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ABSTRACT
Factor analysis is a iisehil statistical tool to reduce the total number of characters to be studied by identifying 

marker characters, which will accommodate the inheritance of a set of associated characters. A pooled factor 
analysis of 33 variables representing morphological, leaf and bark anatomical characters in the early growth 
phase of 80 wild genotypes of Natural Rubber (Hevea brasiliensis), with the popular clone R R II105 as control, 
was carried out in an evaluation trial at the Central Experiment Station of Rubber Research Institute of India. 
Twelve factors were identified, influencing 12 groups of characters out of the total 33 characters subjected to the 
analysis.

Of the twelve factors identified, three factors controlled the morphological characters, five bark structural 
characters and four leaf anatomical characters. The characters identified with maximum factor loadings in each 
group include girth, total number of leaves per plant, petiole length, inter flush distance, number of stomata and 
number of epidermal cells per unit area of leaf lamina, single leaf area, thickness of lamina, number of cells per 
unit length of spongy layer, total bark thickness, total number of latex vessel rows, height of phloic rays, diameter 
and density of latex vessels. It can be seen that the 12 factors accounted for 8130% of the total variance, which 
will sum up the information in the original data of the 33 selected characters. Thus the dimension of the data 
could be reduced to the 14 variables, controlled by 12 factors. This is of great significance in building up of core 
collections using data of selected marker characters and also in multivariate studies in germplasm evaluation 
trials to identify the main factors of divergence.

IN TRO D U C TIO N

T h ^  ru b b e r plar\tations in  th e east, 
producing a major share of the total production of 
Natural Rubber, originated from a narrow genetic 
b ase . From  th is  sm all g e n e tic  fo u n d atio n , 
su bstantial im provem ent in productiv ity  has 
already been achieved. However, there has been 
a slow down in genetic advance in the recent years, 
which is attributed mainly to the narrow genetic 
b ase . H en ce , a c tio n  w a s in itia te d  at the 
international level for enriching the original gene 
pool by in trod u cing  a la rg e  quantity  of w ild 
genmplasm from the center of diversity, in Brazil. 
T h ese  are b e in g  c o n se rv e d , ch a ra cte riz ed , 
evaluated and docum ented in different rubber 
producing countries inclu ding India w ith the 
objective of u tilizing them  for broadening the 
genetic base and thereby achieving further genetic 
improvement of Hevea. The w ild germplasm is a 
rich source of many potential genes resistant to 
variou s b iotic and abiotic stresses. H ence, a 
system atic screening is essential for identification 
o f valuable genotypes for d irect use and / or 
incorporation into the breeding pool.

Evaluation o f germ plasm  introduced and 
their incorporation in the breeding poogrammes

are the tw o most im portant steps involved in 
broadening the genetic base. Evaluation includes 
biometric study of the morphological traits (Lesprit 
and  N ouy, 1984) and  re la ted  c h a ra c te rs  of 
individual genotypes. One of the constraints in 
the successful and quick utilization of the wild 
g erm p lasm  is the d elay  in ch a ra cte riz a tio n , 
evaluation and cataloguing of the wild germplasm. 
In the genetic evaluation of the wild germ plasm  
o f H evea, large num ber o f m orphological and 
anatomical traits are recorded in the early years of 
its growth for estimation o f the genetic variance, 
genetic parameters and genetic correlations among 
these characters. It gives an indication o f the 
genetic w orthiness of this wild material, in the 
immature phase itself. The recording of data on 
such large num ber o f ch aracters is very  tim e 
consum ing, especially  w hen large num ber of 
gen oty p es ev a lu ated . In terco -re la tio n s  and 
interdependence exist am ong such variables in a 
multivariate data, which may b e due to certain 
unobservable factors (Rugmini and Balagopalan, 
1994). Application o f multivariate data analysis 
has becom e a popular method mainly because it 
can provide information not otherwise accessible. 
Hence, in the present study, a factor analysis by 
means o f principal com ponent analysis method



was carried out to reveal such underlined factors 
in groups of related variables. Factor analysis is a 
useful statistical tool to reduce the total number of 
variables to b e  studied  by  identify ing m arker 
variables, w hich will accommodate the inheritance 
of a set of variables associated w ith it.

The study w as carried out with the objective 
to analyze sets o f related variables for identifying 
principal factors o f divergence so as to ^ o r t  list 
the variables to be studied, in the future ex’aluation 
p ro g ram m es in v o lv in g  g e n e tic  d iv erg en ce 
estim a tio n s  an d  fo r  e s ta b lish m e n t o f core 
collections from large num ber o f wild accessions.

M A TERIA LS A N D  M ETH O D S

Eighty genotypes belonging to the 1981 
International Rubber Research and Development 
and Board (IR R D B ) co llectio n  o f  w ild H evea  
germplasm planted in a field evaluation trial in 
1992 at the Central Experiment Station, Chethakal 
was used for this study. The popular done RRII 
105 w as u sed  as th e  co n tro l. T h e  selected  
genotypes represented accessions from the three 
provinces of Brazil - Acre (AC), Rondonia (RO) and 
Mato Grosso (MT) w ith 25, 27 and 28 genotypes 
respectively (Table 1).

Genotypes w ere planted in a simple lattice 
design with 4 replications and 4 plants per plot in
2 S  X 2.5m  spacing. In  the first year after planting, 
m o rp h o lo g ica l ch a ra cte rs  lik e  g irth , height, 
number of leaf w horls and total num ber of leaves 
per p lant, in ter-w horl d istance, length of the 
petiole, total leaf area and leaf area index were 
recorded. In  the third year after planting, data on 
num ber of stom ata and number of epidennal cells 
per mm^ of the leaf surface, stom atal index, leaf 
structural characters like thickness of the leaf blade, 
midrib, palisade layer and spongy layer of cells, 
num ber of cells per 0.01m m  length of the palisade 
and spongy layers, thickness of the epicuticular 
wax layer and single leaflet area were recorded. 
In the sam e year, bark structural characteristics 
viz., bark thickness, thickness of soft bark and hard 
bark, num ber of latext vessel rows o f soft bark and 
hard bark regions, total num ber o f latex vessel 
rows, average distance between the latex vessel 
rows in the soft bark region, density of latex vessels

per TOW per m m  circu m feren ce of th e p lan t, 
diameter of the latex vessels, total cross sectional 
area of the latex vessels, frequency, length, width 
and length-w idth ratio o f the phloic rays were 
recorded.

Factor analysis was done using principal 
component analysis method since it is used widely 
(Harman, 1976 and Rencher, 1998). The factors 
were subjected to varimax rotation.

R E S U IT S  AN D D ISC U SSIO N

Factor analysis refers to the sta tis tica l 
techniques whose common objective is to represent 
a set of variables in terms of a smaller num ber of 
hypothetical variables. Hence, the complexity of 
recording, analyzing and interpreting a host of 
multivariate data in field experiments, especially 
in a perennial tree crop like rubber, can be lessened 
by adopting factor analysis whereby the breeder 
benefits from this character reduction technique, 
to concentrate on selected independent m arker 
characters w hich also represents other characters 
related by their likeness in inheritance. This will 
be of great importance in the development of core 
collections of w ild Hevea germ plasm  from  the 
available large gene pool.

Factor analysis is the most common method 
used for identifying the factors of divergence in a 
multivariate data. In this study, a pooled set o f 33 
characters representing the m orphological, leaf 
and h c ik  anatomical characters in the wild Hevea 
germplasm used for factor analysis to get a set of 
reduced num ber of new orthogonal variables. 
M ydin (1992) reported factor analysis in tw o 
genetically divergent clusters of Wickham clones 
wherein the yield factors comprising dry rubber 
yield, latex flow rate, volum e of latex, length of 
tapping panel and plugging index were identified 
as the main factors of divergence.

Factor analysis carried out in the above set 
of variables identified 12 factors, which accounted 
for 82.30%  variability  in these 33 variables. It 
should be stressed  that this m ethod estim ates 
o n ly  m a th e m a tica l a sso c ia tio n s  am on g  th e 
multivariates. The most im portant aspect is that 
this should  b e  su pplem ented  w ith b io log ica l 
interpretation of these associations, which should



Table 1. L ist o f the 80 w ild  genotypes selected for the study

SI. No. National 
A ccession num ber

International 
genotype code

SI. No. N ational 
A ccession num ber

International 
genotype code

1 AC 426 AC/F/5/117 41 RO 369 RO/C/8/130
2 AC 453 AC/F/5/220 42 RO 380 RO/C/8/177
3 AC 604 AC/S/11/1 43 RO 381 RO/C/8/179
4 AC 624 AC/S/11/107 44 RO 395 RO/C/8/302
5 AC 626 AC/S/n/111 45 RO 399 RO/C/8/327
6 AC 627 AC/S/11/113 46 RO 859 RO/CM/12/26
7 AC 629 AC/S/11/155 47 R 0  868 RO/CM/12/44
8 AC 632 AC/S/11/198 48 RO 876 RO/CM/12/91
9 AC 644 A C /S/n/282 49 RO 879 RO/CM /32/100

10 AC 647 AC/S/11/327 50 R 0  883 RO/CM/12/110
11 AC 650 AC/S/11/348 51 RO 886 RO/CM/12/115
12 AC 654 AC/S/9/5 52 RO 894 RO/CM/12/136
13 A C  657 AC/S/10/15 53 M T 899 M T/IT/16/2
14 AC 706 AC/S/12/18 54 M T 901 M T/IT/16/6
15 AC 733 AC/S/10/21 55 MT 906. M T/IT/16/12
16 AC 754 AC/S/10/79 56 MT 920 MT/IT/16/81
17 AC 953 AC/F/6B/11 57 M T 922 M T/It/16/94
18 AC 959 AC/F/6B/21 58 M T 929 M T/IT/16/135
19 AC 963 AC/F/6B/27 59 MT 931 M T/It/16/13S
20 AC 966 AC/F/6B/35 60 MT 935 M T/IT/16/174
23 AC 979 AC/F/6B/79 61 M T 944 MT/IT/16/203
22 AC 986 AC/F/6B/104 62 MT 945 M T/IT/16/210
23 AC 995 AC/F/6B/169 63 M T 947 M T/IT/16/212
24 AC 1043 AC/S/12/365 64 MT 948 M T/IT/16/213
25 AC 1090 AC/F/6A/121 65 M T1005 M T/C/1/60
26 R 0 2 5 4 RO/OP/4/12 66 MT 1007 M T/C/1/68
27 R 0  255 RO/OP/4/15 67 M T 1008 M T/C/1/69
28 RO 256 RO/OP/4/27 68 M T 1011 MT/C/1/75
29 RO 257 RO/OP/4/49 69 M T1021 MT/C/1/91
30 RO 287 RO/OP/4/139 70 MT 1024 MT/C/1/99
31 RO 311 RO/C/9/127 71 M T 1025 , M T/C/1/102
32 R 0  316 RO/C/9/141 72 M T 1028, M T/C/1/108
33 RO 317 RO/C/9/142 73 M T 1029 M T/C/1/109
34 R 0  319 RO/C/9/152 74 MT 1030 MT/C/1/113
35 RO 322 Ro/C/9/157 75 M T 1031 MT/C/1/116
36 R 0 3 2 8 RO/C/9/174 76 MT 1055 M T/C/10/20
37 R 0  330 RO/C/9/179 77 MT 1057 M T/C/10/24
38 R 0 3 3 8 RO/C/9/203 78 MT 1063 M T/C/10/94
39 R 0  352 RO/C/9/308 79 M T 1064 MT/C/10/102
40 R 0  364 RO/C/8/98 80 MT 1077 MT/C/7/37



be done based on logics. All the variables were 
grouped w ith respect to the factors identified and 
m arker variables w ere identified based on the 
factor loadings for each character (Table 2 and 3). 
In the present study, the first factor w as found to 
be associated with six of the growth characters - 
height, girth, num ber of leaf flushes/plant, total 
num ber o f leaves per plant, total leaf area and leaf 
area index w ith factor loadings of 0.8439, 0.8793, 
0.9067,0.9630,0.9482 and 0.9475 rrepectively. This 
factor had the m aximum contribution of 18.1% to 
the total variance. All these six variables can be 
expected to beha . e alike in their inheritance, as a 
single factor is believed to control the inheritance 
o f  th e se  v a r ia b le s . O f th ese  v a ria b le s , the 
maximum factor loading w as recorded for the total 
number o f leaves per plant, which could be treated 
as a m arker variable in this group representing all 
the o th e r five v ariab les in any fu tu re study 
involving these variables. However, girth of the 
plants has to be singled out even though it comes 
alongwith the other five growth characters, as the 
uniqueness of girth as the most important indicator 
of vigor in rubber has been proved beyond doubt.

T h e  seco n d  fa c to r  w as fou n d  to  be 
asso cia ted  w ith  a set o f five bark  stru ctu ral 
characters viz. - num ber of latex vessel rows in the 
hard bark and in the soft bark, total number of latex 
vessel rows in the bark, average distance between 
the latex vessel rows in the soft bark and laticifer 
area index contributing 12.2% of the total variance. 
Total num ber o f latex vessel rows w as identified 
as the m arker character to represent the remaining 
four structural traits, as it carried the maximum 
factor loading of 0.9531.

Factor three w ith 9% contribution to the 
total variance was associated with the characters 
related to the thickness of the bark i.e., total bark 
thickness, thickness of the soft bark and hard bark. 
Here, total bark thickness was found to have the 
m ax im u m  fa cto r  lo a d in g  of 0 .9409  and can 
represent the thickness of soft bark and hard bark 
in their inheritance pattern.

Two leaf structural characters identified 
with the factor four were the number o f epidermal 
ceils per unit area of leaf lamina and stomatal index 
contributing 7.5% to the total variance. Number 
of epidermal cells per unit area had a factor loading

of 0.9266 and hence can be identified as the marker 
character.

Four of the important leaf structural traits - 
thickness o f the lamina, thickness o f leaf midrib, 
th ickness of palisade and thickness o f spongy 
lay ers - w ere associated  w ith the factor five, 
accounting for 6.5% o f the variance. Thickness of 
the lamina could be identified as the m arker trait 
in this group with the maximum factor loading of 
0.9045.

Factor sbc w as associated with two traits - 
petiole length and single leaflet area. These two 
traits contribu ting  5 .5%  of the total variance, 
carried almost equal factor loadings o f 0.7530 and 
0.7590 respectively and may be considered as two 
independent traits as the factor seem s to have an 
equal control in their inheritance.

Three leaf structural traits were associated 
with the factor seven viz. number of cells per unit 
length o f palisade layer and spongy layer and 
thickness of the cuticle. The m axim um  factor 
loading (0.7706) w as for the num ber o f cells per 
unit length of spongy layer, identifying it as the 
prom inent character among the three variables. 
This factor also had a similar contribution like the 
previous factor w ith 5.3% contribution.

Factor eight w as associated with the width 
of phloic rays and diam eter of latex vessels, more 
factor loading (0.8917) being for the diam eter of 
latex vessels which becom es the m arker character 
in this group. This factor accounted for 4.6%  
variance. Height of phloic rays and the height/ 
wid th ra tio of phloic rays were associated together 
by the ninth factor w ith a contribution of 3.7%  and 
the heigh t of p h lo ic rays having m ore factor 
loading (0.8515). Factor ten contributing 3.6% to 
the total variance, w as associated with a single 
character - the inter-flush distance w ith a loading 
o f  0 .8 2 0 8 , w h ich  can  b e  co n sid ere d  as an 
independent trait. Frequency of phloic rays and 
density of latex vessels were associated together 
w ith the next factor, which accounted for 3.2% 
variance and more factor loading was seen for 
density of latex vessels (0.8490). The last factor 
was associated w ith only a single character, the 
number of stomata per unit area of the lamina, with 
a factor loading of 0.9501 contributing 3.2%  of the 
total variance.
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Table 3. D istribu tion  o f  various characters among the 12 factors identified

Factor Per cen t of 
variance

Characters associated

1 18.1 Total no. of leaves (0.9630), girth (0.8439), height (0.8739), no. of leaf 
w horls (0.9067), total leaf area (0.9482) and Leaf area index (0.9475)

2 12.2 Total no. o f latex vessel rows (0.9531), Latex vessels in hard bark 
(0.7759), LV in soft bark (0.8861), average distance betw een latex vessel 
rows in soft bark (0.6477), total cross sectional area of latex vessels 
(0.6400)

3 9.0 Bark thickness (0.9409), thickness o f soft bark (0.5214), thickness of 
hard bark (0.8427)

4 7.5 N o. o f epiderm al cells per unit area o f lea f lam ina (0.9266), stomatal 
index (0.8758)

5 6.5 Thickness of * lamina (0.9045), midrib (0.5597), palisade layer (0.5530) 
and spongy layers (0.7795)

6 5.5 Length o f petiole (0.7530), Single leaflet area (0.7590)

7 5.3 No. o f cells per unit length of - spongy layer (0.7706), palisade layer 
(0.5930) and thickness of cuticle (0.7021)

8 4.6 D iam eter of latex vessels (0.8917) and width of phloic rays (0.6111)

9 3.7 H eight of phloic rays (0.8515) and height/width ratio of phloic rays 
(0.7154)

10 3.6 In ter flush distance (0.8205)

11 3.2 D ensity  of latex vessels (0.8490), frequency of phloic rays (0.4916)

12 3.2 No. of stomata per unit area of leaf lam ina (0.9501)
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