the T S S  
reaches a maximum o f 100.

Statistical analysis

Principal component analysis was carried 
for the 12 quantitative characters. T he 
principal component scores for all th ?  12 
components were computed for each o f the 
80 accessions. The contribution o f the i*  
accession to the total variability (or Total Sum 
of Squares) o f the system was computed based 
on Noirot et al. (1996) as
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Table 2. D escriptor states for each character and 
Shannon- Weaver Diversity Index (SDI) for 
the base population and the core set

Qualitative trait
No of 

descriptor 
states

SDI values
Core 

set
Base

population
Axillary buds 

Leaf scars margin 

Leaf storey shape 

Leaf storey separation 

Leaf storey appearance 

Pulvinus 

Petiole shape 

Petiole size 
Petiole angle 

Petiole orientation 

Leaflet color 

Leaflet luster 

Leaflet shape 

Leaflet margin 

Leaflet size 

Leaflet cross 

sectional appearance 

Leaf tip 

Leaflet surface

3 

2

4

3 

2  

2

4 

3 

3 

3 
2  

2  

3 

3 
2

0.9900

0.9873

0.9973

0.9904

0.9979
0.9918

0.8729

0.9956

0.9907
0.9724

0.9865

0.9963

0.9789

0.9855
0.9936

0.9464

0.5497

0.9875

0.9800

0.9807
0.9594

0.9884

0.9810

0.9823

0.8543

0.9907
0.9850

0.9662

0.9811

0.9916

0.9610

0.9812

0.9935

0.9268

0.5197

0.9577
Average 0.9562 0.9434

‘ Y--'li
P. = 1 ;

where, y.. is the component score o f the i*  
accession for the j *  principal component and 
t is the number of principal components.

The relative contribution of the i*  accession 
was computed as

CR. = (P./Total sum o f squares) * 100 

where, total sum o f squares is equal

to Z  P.
1.

The constitution of the core collection was 
validated by com paring the phenotypic 
diversity in the two sets. To evaluate the 
phenotypic diversity in the wild accessions in

terms o f each o f the 18 qualitative descripors, 
the Shannon-Weaver diversity index (SDI) was 
computed using the formula:

S D I=  -Zp^log^(p;

where, s is the number of phenotypic classes 
or descriptor states for a given qualitative 
descriptor and p . is the proportion o f the total 
number o f accessions in the class (Shannon 
and Weaver, 1963; Jain 1975). The index 
was standardized to keep its value in the range 
0 to 1, by dividing the value by log s (Li et a i ,  
1996).

To identify pairs o f accessions which have 
a high degree o f similarity and to cull out 
probable duplicates from the final core set, a 
coefficient o f similarity (Gower metric) was 
computed for each pair of accessions i and j  
by the formula as suggested by Harch et al. 
(1996).

p-\

where, m is the number o f descriptors 
(which includes qualitative, binary and 
quantitative descriptors considered for the 
analysis), Rostands for the range in case of 
quantitative descriptor or 1 for qualitative trait;

and x̂  ̂stand respectively for the values for 
th e d e s c r ip to r  for the and/'' accessions. 
In the case o f qualitative or binary descriptor, 
the quantity in parentheses equals 0 if  the states 
are identical or 1 if  they are not. The value of 
the similarity coefficient always lies between 0 
and 1 and a value o f 1 indicates an exa« match 
or duplicate.

For further validation o f the core collection, 
various measures for retention o f diversity and 
tests o f significance in the core collection were 
also carried out, as given below.
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i. Measures o f retention o f diversity in the 
core collection

a. Retention(%) o f Range = i y

b. Retention (%) o f CV = i y
m

c. Retention (%) o f SD I = i y

oo(l)

100 (2 )

S D L ,

SDL, 100 ( 3 )

where, the subscripts (CC) and (W C) 
indicate the respective values in the core 
collection and the base collection respectively, 
and indicates the sum m ation over m 
qualitative attributes. An SD I retention 
percent o f  more than 100 implies higher 
diversity in the core subset (ie, a better and 
evenly distributed frequency patterns o f the 
attribute states) with respect to the descriptors 
under consideration.

ii. Tests o f significance for differences in 
mean and variance o f a quantitative trait in 
the core subset from the base collection values.

The deviation o f the mean o f the core 
subset from that of the base collection for each 
individual trait can be tested for statistical 
significance by using the standard normal 
Z-test. For testing the deviation o f the core 
collection  SD  (s) from  that o f  the base 
collection SD (6) for each individual trait, a 
standard normal test can be carried out using 
the property that for large n (the core collection 
size), loĝ (ŝ ) follows a normal distribution with 
mean log (̂o )̂ and variance (2/n-l).

RESULTS AND D ISCU SSIO N

M any approaches in constructing core 
collections have been developed over the years. 
Several sampling methods to select entries for 
the core collections have been suggested

ranging from random sampling (Brown, 1989; 
Charmet and Balfourier, 1995) to stratify 
sampling (Peeters and M artinelli, 1989 ; 
Yonezawz et al., 1995; Balfourier 1999; 
Li et al„  2004). Zewdi et al. (2004) have 
reported establishment o f core collection in 
Capsicum germplasm by clustering and then 
by system atic selection o f  a num ber o f  
accessions per cluster based on the presence of 
unique traits. Also, the criteria used to assess 
the degree o f diversity in the core are most 
often based on phenotypic values such as 
mean, range, variance and Shannon-Weaver 
diversity index (Galwey, 1995). Alternative 
procedures such as the use o f genetic markers 
(Hintum, 1994; Schoen and Brown, 1995) or 
the use o f coefficient o f parentage (Hintum 
and Haalman, 1994) have recently received 
much attention.

Core collections formed by simple random 
sampling, a procedure most widely reported 
in several crops, gives a satisfactory  
representation of the phenotypic variation of 
the original gene pool. However, this 
procedure has the disadvantage that it does not 
eliminate the possibility o f  duplication or 
doubling o f entries and, yet, it is equally clear 
that any particular rare variant, found perhaps 
in only one entry o f the whole collection, is 
likely to be absent from the core (Brown and 
Spillane, 1999).

The concept o f core collection does not 
clearly define the size and content. Frankel and 
Brown (1 9 8 4 )  and Brown (1 9 8 9 )  Had 
suggested a 10% size for the core collection in 
fairly large germplasm collections.

Principal component analysis was carried 
out on the 12 quantitative characters, by which 
the individual contribution o f each of the 80
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wild H. brasiliensis accessions to the total 
variability orTSS was estimated. Based on this, 
the accessions were sorted in the descending 
order w ith respect to their relative 
contributions. This procedure eliminates 
iterative selection and provides verification of 
the diversity in terms o f SD I. It also ensures 
that the size o f the core set depends on the 
diversity o f  the entire co llection . T h e 
cumulative contribution to the TSS for the 
wild accessions was also worked out by adding 
the contribution o f each of the accessions to 
the TSS. The cut-off value for inclusion of 
accessions in the core set was decided by the 
maximum curvature method (Fig. 1) as the

Table 3. Frequency distribution o f the accession pairs 
for the Gower metric distances

Fig. 1. Rate o f increase of cumulative contribution to 
the TSS by the accessions

number o f accessions at the point when the 
rate o f increase of the cumulative contribution 
to TSS reached a maximum value, which was 
4 9 .52  in this study. Accordingly 27  wild 
accessions with their cumulative contribution 
below 50.86 were selected in the preliminary 
subset (Fig. 1). These included 6 accessions 
from Acre, 8 from Rondonia and 13 from 
Mato Grosso.

The Gower metrices were worked out for 
all possible pairs o f the 27 accessions in the

Gower metric 
distance class

Frequency of 
accession pairs

< 0 . 6 62

0.6 -  0.7 187
0.7 -  0.8 1 2 2

0 .8 - 0 .9 7

preliminary core set, to identify the similar 
accessions and to eliminate one of them. Seven 
pairs o f accessions recorded Gower metric 
values in the range o f 0.8 to 0.9 (Table 3). 
From each pair o f accessions thus identified 
as closely related, the accession that had 
contributed more to the TSS compared to its 
cou nterp art alone was retained in the 
preliminary core set.

From the seven pairs identified as closely 
related accessions, viz, (M T 928, M T  1011), 
(M T 928, M T  1008), (M T 928, M T  931), 
(M T 1011 ,M T  1008), (M T 1011 ,M T  931), 
(M T 948, AC 627) and (AC 627, RO 330) 
four accessions M T  1011, M T  1008, M T  
931 and AC 627 were removed from the core

Table 4. Final Ust o f wild accessions included in the 
core set

Serial
number

Accession Serial
number

Accession

1 R 0  369 13 M T  906
2 M T 9 2 8 14 R 0  255
3 AC 453 15 R 0  322
4 M T 9 4 4 16 R 0  859
5 M T  1005 17 R 0  330
6 R 0  399 18 M T 9 2 0
7 M T  1031 19 M f* l0 2 9
8 R 0  317 2 0 R 0  319
9 AC 1043 2 1 M T 9 4 7

1 0 AC 754 2 2 M T  929
1 1 AC 657 23 AC 644
1 2 M T  948
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set as possible duplicates as their relative 
co n trib u tio n  was less than that o f  the 
counterpart accession in the combination. 
Hence the preliminary core set was finally 
limited to 23 accessions in the final core set 
(Table 4), which constituted 28.75%  of the 
base population.

The choice of proportion o f accessions to 
be included in the core is arbitrary, usually in 
the 5 to 20%  range, and will depend on the 
purpose of the core collection. Malosetti etal. 
(2 0 0 0 )  established a core co llectio n  
constituting 19.5%  of the base population in 
a spring barley collection o f 231 accessions on 
two considerations viz. (a) manageable number 
o f accessions, and (b) more representative of 
the small base collection. Yonezawa et al. 
(1995), in determining the sampling strategies 
utilizing the genetic diversity component, 
suggested a 20-30%  core collection size as the 
best. Hence the 28.75%  core size derived in 
this study is justifiable as a relatively small 
co lle c tio n  o f  4 9 6 7  access io n s o f  w ild  
H. brasiliensis germplasm in India is thus 
expected to have a core size o f approximately 
1400 accessions which is manageable and 
representing the true diversity o f the base 
collection with the minimum chances o f losing 
valuable representatives.

Establishing a core collection for clonal 
crops has several advantages in terms o f 
maintenance, evaluation and utilization. One 
important factor is that field gene banks are 
very expensive to run and are exposed to 
damage and loss (Morales eta l. 1995). In the 
case o f H. brasiliensis, the maintenance o f a 
base collection o f wild germplasm cannot be 
avoided, irrespective o f attempts to establish a 
core collection, since established protocols for 
alternative methods o f conservation by in vitro

methods or cryopreservation are lacking. 
However, identifying a core collection for the 
wild H. brasiliensis gene pool will enable 
concentrated evaluation of the core set under 
field con d itio ns, thus saving tim e and 
resources.

The diversity index of Shannon and Weaver 
(1963) used as a measure o f phenotypic 
diversity for morphological descriptors has also 
been used by many other workers (Polignano 
et a l ,  1999; Balakrishnan et a i ,  2000). The 
final core set and the base collection were 
separately tested for phenotypic diversity for 
18 qualitative characters based on SD I, in 
order to verify the representative nature of the 
core set identified in terms of diversity. Such a 
comparison of SD I values between the two sets 
o f accessions will ensure that the size of the 
core set depended on the diversity o f the entire 
collection. It was found that the SD I values in 
both the sets were almost identical for all the 
18 characters with an average SDI o f 0 .9562 
for the base population and 0.9434 for the new 
core set established (Table 2 ) . C lose 
correspondence o f SD I values between core 
collections and their base population was also 
reported by Balakrishnan et al. (2000) in 
sugarcane germ plasm  using the same 
methodology where the SDI values for the base 
collection and the core set established was 
0 .7400 and 0 .7500 respectively. Estimates o f 
SD I for descriptors across eight geographical 
regions in the whole and core subsets were 
reported for faba bean germ plasw  by 
Polignano et a t  (2001) where the indices for 
the core subsets were found to be very close to 
that o f the base population, with the mean 
diversity index ranging from 0.92 to 0 .96 and 
from 0.90 to 0.92, respectively.

......... .
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Table 5. The retention percentages o f range, CV and 

SDI
Retention percentage

Table 6 . Z values computed for each of the quantitative 
characters studied

Range

CV

SDI

78.97

99.07

98.56

Other validation procedures were also 
adopted in this study to confirm  the 
representative nature of the core set identified. 
The degree of retention of the range, CV  and 
SD I o f the base population in the core set was 
computed. The core was successful in retaining 
79.97%  of the range of the base population, 
while the retention percentages of CV  and SDI 
were close to 100 (Table 5), implying that the 
diversity of the core set and the base collection 
were same. In the validation study using 
computed Z values for each of the quantitative 
characters (Table 6), all Z values were found 
to be non-significant indicating no significant 
differences between the means o f the base 
collection  and the core for each o f the 
quantitative trait. All the validation procedures 
carried out clearly indicate that the core set is 
truly representative of the base population, and 
hence the method is highly useful in the 
establishment of a core collection in wild Hevea

Character Z test

Girth (cm) 1.05 NS

Total number of leaves 0.87 NS

Petiole length (cm) - 1 . 1 0 NS

Number of stomata per mm  ̂ area 0.77 NS

Number of epidermal cells per mm  ̂ area -1.39 NS

Thickness of leaf blade (pm) 0.58 NS

Number of cells /mm spongy layer 0 . 1 2 NS

Total bark thickness (mm) -0.52 NS

Total number of latex vessel rows 0 . 6 6 NS

Height of phloic rays (pm) 0.80 NS

Diameter of latex vessels (pm) 0 . 0 1 NS

Density of latex vessels/row/mm -0.37 NS

germ plasm . A ccordingly, the 23  wild 
accessions identified were selected for inclusion 
in the final core set collection.
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