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ABSTRACT
Yield adaptation was assessed in twelve clones evolved in India (RRII105, RRII118, and RRII208), Malaysia 

(RRIM 600, PB 5/51, PB 86 , G \ 1), Indonesia (PR 107, G T 1) and China (SCATC 88/13. SCATC 93/114, HAIKEN1). 
The yield data of sub-optimal and optimal environments were separated into four environments of two successive 
years (1999-2001). GE biplot was made to assess adaptabilitj' of clones to the environments. The largest positive 
value is seen for RRII 208, indicating RRII 208 performs well across environments. At the other extreme is RRII 
105 that extended to the negative side of vector A. When all clones are considered together, the ordering of 
interaction from most positive to most negative arc RRII 208, SCATC 93/114, PB 86 , RRIM 600, PR 107, RRII 118, 
GT 1, PB 5/51, HAIKEN 1, SCATC 88/13, G 11 and RRII 105. The genotypes are well spread through the diagram 
and hence no obvious grouping of the clones is evident. To exercise selection based on both stability and yield, 
the PCAl values were plotted against individual genotype means. PB 86  has a genotypic mean that is greater 
than general mean (31.49 g tree '^tap ’) and the PCA value is almost zero, indicating thereby that PB 86  is stable 
over all environments. The clones exhibited differential trend of stability when PCA 1 values were depicted 
against environment means. RRII 208, RRIM 600 and Haiken 1 are seen to interact positively w ith varied 
environments, since their position is above zero value when depicted against both genotype and environment 
means.

IN T R O D U C T IO N

R ubber {Hevea brasiliensis W illd. ex Adr. de  
Juss. M uell.-Arg.) h as  becom e a p rom inen t crop 
o f m arg in a l (n o n -trad itio n a l)  a reas  o f  severa l 
trop ical countries. Ideally g row n  u n d e r  15®N and
S o f the  equator, the stress cond itions experienced 
in th e  non-trad itional areas falling  u n d e r 16 -23® 
N  a n d  S are low tem perature, strong  w inds, higher 
a ltitu d e , w a te r deficit and  d iseases (Pushparajah, 
1983). Tripura s ta te  o f no rtheast Ind ia (22® 5 6 'to 
24“ 32 ' N  and  91“ 1 0 'to  9 2 ^2 1 'E) offers a non- 
trad itional environm ent for rubber. R ubber clones 
here  exhibit tw o  y ield ing  reg im es viz., regim e I 
(sub-optim al - M ay to  Septem ber) an d  regim e II 
(op tim al - O ctober to January) (P riyadarshan  et at., 
2001). W hile  the  in itial d ay s o f reg im e II that 
includes low tem peratu re  perio d  ten d s to  increase 
d ry  ru b b er yield, an  a tm osphere less th an  15 ® C 
am b ien t inculcates a recession. The sub-optim al 
pe rio d  is the carried over effect of low  tem perature 
stress, defoliation, refoliation etc. (P riyadarshan  et 
al., 2000; 2001). S tudies o n  in teractions o f p lan ts 
w ith  env ironm ent, especially in perenn ia l species 
to ju d g e  their adap tab ility  h as  been  challenging 
since in teractions un d er optim al an d  sub-optim al 
environm ents need  to be  v iew ed in different ways. 
GE in terac tio n s becom e v ita l w h e n  the  ran k  o f

c lo n es  /  v a r ie tie s  c h a n g e  u n d e r  d if fe re n t  
e n v iro n m e n ts .  U n d e r  th e  a l te r n a t io n  o f 
en v iro n m en ts , em pirical b re ed in g  shall n o t be 
successful to  gain early  results. A ssessm ent of 
stability /  adaptability  th rough  GE in teractions of 
c lones w ith  p ro v en  ab ility  u n d e r  o th e r  w ise  
traditional areas is one w ay of gathering  early  data.

A w id e  variety o f statistical app roaches are 
av a ilab le  to  assess s tab ility  /  a d a p ta b il i ty  o f 
g e n o ty p e s  o v e r  e n v iro n m e n ts  t h r o u g h  GE 
interactions. Predom inantly  used  m ethods are the 
jol.it lin ear regression analysis an d  its  v a r ia n ts  
(Finlay a n d  W ilkinson, 1963; Eberhart a n d  Russell, 
1966; P erk ins and Jinks, 1968). H ow ever, these 
m e th o d s  re q u ire  an  a priorie  a s s u m p tio n  o f 
linearity  an d  norm ality  of y ield  re sp o n se  o v er 
en v iro n m en ts . M ost often, th e  d a ta  a re  ra re ly  
know n to fulfill this assum ption. Also, the recently 
d e v e lo p e d  A d d it iv e  M a in  e f fe c ts  a n d  
M u ltip lic a tio n  In te ra c tio n  (A M M I) a n a ly s is  
(Gauch, 1992), basically an  o rd ina tion  technique, 
d o e s  n o t  h a v e  a m e c h a n is m  to  c la s s ify  
environm ents. Pattern A nalysis (PA) ap p lied  to 
m any  In te rn a tio n a l M ulti E n v iro n m e n t T rials 
(IMCTs) h as been  show n to be effective to  classify 
environm ents and  /  o r genotypes requ ired  to  help  
identify the underly ing  p a tte rn s  o f GE stru c tu re



in  the  env ironm en t an d  /  o r genetic pop u la tio n  
(C ooper ei a l,  1996). Hence, PA is u sed  here  to  
assess yield ad ap ta tio n  o f rubber tree  clones.

M ATERIAL A N D  M E T H O D S

T h e e x p e r im e n t w a s  c o n d u c te d  a t  th e  
R egional R esearch F arm  of the R ubber Research 
Institu te of India a t Taranagar (Tripura State, N orth  
E ast India - 23 ’̂ 53 ' N ; 9 P 15' E; 30 m  MSL). Yield 
d a ta  from  a c lonal tria l in v o lv ing  12 clones o f  
Ind ian  (RRII 105, RRII 118, RRII 208), M alaysian 
(RRIM 600, PB 5 /5 1 , PB 86, G 11) Indonesian  (PR 
107, G T 1) an d  C hinese (SCATC 88/13. SCATC 9 3 / 
114, H A IK E N  1) o r ig in  la id  d u r in g  1987 in  
com pletely random ized  design w as utilized for the 
in v e s t ig a t io n . T h e  p la n t in g  m a te r ia ls  w e re  
m ultip lied  th ro u g h  b u d  grafting  on to  seedlings. 
Spacing w as 5 x 5 m . Initially, there  w ere 40 trees 
/c lo n e . The latex coagu lum  (dry  ru b b er y ield  - g  
tree  tap"') w as collected from  every  tree once a 
m onth , squeezed  th ro u g h  rollers to d ra in  w ater, 
d ried  in  a sm okehouse and  w eighed.

The yield d a ta  w as from  regim es th a t w ere 
separated  in to  fo u r environm ents of tw o years viz., 
A: regim e I o f 1999-2000; B: regim e II o f 1999-2000; 
C: regim e I o f 2000-2001 and  D: reg im e II o f 2000- 
2001. ANOVA a n d  o th e r statistical calculations 
w e re  u n d e r ta k e n  a s  p e r  s ta n d a rd  p ro c e d u re s  
(S n ed eco r a n d  C o c h ra n , 1980; G ird e n , 1992). 
P a tte rn  analysis w as  conducted  fo llow ing C ooper 
el al. (1996). A b ip lo t is a g rap h ica l d isp lay  of 
en tries (e.g. clones) an d  testers (e.g. environm ents) 
o f a tw o-w ay da ta . W hen the  tw o-w ay  d a ta  is 
subjected to  s in g u la r  v alue  decom position , it is 
d eco m p o sed  in  to  th ree  m atrices: th e  s in g u la r  
value m atrix, the  en try  eigen vector m atrix an d  the 
te s te r eigen v ec to r m atrix . T he s in g u la r v a lu e  
m atrix  is d iagonal m atrix , and  can be som ehow  
partitioned  in to  the  en try  and  tester eigen vector 
m atrices. A fter s in g u la r values are partitioned , the 
positions o f the  en tries an d  testers are defined  by  
e n try  e ig en  v e c to r s  a n d  te s te r  e ig e n  v e c to rs  
respectively.

RESULTS A N D  D ISC U SSIO N

All clones sh o w ed  tw o  y ield ing  regim es: 
op tim al and su b -op tim al (Table 1; Fig. 1). ANOVA 
conducted  also p ro v ed  differences am ong clones 
an d  clones x m o n ths in teractions w ere significant

(Table 2). The genotypes a re  w ell sp read  th rough  
the d iagram  and  hence n o  obvious g roup ing  o f the 
clones is evident. The b ip lo t clearly show s that 
environm ents A and  C coincide in the  d iagram  
(Fig.2). L ikew ise, B a n d  D co incide. H ence, 
interaction o f any clones u n d e r A  is sam e as that 
o f C. The largest positive v a lu e  is that o f  RRII 2C8. 
This m eans tt\at RRII 208 perfo rm s w ell across 
em ironm en ts. A t the o th e r extrem e is RRII 105 
that extends in to the nega tive  extension of vector 
A. W hen all the genotypes are considered together, 
the ordering  o f the in teraction  from  m ost positive 
to m ost negative are RRII 208, SCATC 93/114, PB 
86, RRIM 600, PR 107, RRII 118, GT 1, PB 5 /51 , 
HAIKEN 1, SCATC 8 8 /1 3 , G I 1 and  RRII iCo. 
Since the vectors B /D  an d  A /C  are in the opposite 
sides, their interactions are  ju s t the opposite . The 
genotypes are well spread o u t through the d iagram  
and hence no  obvious g ro u p in g  o f the genotypes 
is evident.

A 3  0  N D
MONTHS

Fig. 1. Y ielding trends o f 12 c lones over m o n ths
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9  K U H F N 1 
IU.PKW/ 
11.011 
12 U1

0  2  4  6

P C A 1 A  t a d C - r c ^ r a t  i :  B «nd D -rc flm e  I

Fig. 2. Biplot for principal components 1 and 2 obtained from the ordination of environment standardized 
dry rubber yield data of 12 cones over four environments. The environments are indicated as vectors 
drawn from the origin (A, B, C, D).

Table 1. Yield (g tree ■' tap “*) of 12 clones under two yielding regimes
Clone 1999-2000 2000-2001

Regime I 
(env. A)

Regime II 
(env. B)

Regime I 
(env. C)

Regime II 
(env. D)

RRIl 105 20.9 64.5 18.4 44.5
RRII118 35.8 59.4 28.1 46.2
RRII 208 56.6 76.1 39.2 54.8
RRIM600 45.2 62.2 29.6 52.3
PB 86 25.9 47.7 22.7 34.3
PB5/51 34.8 60.4 25.8 46.3
SCATC 88-13 28.8 64.4 22.5 50.5
SCATC 93-114 25.0 40.4 18.8 30.3
HAIKEN1 32.2 54.1 19.8 45.6
PR 107 15.0 35.4 13.6 23.9
GTl 19.4 40.4 16.4 36.2
Gil 12.1 48.5 11.6 31.8
Sub-optimal enuironments: A and C ; Optimal environments: B and D 
Regime / = May to September; Regime II = October to Jatitiary
Table 2. Analysis Variance for 12 clones over two years
Sum of
Squares d.f. M.S.S. F Significance
Clones 1204444.5 11 109494.9 150.3 0.00
Months X Clones 247461.0 165 1499.7 2.8 0.00
Error (months) 2371661.7 4440



To exercise selection based  on  both  stability 
an d  yield , the P C A l values w ere p lo tted  against 
in d iv id u a l geno typ ic m eans (Fig. 3). PB 86 h as  a 
geno typ ic m ean th a t is g reater th an  general m ean 
(31.49 g  t r e e t a p  *') an d  the  PC A value  is alm ost 
zero , ind icating  thereby  that PB 86 is stable over 
all env ironm ents. T his conform s to  the  contention 
th a t PB 86 is a s tab le  clone w ith  lesser coefficient 
o f v a ria tio n  a n d  h ig h e r y ield  in  a com parative  
ana lysis o f 15 clones (P riyadarshan  ei a i ,  2000). 
Since RRII 105 an d  H A IK EN 1 exhibited low er 
PC A  values and  h ig h e r yield (g t r e e t a p "'), these 
clones can also  be  considered  stable. H ow ever, 
th t u g h  RRII 208 exhibited higher genotvpe m eans, 
i t s  s h i f t  f ro m  P C A  v a lu e  in d ic a t in g  th a t  it 
h a s  th e  te n d e n c y  o f  p e r fo rm in g  b e tte r  u n d e r  
favourab le  environm ents. The clones exhibited 
differen tial trends o f stability  w h en  PCA 1 values 
w e re  dep ic ted  aga inst env ironm ent m eans (Figs. 
4 & 5). RRII 118, RRII 208, RRIM 600, PB 5 /5 1 , 
SCATC 8 8 /1 3  a n d  H aiken  1 are seen to in teract 
positive ly  in  the  reg im e II (optim al en \iro n m en t), 
on ly  RRII 208, RRIM 600 and  H aiken  1 exhibited 
s ta b i l i ty  o v e r  b o th  o p tim a l a n d  su b -o p tim a l 
env ironm en ts, since their depiction is above zero  
v a lu e  w h e n  p lo tted  aga inst b o th  geno type and  
en v iro n m en t m eans. In conclusion, the p a tte rn  
analysis ra tiona lized  PB 86 as the  m ost ad ap ted  
o v er all env ironm ents follow ed by  RRII 208, RJ^M  
600 an d  H aiken  1.
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Fig. 4. PCA  values p lo tted  gainst environm ent 
m eans (regim e I)

Fig. 3. D ep ic tio n  o f g en o ty p e  m eans ag a in st 
PC A  values

Fig. 5. PCA values p lo tted  gainst environm ent 
m eans (regim e II)
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