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1* INTRODUCTION

S t a t i s t i c a l  m eth od s as a p p l i e d  t o  t h e  f i e l d  o f  

c r o p  and a n im a l s c i e n c e s  a re  m a in ly  in t e n d e d  t o  in c r e a s e  

p r o d u c t i o n  b y  d e v e l o p in g  and Im p le m e n tin g  s u i t a b l e  

t e c h n iq u e s  f o r  th e  e f f i c i e n t  u t i l i s a t i o n  o f  th e  a v a i l a 

b l e  r e s o u r c e s .  They h e lp  th e  b r e e d e r  o f  p la n t s  and 

a n im a ls  t o  g a t  a  c l e a r  u n d e r s ta n d in g  o f  th e  a b s o lu t e  

c r i t e r i a  on th e  b a s i s  o f  w h ich  d e s i r a b l e  g e n o ty p e s  

c o u l d  b e  e v o l v e d .  P r o d u c t io n  o f  f o o d  i s  th e  m a jo r  

c o n c e r n  th ro u g h  o u t  t h e  w o r ld .  To m eet w it h  t h e  f o o d  

r e q u ir e m e n ts  o f  th e  com in g  g e n e r a t io n ,  i t  i s  n e c e s s a r y  

t o  en h a n ce  c r o p  and l i v e s t o c k  p r o d u c t i o n .  Thus i t  I s  

n e e d le s s  t o  s a y  t h a t  any c r o p  im p rovem en t program m e 

s h o u ld  h ave  as i t s  p r im e  o b j e c t i v e  th e  t e s t i n g  and 

e v o l u t i o n  o f  new g e n o t y p e s  s u p e r i o r  t o  t h e  e x i s t i n g  

on es  i n  p r o d u c t io n  and c o n s u m p t io n . S e l e c t i o n ,  th e  

m ost common m eth od  o f  c r o p  im p r o v e m e n t /is  an i n t e g r a l  

p h a se  o f  any b r e e d in g  program m e and has b e e n  a p p l ie d  

t o  a g r i c u l t u r a l  c r o p s  f o r  h u n dreds o f  y e a r s .

A s u i t a b l e  s e l e c t i o n  c r i t e r i o n  c o u l d  be e v o lv e d  

o n ly  i f  t h e  r e s e a r c h e r  p o s s e s s e s  a sou n d  k n ow led ge  o f  

th e  v a r io u s  g e n e t i c  p a r a m e te rs  i n v o l v e d ,  t h e  e co n o m ic  

g o a l s  t o  be  a c h ie v e d  and t h e  a p p r o p r ia t e  m easu res th e



g e n o t y p i c  and p h e n o t y p ic  p e r fo r m a n c e s  o f  th e  c u l t i v a r s .

Any b r e e d in g  program m e in v o l v e s  tw o s t e p s  Cl) c h o i c e  

o f  a s u i t a b l e  m a tin g  s y s te m  ( 2 ) s e l e c t i o n  o f  I n d i v id u a ls  

t o  b e  u s e d  as p a r e n t s • The c h o i c e  o f  th e  m a tin g  p la n  

d ep en d s  on  th e  g e n e t i c  v a r i a t i o n  p r e s e n t  i n  th e  m a t e r ia l  

t h a t  i s  t o  b e  im p r o v e d . I f  th e  v a r i a t i o n  i s  m o s t ly  

a d d i t i v e  s e l e c t i o n  o f  p a r e n t s  w it h  random  m a tin g  i s  

p r e f e r r e d .  Im provem ent b r o u g h t  a b o u t  b y  s e l e c t i o n  n o t  

o n ly  in c r e a s e s  th e  v a lu e s  o f  th e  g e n o t y p e s  f o r  th e  

d e s i r e d  t r a i t s  b u t  a l s o  e n h a n ce s  th e  u s e fu ln e s s  o f  th e  

p la n t  as p o t e n t i a l  p a r e n t s  f o r  h y b r i d i s a t i o n .  In  o r d e r  

t o  make t h e  p r o c e s s  o f  s e l e c t i o n  e f f e c t i v e ,  i t  w o u ld  b e  

n e c e s s a r y  t h a t  members o f  th e  p o p u la t i o n  on w h ich  s e l e 

c t i o n  i s  t o  b e  p r a c t i c e d  s h o u ld  v a r y  i n  t h e i r  g e n e t i c  

make up w it h  r e g a r d  t o  th e  d e s i r e d  c h a r a c t e r s . A p erm a n en t 

im p rovem en t o f  th e  d e s i r e d  c h a r a c t e r s  c o u l d  b e  a c h ie v e d  

•on ly  th r o u g h  e x p l o i t i n g  th e  g e n e t i c a l l y  d e t e r m i n i s t i c  

v a r i a t i o n .  Thus a b a s i c  p r e - r e q u i s i t e  t o  th e  p la n n in g  

o f  any b r e e d in g  program m e i s  t o  d e te r m in e  how much 

p r o p o r t i o n  o f  th e  t o t a l  v a r i a b i l i t y  i n  c h a r a c t e r  w ou ld  

b e  c a u s e d  b y  th e  d i f f e r e n c e s  in  t h e  g e n e t i c  make up o f  

th e  i n d i v i d u a l s  o f  th e  c r o p  s p e c i e s  * A q u a n t i t a t i v e  

m easu re  o f  t h i s  i s  p r o v id e d  b y  th e  c o e f f i c i e n t  o f  

h e r i t a b i l i t y *
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H e r i t a b i l i t y  i s  o f  i n t e r e s t  t o  p l a n t  b r e e d e r  

n o t  o n ly  as a m easure o f  th e  v a lu e  o f  s e l e c t i o n  f o r  

th e  s p e c i f i c  c h a r a c t e r  i n  v a r io u s  t y p e s  o f  p r o g e n ie s  

b u t  a l s o  an I n d e x  o f  t r a n s m i s s i b i l i t y  O f ■th e  t r a i t  t o  

t h e  v e r y  n e x t  g e n e r a t io n s  The f r a c t i o n  o f  t o t a l  v a r i a 

b i l i t y  w h ic h  i s  h e r i t a b l e  due t o  g e n e t i c  make up i s  

te rm e d  as th e  c o e f f i c i e n t  o f  h e r i t a b i l i t y  i n  th e  b r o a d  

s e n s e  (L ush , 1937 ) w h ere  as th e  p r o p o r t i o n  o f  th e  

V a r i a b i l i t y  t h a t  i s  d u e  t o  a d d i t i v e  g e n e t i c  v a r ia n c e  

i s  c a l l e d  th e  c o e f f i c i e n t  o f  h e r i t a b i l i t y  i n  th e  n a rrow  

s e n s e .  I f  th e  g e n o ty p e  c o m p le t e ly  d e te r m in e s  th e  

p h e n o ty p e  b o t h  th e  v a r ia n c e  w ou ld  b e  e q u a l  arid h e r i t a 

b i l i t y  w o u ld  b e  100 p e r c e n t a g e .  A k n o w le d g e  o f  t h e  

m a gn itu d e  o f  h e r i t a b i l i t y  g iv e s  an id e a  a b o u t  th e  

g e n e t i c  im p rovem en t w h ich  c o u ld  be b r o u g h t  a b o u t  th ro u g h  

s e l e c t i o n .  H e r i t a b i l i t y  a l s o  i n d i c a t e s  t h e  a c c u r a c y  

w it h  w h ich  s e l e c t i o n  f o r  th e  g e n o ty p e  c o u l d  b e  made 

fr o m  a p h e n o ty p e  o f  t h e  i n d i v i d u a l  o r  a g ro u p  o f  i n d i 

v id u a ls  <

A n o th e r  a p r i o r i  b a s i c  in fo r m a t io n  n e e d e d  i s  a b o u t  

th e  e x t e n t  o f  a s s o c i a t i o n  b e tw een  g e n e t i c  v a lu e s  o f  a 

p a i r  o f  q u a n t i t a t i v e  t r a i t s .  G e n e r a l ly  e s t im a t e s  o f  

g e n e t i c  c o r r e l a t i o n s  a re  o f  v e r y  lo w  p r e c i s i o n .  A 

k n o w le d g e  o f  th e  m a gn itu d e  and s ig n  h e lp s  t o  u n d e rs ta n d  

how t h e  im p rovem en t i n  on e  c h a r a c t e r  w i l l  ca u se  s im u l -
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ta n e o u s  ch a n ge  in  o t h e r  c h a r a c t e r s *  • A c o m p a r is o n  o f  

p h e n o t y p ic  and g e n o t y p i c  c o r r e l a t i o n s  w o u ld  g i v e  an 

i n d i c a t i o n  o f  th e  e f f e c t  o f  e n v iro n m e n t  on  t h e  g e n e t i c  

p e r fo r m a n c e  o f  th e  i n d i v i d u a l s  o f  th e  p o p u la t io n *

The t h i r d  g e n e t i c  p a r a m e te r  w h ich  n eed s  c o n 

s i d e r a t i o n  i s  th e  s e l e c t i o n  d i f f e r e n t i a l  w h ich  i n d i c a t e s  

th e  v i g o u r  w ith  w h ich  a b r e e d e r  p r a c t i c e s  s e l e c t i o n *

When s e l e c t i o n  d i f f e r e n t i a l  I s  e x p r e s s e d  i n  term s o f  

p h e n o t y p ic  s ta n d a r d  d e v i a t i o n ,  i t  i s  known .as th e  

I n t e n s i t y  o f  s e l e c t i o n .  The g e n e t i c  im p rovem en t p e r  

g e n e r a t io n  o r  g e n e t i c  a d va n ce  i s  a n o t h e r  p a ra m e te r  

w h ich  i s  s im p ly  th e  p r o d u c t  o f  h e r i t a b i l i t y  and s e l e c t i o n  

d i f f e r e n t i a l .  I t  i s  an I n d i r e c t  m easu re  o f  th e  e x p e c t e d  

ch a n ge  i n  th e  p o p u la t io n  t h a t  ca n  b e  b r o u g h t  a b o u t  b y  

s e l e c t i o n  on  th e  p a r t i c u l a r  t r a i t .

The p r i n c i p l e s  o f  I n d i v id u a l  p l a n t  s e l e c t i o n  t o  

e s t a b l i s h  v a r i e t i e s  o f  s e l f  p o l l i n a t e d  c r o p s  w ere f i r s t  

d e v e lo p e d  a t  th e  p la n t  b r e e d in g  s t a t i o n  o f  t h e  S w ed ish  

S eed  A s s o c i a t i o n ,  S v a l o f ,  s h o r t l y  b e f o r e  1 9 0 0 . S e l e c t i o n  

on th e  b a s i s  o f  i n d i v i d u a l i t y  means t h e  in d i v i d u a l s  a re  

s e l e c t e d  f o r  b r e e d in g  p u r p o s e s  on th e  b a s i s  o f  t h e i r  

own p h e n o t y p ic  p e r fo r m a n c e s .  The p r i n c i p l e  o f  i n d i v i d u a l  

s e l e c t i o n  i s  a l s o  a p p l i e d  i n  m ass s e l e c t i o n ,  s in c e  th e
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s e l e c t e d  in d i v i d u a l s  a r e  u se d  enm asse f o r  m a tin g . In  

m ass s e l e c t i o n  i n d i v i d u a l s  a re  s e l e c t e d  s o l e l y  i n  ( 

a c c o r d a n c e  w it h  t h e i r  p h e n o t y p ic  v a l u e s .  A n oth er  

m eth od  o f  s e l e c t i o n  i s  f a m i ly  s e l e c t i o n  w h ic h  c o n s i s t s  

o f  s e l e c t i n g  a  g ro u p  o f  p r o m is in g  f a m i l i e s  as u n i t s , 

i n  a c c o r d a n c e  w it h  t h e i r  mean p h e n o t y p ic  v a l u e s .  T h is  

can  b e  p r a c t i c e d  when th e  p o p u la t io n  ca n  b e  d iv id e d  

i n t o  f a m i l i e s  o f  f u l l  s i b s  o r  h a l f  s i b s ,  e a c h  f a m i ly  

p r o v id in g  a  mean p h e n o t y p ic  v a l u e .  S ib  s e l e c t i o n  i s  

s e l e c t i o n  o f  i n d i v i d u a l s  on  mean v a lu e s  o f  s ib s *

P e d ig r e e  s e l e c t i o n  i s  a n o t h e r  m eth od  w h ic h  I s  b a s e d  

on  th e  mean p e r fo r m a n c e  o f  th e  tw o  p a r e n t s  o r  on  th e  

mean p e r fo r m a n c e  o f  th e  p a r e n t s  and g ra n d  p a r e n t s .  

P r o g e n y  s e l e c t i o n  i s  th e  s e l e c t i o n  o f  i n d i v i d u a l  on 

t h e  b a s i s  o f  t h e  p e r fo r m a n c e  o f  th e  new g e n e r a t i o n .

B ut a l l  t h e s e  m eth ods o f  s e l e c t i o n  a re  u s e f u l  f o r  th e  

i d e n t i f i c a t i o n  o f  a s u p e r i o r  p la n t  o r  g e n o ty p e  b a s e d  

on  s i n g l e  c h a r a c t e r  a l o n e .

The b r e e d e r  i s  s e ld o m  f a c e d  w it h  a s i t u a t i o n  in  

w h ich  m o d i f i c a t i o n  o f  o n ly  a s i n g l e  a t t r i b u t e  i s  d e s i r e d .  

N o rm a lly  m o d i f i c a t i o n  w i l l  b e  d e s i r e d  on  s e v e r a l  t r a i t s  

w h ich  may o r  may n o t  b e  i n t e r r e l a t e d .  I t  i s  t h e r e f o r e  

n e c e s s a r y  t h a t  s e l e c t i o n  i s  a p p l i e d  s im u lt a n e o u s ly  t o
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a l l  t r a i t s  o f  e c o n o m ic  im p o r ta n c e . Tandem s e l e c t i o n ,  

in d e p e n d e n t  c u l l i n g  l e v e l s  and s e l e c t i o n  in d e x  a re  th e  

t h r e e  com m only u se d  m eth ods o f  s im u lta n e o u s  s e l e c t i o n .

Tandem m ethod  o f  s e l e c t i o n  i s  p r a c t i c e d  o n ly  

f o r  on e  t r a i t  a t  a t im e  u n t i l  s a t i s f a c t o r y  im provem en t 

w asr.a c h ie v e d  i n  t h a t  t r a i t .  Then s e l e c t i o n  e f f o r t s  

c o u l d  b e  d i r e c t e d  to w a rd s  th e  s e c o n d  t r a i t .  I n  th e  s e c o n d  

m ethod  o f  s e l e c t i o n  v i s .  In d e p e n d e n t  c u l l i n g  l e v e l s  

s e l e c t i o n  i s  made s im u lt a n e o u s ly  f o r  a l l  t h e  c h a r a c t e r s  

b u t  in d e p e n d e n t ly ,  r e j e c t i n g  a l l  I n d i v id u a l s  t h a t  f a i l  

t o  m ee t t h e  minimum s ta n d a r d  f o r  any one t r a i t .  H a ze l 

and Lush (1 9 4 2 ) have com p ared  th e  t h r e e  m eth ods o f  

s e l e c t i o n  and c o n c lu d e d  t h a t  t h e  m ethod  o f  s e l e c t i o n  

in d e x  i s  m ore e f f i c i e n t  th a n  th e  o t h e r  tw o m e th o d s •

I n  t h i s  m ethod  th e  n e t  m e r i t  o f  an i n d i v i d u a l  i s  

d e f in e d  on  th e  b a s i s  o f  an in d e x  b y  c o m b in in g  s c o r e s  

f o r  e a c h  com p on en t c h a r a c t e r .  I n  s i t u a t i o n s  when m ore 

th a n  on e  b a s i s  o f  s e l e c t i o n  i s  a p p l i e d ,  f o r  c h o o s i n g ■ 

e f f e c t i v e  c r i t e r i a ,  i t  i s  n e c e s s a r y  t o  com pare t h e i r  

r e l a t i v e  e f f i c i e n c i e s .  The c h o i c e  w o u ld  o b v io u s ly  

f a l l  on  on e  w h ich  r e s u l t  i n  maximum g e n e t i c  g a in  p e r  

g e n e r a t i o n .

S t a t i s t i c a l  m eth ods p la y  a v i t a l  r o l e  i n  e v o lv in g  

an a p p r o p r ia t e  s e l e c t i o n  c r i t e r i o n  -  a s e l e c t i o n  in d e x



f o r  th e  i d e n t i f i c a t i o n  o f  s u p e r i o r  g e n o t y p e s .  The 

m eth ods o f  m u l t iv a r ia t e  a n a ly s i s  a r e  u n i v e r s e l y  u se d  

i n  t h i s  d i r e c t i o n .  An. im p o r ta n t  p r o b le m  in  m u l t i 

v a r i a t e  a n a ly s i s  i s  t o  i d e n t i f y  t h e  m a jo r  v a r i a b l e s  t o  

b e  r e t a in e d  i n  th e  l i n e a r  s e l e c t i o n  m o d e l .  When 

o b s e r v a t io n s  a re  c o l l e c t e d  on s e v e r a l  v a r i a b l e s ,  th e y  

may b e  i n t e r r e l a t e d .  A s e r i e s  o f  u n v a r ia t e  a n a ly s i s  

made on  e a c h  c h a r a c t e r  s e p a r a t e ly  ig n o r e s  t h e  p o s s i b l e  

c o r r e l a t i o n s  among s e t s  o f  v a r i a b l e s  and l e a d  t o  m is 

i n t e r p r e t a t i o n  o f  th e  d a t a .  M u lt ip le  r e g r e s s i o n  a n a ly s is  

makes u s e  o f  th e  a ssu m p tio n  t h a t  th e  e x p la n a t o r y  

v a r i a b l e s  o f  th e  m od el a re  n o t  s t r o n g l y  c o r r e l a t e d .

' M u l t i c o l l i n e a r i t y 1 may l e a d  t o  b ia s e d  and o f t e n  

d i f f i c u l t  t o  i n t e r p r e t  e s t im a t e s  o f  p a r t i a l  r e g r e s s i o n  

c o e f f i c i e n t s  and t h e i r  e r r o r s .  In  o r d e r  t o  rem ove 

m u l t i c o l l i n e a r i t y  and t o  r e d u c e  t h e  l a r g e  num ber o f  

c o r r e l a t e d  q u a n t i t a t i v e  t r a i t s  i n t o  r e l a t i v e l y  s m a l le r  

s e t  o f  s t a t i s t i c a l l y  in d e p e n d e n t  l i n e a r  co m b in a t io n s , 

th e  m ethod  o f  p r i n c i p a l  com p on en t a n a ly s i s  i s  u s u a l ly  

a t te m p te d . A s im p le  v a r i a n t  fo r m  o f  p r i n c i p a l  com ponent 

a n a ly s is  i s  f a c t o r  a n a l y s i s ,  in  f a c t ,  f a c t o r  a n a ly s is  

p e r fo r m e d  u s in g  t h e  p r i n c i p a l  a x is  m ethod  i s  e s s e n t i a l l y  

th e  same as t h e  p r i n c i p a l  com p on en t a n a l y s i s .  P r i n c i p a l  

com p on en t a n a ly s i s  i s  u s e d  t o  g e t  a b e t t e r  c o n f i g u r a t i o n
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o f  th e  m u l t iv a r ia t e  s t r u c t u r e .  The c a u s a t iv e  s o u r c e s  

o f  common v a r i a t i o n  ca n  be i d e n t i f i e d .  W eig h ts  may b e  

a s s ig n e d  t o  e a c h  v a r i a b l e  s o  t h a t  r e s u l t a n t  c o m p o s i t iv e  

v a r i a b l e  as a  s e t  may h ave maximum v a r i a n c e .  T h ese  

d e r i v e d  c o m p o s it e  v a r i a b l e s  w i l l  b e  m u tu a lly  o r t h o g o n a l*  

As f a c t o r  a n a ly s is  ig n o r e s  d e p en d en ce  r e l a t i o n s h i p ,  

v a r io u s  t r a i t s  ca n  b e  e v a lu a t e d  p e r s e  r a t h e r  th an  in  

term s o f  t h e i r  r e l a t i o n s h i p  w it h  th e  d e p e n d e n t  c h a r a 

c t e r .

In  p r a c t i c e ,  p r i n c i p a l  com p on en t a n a ly s i s  i s  

o n e  way o f  r e d u c in g  v a r i a b l e s  t h a t  a re  t o  b e  r e t a in e d  

i n  th e  m o d e l. R e g r e s s io n  a n a ly s is  i s  b a s e d  on  p r e v i o u s l y  

assum ed  r e l a t i o n s h i p  w h ere  as p r i n c i p a l  com p on en t and 

f a c t o r  a n a ly s i s  a re  u s e f u l  in  i d e n t i f y i n g  unknown 

r e l a t i o n s h i p s  b e tw e e n  v a r i a b l e s .  In  f a c t o r  a n a ly s is  

and  p r i n c i p a l  com p on en t a n a ly s i s  n o r m a l i t y  i s  n o t  

n e c e s s a r y .  F u r th e r  in  p r i n c i p a l  com p on en t a n a ly s is  

and f a c t o r  a n a ly s is  th e  c a u s e  e f f e c t  r e l a t i o n s h i p  o f  

s t r u c t u r a l  v a r i a b l e s  i s  n o t  assu m ed . .

A n o th e r  a p p ro a ch  t o  th e  same p r o b le m  i s  th ro u g h  

th e  m eth od  o f  p a t h - c o e f f i c i e n t  a n a l y s i s .  P a th  a n a ly s is  

c o n s i s t s  o f  a s e r i e s  o f  m u l t ip l e  r e g r e s s i o n  a n a ly s e s  

w i t h  an a d d i t i o n a l  a ssu m p tio n  o f  c a u s a l  r e l a t i o n s h i p
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b e tw e e n  t h e  in d e p e n d e n t  and d e p e n d e n t  v a r i a b l e s * In  

p a th  a n a ly s i s  an o v e r  a l l  m easu re  o f  th e  e m p e r ic a l  

r e l a t i o n s h i p  i s  d e co m p o se d  i n t o  a s e r i e s  o f  p a t h s * .

In  f a c t ,  p a t h - c o e f f i c i e n t s  a r e  s t a n d a r d is e d  r e g r e s s i o n  

c o e f f i c i e n t s  and a re  u s e d  t o  m easu re  t h e  d i r e c t  and 

i n d i r e c t  in f l u e n c e s  o f  on e  v a r i a b l e  upon a n o t h e r  in  

t h e  s tu d y  o f  s p e c i f i c  f o r c e s  a c t in g  t o  p r o d u c e  a
• 1 ■ i ' '

g iv e n  c o r r e l a t i o n *  A l l  t h e  a ssu m p tion  w h ich  a re  

im p l ie d  i n  th e  m eth od  o f  m u l t ip le  r e g r e s s i o n  a re  in h e r e n t  

i n  p a t h - c o e f f i c i e n t  a n a ly s i s  a l s o .  T h is  m ethod  d e a ls  

w it h  a c l o s e d  sy ste m  o f  v a r i a b l e s  t h a t  a r e  im m e d ia te ly  

l i n e a r l y  r e la t e d *  The s e p a r a t io n  o f  c o r r e l a t i o n  

c o e f f i c i e n t  i n t o  v a r io u s  com p on en ts  i s  on e  o f  th e  

a c co m p lis h m e n ts  o f  th e  m eth od  o f  p a t h - c o e f f i c i e n t s . 

A n a log u s  t o  th e  a n a ly s i s  o f  v a r ia n c e ,  th e  p a t h  m eth od  

may b e  c a l l e d  th e  a n a ly s i s  o f  c o r r e l a t i o n .

P a t h - c o e f f i c i e n t  a n a l y s i s ,  th o u g h  s im p le ,  h ig h l y  

in f o r m a t iv e  and p o p u la r  among b r e e d e r s ,  f a i l  t o  p r o d u c e  

m e a n in g fu l !  r e s u l t s  in  c e r t a i n  s i t u a t i o n s  e s p e c i a l l y  

when dDolvonfal w it h  e x tre m e  m u l t i c o l l i n e a r i t y .  F u r th e r  

p a t h - c o e f f i c i e n t  a n a ly s i s  i s  b a s e d  on s t r i c t  assum p

t i o n s  and th e  v a l i d i t y  o f  th e  r e s u l t  b ecom es  d u b io u s  

in  c a s e s  w here su ch  a ssu m p tio n s  a re  n o t  s a t i s f i e d *
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P r i n c i p a l  com p on en t a n a ly s i s  i s  a  m ore g e n e r a l  

m eth od  and i s  e x t e n s i v e l y  f l e x i b l e  in  d e a l in g  w ith  

m u l t i v a r i a t e  d a ta *  In  t h i s  s tu d y  a c o m p a r is o n  i s  

made u s in g  th e  e x p e r im e n t a l  d a ta  o f  a f i e l d  t r i a l  on 

th e  r e l a t i v e  m e r it s  and l i m i t a t i o n s  o f  t h e s e  tw o 

a c c e p t e d  t e c h n iq u e s  o f  m u l t i v a r ia b l e  a n a l y s i s .

Curcuma lo n g a  L . i s  th e  im p o r ta n t  s p e c i e s  o f

t u r m e r ic  grovm  i n  I n d i a  w h ich  b e lo n g s  t o  th e  n a t u r a l/
o r d e r  S c ita m in a e  and f a m i ly  S in g i b e r a c e a e . In  In d ia #  

i t  i s  m a in ly  v a lu e d  f o r  u se  as s p i c e s  and a l s o  u s e d  

i n  m e d ic in e s *  Among th e  s p ic e s #  t u r m e r ic  ra n k s f o u r t h  

w it h  r e g a r d  t o  th e  f o r e i g n  ex ch a n g e  e a r n in g s  n e x t  t o  

b l a c k  p ep p er#  cardamom and g i n g e r .  I n d ia  I s  t h e  l a r g e s t  

p r o d u c e r  and e x p o r t e r  o f  t u r m e r ic .  In  In d ia #  t u r m e r ic  

I s  c u l t i v a t e d  I n  an a r e a  o f  88200 h e c t a r e s  and o f  t h i s  

4000  h e c t a r e s  (4*5  p e r c e n t a g e )  i s  in  K e r a la  S t a t e  

(A non.#  1 9 8 3 ) .  A ndra P radesh#  T am il Nadu, B ih a r  and 

O r is s a  a r e  th e  t u r m e r ic  p r o d u c in g  s t a t e s  o t h e r  th a n  

K e r a la .  T o t a l  a n n u a l p r o d u c t io n  o f  t u r m e r ic  in  I n d ia  

i s  a b o u t  172600  ton n es#  K e r a la  S t a t e  c o n t r i b u t e s  a b o u t  

4 .4  p e r c e n t a g e  o f  t o t a l  p r o d u c t io n  o f  t u r m e r ic  and add 

76 la k h s  o f  r u p e e s  a n n u a l ly  (A non.# 1 9 8 3 ) .
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In  s p i c e  o f  i t s -  im p o r ta n c e  as ' a co m m e rc ia l 

c r o p  and a  f o r e i g n  e x ch a n g e  e a rn e r#  p r e s e n t  y i e l d  r a t e  

o f  t u r m e r ic  i n  I n d ia  i s  p a t h e t i c a l l y  lo w  as ' com p ared  

t o  t h a t  i n  o t h e r  c o u n t r i e s .  The c o s t  o f  c u l t i v a t i o n  

o f  t u r m e r ic  has b e e n  in c r e a s e d  due t o  e v e r  en h a n ced  

la b p u r  c o s t  d u r in g  r e c e n t  y e a r s .  I t  i s  a sh a d e  t o l e r a n t  

c r o p  and t h e r e  a r e  p o s s i b i l i t i e s  o f  g ro w in g  i t  as an 

i n t e r c r o p  i n  c o c o n u t  g a r d e n s . B oth  m o r p h o lo g i c a l  

and p h y s i o l o g i c a l  f a c t o r s  p la y  an im p o r ta n t  and 

i n t e r  d e p e n d e n t  r o l e  i n  d e te r m in in g  th e  y i e l d  r a t e  

o f  th e  c r o p .  The b e s t  y i e l d s  o b t a in a b le  w it h  th e  

p r e s e n t  c u l t i v a r s  o f  t u r m e r ic  a r e  r e l a t i v e l y  lo w  when 

com p ared  t o  m ost o f  th e  o t h e r  f i e l d  c r o p s • In  o r d e r  

t o  b r i n g  a b o u t  m arked  im p rovem en t I n  y i e l d  and cu rcu m in  

c o n te n t#  th e  b r e e d e r  has t o  i d e n t i f y  d e s i r a b l e  g e n o 

t y p e s  f o r  b r e e d in g  p u r p o s e s *  The p r e s e n t  s tu d y  b a s e d  

on  th e  d a t a  c o l l e c t e d  fr o m  th e  D ep a rtm en t o f  P la n t a 

t i o n  C r o p s , C o l le g e  o f  H o r t ic u l t u r e #  V e l la n ik k a r a  

p e r t a i n i n g  t o  a  f i e l d  e jq p erim en t on  t u r m e r ic  i s  

u n d e r ta k e n  w it h  f o l l o w i n g  o b j e c t i v e s  *

■ 1 .  To sum m arise m ost o f  th e  v a r i a t i o n  in  a 

m u l t i v a r i a t e  s y s te m  in  a  fe w e r  num ber o f  

u n c o r r e la t e d  v a r i a b l e s .
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2 .  To m easure th e  r e l a t i v e  c o n t r i b u t i o n  o f  e a c h  

i n d i v i d u a l  c h a r a c t e r  a f f e c t i n g  th e  y i e l d  o f  

t u r m e r ic .

3 .  To c o n s t r u c t  s e l e c t i o n  i n d i c e s  w it h  d i f f e r e n t  

sy s te m  o f  w e ig h t in g  and com pare t h e i r  r e l a t i v e  

e f f i c i e n c i e s .

4 .  To e v o lv e  s u i t a b l e  s e l e c t i o n  c r i t e r i a  f o r  

v a r i e t a l  s c r e e n in g  and e v a l u a t i o n .

5 .  To com pare t h e  r e l a t i v e  a d v a n ta g e s  and l i m i t a 

t i o n s  o f  tw o w id e ly  a c c e p t e d  t e c h n iq u e s  o f  

m u l t i v a r ia t e  a n a ly s i s  w it h  r e f e r e n c e  t o  a c t u a l  

f i e l d  d a t a .
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2 .  REVIEW OP LITERATURE

Even th o u g h  v e r y  l i t t l e  w ork  on  t h e  b r e e d in g  

and g e n e t i c s  o f  t u r m e r ic  has b e e n  a t te m p te d  i n  I n d ia  

o r  e ls e w h e r e ,  num erous r e p o r t s  on  s u c h  i n v e s t i g a t i o n  

on  o t h e r  c r o p s  a re  a v a i l a b l e  and a  b r i e f  r e v ie w  o f  

l i t e r a t u r e  o f  s t u d ie s  c o n d u c te d  on  t h e s e  a s p e c t s  on 

t u r m e r ic  and a l s o  on  o t h e r  c r o p s  i s  f u r n is h e d  b e lo w .

2 . 1 .  GENETIC PARAMETERS AND THEIR ESTIMATION

G a l t o n  (1889 ) c o n c e iv e d  th e  i d e a  o f  c o r r e l a t i o n  

o f  v a r i a b l e s  f o r  t h e  f i r s t  i n s t a n c e .

F is h e r  (1 9 1 8 , 1 954 ) d e v e lo p e d  t h e  m ethod  o f  a p p ly 

in g  t h e  t h e o r y  o f  c o r r e l a t i o n  o f  v a r i a b l e s ,  in  th e  u n d e r 

s t a n d in g  o f  t h e i r  i n f l u e n c e  on  b i o l o g i c a l  s y s te m s .

Lush (1949 ) d e v i s e d  an a c c u r a t e  and e a s i l y  m anage

a b le  m eth od  f o r  th e  c a l c u l a t i o n  o f  t h e  g e n e t i c  a d va n ce  

u n d er  s p e c i f i e d  i n t e n s i t i e s  o f  s e l e c t i o n .

R o b in so n  e t  a l .  (1 9 5 1 ) com p u ted  a l l  p o s s i b l e  g e n o 

t y p i c  and p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t s  fr o m  a 

com b in ed  a n a ly s i s  o f  d i f f e r e n t  p o p u la t io n s  o f  p r o l i f i c  

c o r n  and among th e  s t u d y  v a r i a b l e s  e a r s  p e r  p la n t  had 

sh ow ed  t h e  h ig h e s t  p o s i t i v e  g e n o t y p ic  c o r r e l a t i o n  w it h  

y i e l d .
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B u rto n  (1 9 5 2 ) in t r o d u c e d  a s im p le  and c o n v e n ie n t  

p r o c e d u r e  f o r  th e  c a l c u l a t i o n  o f  th e  p h e n o t y p ic  and 

g e n o t y p i c  c o e f f i c i e n t s  o f  c o r r e l a t i o n  u t i l i s i n g  d a ta  

fr o m  b r e e d in g  t r i a l s . '

W arner (1 9 5 2 ) in t r o d u c e d  a new m eth od  o f  e s t im a t in g  

h e r i t a b i l i t y  fr o m  t h e  v a r ia n c e s  o f  s e g r e g a t in g  p o p u l a t i o n s »

Joh n son  e t  a l .  (1 9 5 5 ) I n t r o d u c e d  th e  m e th o d o lo g y  

f o r  p a r t i t i o n i n g  th e  t o t a l  v a r ia n c e  i n t o  t h a t  due t o  

g e n o t y p e ,  p h e n o ty p e  and e r r o r  in  th e  a n a ly s i s  o f  v a r i a n c e .

P u raw al (1 9 5 7 ) o b t a in e d  h ig h ly  s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  b e tw een  p l a n t  h e ig h t  and y i e l d  i n  tu b e r o u s  

p la n t s  l i k e  c o l o c a s i a *

A l - j i b o u r i  e t  a l . (1 9 5 8 ) e s t im a t e d  th e  g e n o t y p ic  

and e n v ir o n m e n ta l  v a r ia n c e s  and c o v a r ia n c e s  i n  u p la n d  

c o t t o n  and g e n o t y p i c  c o r r e l a t i o n  i n d i c a t e d  t h a t  a  p o s i t i v e  

r e l a t i o n s h i p  e x i s t e d  b e tw e e n  l i n t  y i e l d  and l i n t  

p e r c e n t a g e .

R o b e r ts o n  (1 9 5 9 ) d e r iv e d  fo r m u la e  f o r  th e  sa m p lin g  

v a r ia n c e s  o f  t h e  g e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t .  The 

fo r m u la e  w ere  v e r y  s i m i l a r  t o  t h o s e  f o r  th e  sa m p lin g  

v a r ia n c e  o f  h e r i t a b i l i t y  fro m  th e  same e x p e r im e n t  

e x c e p t  t h a t  th e  d e n o m in a to r  c o n t a in e d  i n t r o c l a s s  c o r r e l a 

t i o n  c o e f f i c i e n t s .
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J on es  (1959 ) r e p o r t e d  t h a t  y i e l d  o f  t u b e r  i n  

t a p i o c a  was a s s o c i a t e d  p o s i t i v e l y  w it h  r e l a t i v e l y  

l a r g e r  le a v e s # ' l o n g e r  d u r a t io n  and h ig h e r  v a lu e s  f o r  th e  

l e a f  a r e a  in d e x .

G i l l  and J en sen  (1 9 6 8 ) d e r iv e d  t h e  p r o b a b i l i t y  o f  

o b t a in in g  n e g a t iv e  e s t im a t e s  o f  h e r i t a b i l i t y  in  f u l l  

s i b  and h a l f  s i b  a n a ly s i s  f o r  b a la n c e d  n e s t e d  m o d e ls .

M e is t e r  and T h o m s o n  (1 9 7 6 ) s t u d ie d  p h e n o t y p ic  

c o r r e l a t i o n  among y i e l d  and i t s  com p on en ts  i n  p o t a t o *

M a ity  and C h a t t e r jo e  (1 9 7 7 ) fo u n d  t h a t  y i e l d  o f  

p o t a t o  was p o s i t i v e l y  c o r r e l a t e d  w ith  h e i g h t  and num ber 

o f  t u b e r s  p e r  p l a n t .

Kamalam e t  a l . (1 9 7 7 ) c o n d u c te d  a s t u d y  in  te n  

v a r i e t i e s  o f  s w e e t  p o t a t o  and e s t im a t e d  t h e  g e n e t i c  

p a r a m e t e r s .  L e n g th  o f  v in e  and num ber o f  t u b e r s  p e r  

p l a n t  sh ow ed  v e r y  h ig h  d e g r e e  o f  p h e n o t y p ic  and g e n o 

t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n .  Number o f  t u b e r s  had 

p o s i t i v e  s i g n i f i c a n t  c o r r e l a t i o n  o n  y i e l d .

L in  and A l l i a r e  (1 9 7 7 ) d e f i n e d  th e  h e r i t a b i l i t y  

o f  an in d e x  as th e  r e g r e s s i o n  o f  t h e  g e n e t i c  in d e x  on  

th e  s e l e c t i o n  in d e x .  The g e n e t i c  in d e x  was o b t a in e d  b y  

s u b s t i t u t i n g  th e  g e n e t i c  v a lu e s  o f  th e  in d e x  t r a i t s  i n t o  

th e  p h e n o t y p ic  v a lu e s .



16

Wigara e t  a l .  (1979 ) p r o p o s e d  an e s t im a t o r  o f  h e r i t a b i l i t y  

o b e y in g  an a p r i o r i  r e s t r i c t i o n  on th e  ra n g e  o f  i t s  v a lu e *

M ohanty (1 9 7 9 ) s t u d ie d  c o r r e l a t i o n  c o e f f i c i e n t s  among 

d i f f e r e n t  c h a r a c t e r s  and y i e l d  com p on en ts  i n  t u r m e r ic  and 

r e v e a le d  t h a t  t a l l  p la n t s  w it h  m ore num ber o f  b r o a d  le a v e s  

l i k e l y  t o  p r o d u c e  h ig h  y i e l d i n g  t u r m e r ic  t y p e s •

G e n e t ic  v a r i a b i l i t y  and h e r i t a b i l i t y  w ere  e s t im a t e d  b y  

M ohanty and Sarm a (1979 ) f o r  a  number o f  c h a r a c t e r s  in  

d i f f e r e n t  c u l t i v a r s  o f  g i n g e r .  T h e ir  s t u d y  i n d i c a t e d  t h a t  

s t r a i g h t  s e l e c t i o n  ca n  b e  made t o  im p ro v e  a lm o s t  a l l  c h a r a c t e r s  

e x c e p t  t h e  num ber o f  t e r i i a r y  f i n g e r s  ana 's t r a w *  y i e l d .

N am biar (1 9 7 9 ) e s t im a t e d  th e  i n t e r c o r r e l a t i o n s  among 

th e  m o r p h o lo g ic a l  c h a r a c t e r s  and y i e l d  i n  t u r m e r i c  and th e  

r e s u l t s  sh ow ed  t h a t  number o f  t i l l e r s ,  p l a n t  h e ig h t  and 

num ber o f  f i n g e r s  had h ig h  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

w it h  th e  y i e l d  o f  t u r m e r i c .  F u r t h e r ,  th e  m o r p h o lo g ic a l  

c h a r a c t e r s  show ed  h ig h  s i g n i f i c a n t  i n t e r c o r r e l a t i o n s  among 

t h e m s e lv e s •

From an o v e r a l l  a n a ly s i s  o f  p a t h - c o e f f i c i e n t s ,  U sh aran i 

and Rao (1 9 81 ) s u g g e s t e d  t h e  c h a r a c t e r s  as m a jo r  c o n t r i b u t o r s  

to w a rd s  y i e l d Aw h ic h  h ad  p o s i t i v e  d i r e c t  e f f e c t s  and t h o s e  

h a v in g  s m a ll  n e g a t iv e  d i r e c t  e f f e c t  b u t  h ig h  g e n o t y p i c  c o r r e l a 

t i o n  w ith  y i e l d .

Boomikuraaran and R ath inam  (1981 ) e m p h a s ise d  on  t h o s e  

c h a r a c t e r s  w h ich  had  p o s i t i v e  d i r e c t  e f f e c t s  and t h o s e  h a v in g  

s m a ll  n e g a t iv e  i n d i r e c t  e f f e c t  b u t  h ig h  g e n o t y p i c  c o r r e l a t i o n  

w ith  y i e l d  in  b u i l d i n g  up a h ig h  y i e l d  s t r a i n  i n  g r e e n  gram .
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J o se p h  P h i l l i p  and N a ir  (1 9 8 3 ) s t u d ie d  t h e  r e l a t i o n 

s h ip  b e tw e e n  y i e l d  and o t h e r  m o r p h o lo g i c a l  and r h iz o m e  ch a rs  

c t e r s  and r e v e a l e d  t h a t  h e ig h t  o f  t h e  p l a n t  p e t i o l e  le n g t h ,  

le n g t h  and b r e a d t h  o f  l e a f ,  num ber o f  le a v e s  p e r  t i l l e r ,  

le n g t h  o f  p r im a r y  f i n g e r s  and g i r t h  o f  m oth er r h iz o m e  a t  

c e n t r e  w ere  p o s i t i v e l y  c o r r e l a t e d  w ith  th e  y i e l d .

2 . 2 .  SELECTION OP CHARACTERS

2 . 2 . 1 .  PRINCIPAL COMPONENT ANALYSIS AND FACTOR ANALYSIS

T h u rs to n e  (1931 ) d e s c r i b e d  a m ore g e n e r a l l y  a p p l i c a 

b l e  m ethod  o f  f a c t o r  a n a ly s i s  w h ich  h ad  no r e s t r i c t i o n s  as 

r e g a r d s  t o  g ro u p  f a c t o r s  and v /h ich  d id  n o t  r e s t r i c t  th e  

number o f  g e n e r a l  f a c t o r s  t h a t  a r e  o p e r a t iv e  i n  p r o d u c in g  

t h e  i n t e r c o r r e l a t i o n s .

/  A c c o r d in g  t o  H o t e l l i n g  (1 9 3 3 ) P r i n c i p a l  com p on en ts  

a r e  l i n e a r  c o m b in a t io n s  o f  s t a t i s t i c a l  v a r i a b l e s  w h ich  h ave 

s p e c i a l  p r o p e r t i e s  i n  term s o f  v a r ia n c e .  The f i r s t  p r i n c i p a l  

com p on en t i s  t h e  n o r m a lis e d  l in e a r " " c o m b in a t io n  w it h  maximum 

v a r ia n c e .

G i r s h i c k  (1 9 3 6 ) h as show n t h a t  p r i n c i p a l  com p on en ts 

a re  l i n e a r  f u n c t i o n s  o f  v a r i a b l e s  w h ich  h a v e  l e a s t  v a r ia n c e  

a s c r i b a b l e  t o  e r r o r s  o f  m easurem ent and f a c t o r  l o a d in g s  o f  

p r i n c i p a l  com p on en ts  a r e  maximum l i k e l i h o o d  s t a t i s t i c s .



Rao (1 9 55 ) e x p la in e d  t h e  e x p e r im e n t a l  s i t u a t i o n  

and n a tu re , o f  th e  d a t a  on w h ich  t h e  t e c h n iq u e  o f  f a c t o r  

a n a ly s i s  ca n  b e  s u c c e s s f u l l y  e m p lo y e d .

The n o r m a lis e d  raw  v a r im a x  c r i t e r i o n  f o r  th e  

r o t a t i o n  o f  p r i n c i p a l  com p on en ts  was p r o p o s e d  b y  K a is e r  

(1 9 5 6 , 1 9 5 8 ) .  He f u r t h e r  show ed t h a t  t h e  v a r im a x  r o t a 

t i o n  s a t i s f i e d  th e  d e s i r a b l e  p r o p e r t y  o f  f a c t o r i a l  i n v a r ia n c e .

K a is e r  ( i9 6 0 )  h as s t a t e d  t h a t  a w h o le  o f  h o s t  o f  

c r i t e r i a  in v o l v i n g  b o t h  s t a t i s t i c a l  and p r a c t i c a l  c o n 

s i d e r a t i o n s  s u g g e s t  t h e  num ber o f  p r i n c i p a l  com p on en ts  .
2

h a v in g  a s s o c i a t e d  l a t e n t  r o o t s  g r e a t e r  th a n  S i  / n ( = l  when 

p r i n c i p a l  com p on en t a n a ly s i s  i s  p e r fo r m e d  on  t h e  c o r r e l a 

t i o n  m a t r ix )  as t h e  b e s t  s i n g l e  c r i t e r i o n  f o r  th e  num ber 

o f  f a c t o r s  t o  b e  assum ed in  th e  d e s c r i p t i o n  o f  any s t r u c 

t u r e  w h e th e r  p r i n c i p a l  com p on en t a n a ly s i s  o r  F a c t o r  

a n a ly s i s  h ave b e e n  p e r fo r m e d .

L a w ley  (1 9 6 3 ) d e v e lo p e d  a s t a t i s t i c a l  t e s t  f o r  

t e s t i n g  t h e  e q u a l i t y  o f  th e  l a s t  (m -1 ) c h a r a c t e r i s t i c s  

r o o t s  o f  th e  c o r r e l a t i o n  b a s e d  p r i n c i p a l  com p on en t a n a l y s i s .

L a w ley  and M axw ell (1 9 6 3 ) d e v e lo p e d  th e  l e a s t  

s q u a re  m eth od s f o r  r o t a t i n g  th e  f a c t o r  s t r u c t u r e s .

A c c o r d in g  t o  <TatteI (1 9 6 5 ) u t i l i t y  o f  th e  f a c t o r  

a n a ly s i s  l i e s  n o t  o n ly  o f  e x p la n a t o r y  s t a g e s  o f  r e s e a r c h



1 0

b u t  a l s o  a t  l a t e r  s t a g e s  when s im u lta n e o u s  a c t i o n  o f  

s e v e r a l  f a c t o r s  i n f l u e n c i n g  a v a r i a b l e  i s  t o  b e  c r i t i 

c a l l y  a n a ly s e d .

P e a r c e  (1 9 67 ) h as d e s c r i b e d  an i n t e r e s t i n g  a p p l i 

c a t i o n  o f  p r i n c i p a l  com p on en t a n a ly s i s  in  a p p le  f o r  th e  

p r e d i c t i o n  o f  th e  t r e e  -w eigh t on  th e  b a s i s  o f  r e l e v a n t  

s i z e  m easu rem en ts o f  i n d i v i d u a l  t r e e .

The p a t t e r n  o f  d i v e r s i t y  i n  th e  gen u s sorghum  

was a n a ly s e d  u s in g  c e n t r o i d  m eth od  o f  f a c t o r  a n a ly s i s  

b a s e d  on  t e n  t o  tw e lv e  g ro u p s  o f  p o p u la t io n s  b y  M urthy 

and A runach alam  (1 9 6 7 ) .  The f a c t o r  l o a d in g s  on  th e  v a r i a 

b l e s  w ere  d i f f e r e n t  in  tw o g ro u p s  o f  p o p u l a t i o n s .  T h ree  

f a c t o r s  w ere  fo u n d  t o  b e  a d e q u a te  t o  a c c o u n t  f o r  m ore o f  

i n t e r c o r r e l a t i o n  i n  b o t h  th e  g e n o t y p ic  and e n v ir o n m e n ta l 

c o r r e l a t i o n  m a t r i c e s .

W alton  ( l9 7 2 )  s t u d ie d  t h e  r e l a t i v e  v a r i a t i o n  o f  

c h a r a c t e r s  in  a f i v e  b y  f i v e  d i a l l e l  c r o s s  among v a r i e t i e s  

o f  s p r in g  w h e a t u s in g  f a c t o r  a n a ly s is  and fo u n d  t h a t  

f a c t o r s  c o n c e r n e d  w it h  f l a g  l e a f  a r e a  and d u r a t io n  w ere  

th e  m ost im p o r ta n t  c o n t r i b u t o r s  tow a rd s  t h e  t o t a l  d i v e r 

g e n ce  .

P r i n c i p a l  com p on en t a n a ly s i s  was p e r fo r m e d  on  

tw e n ty  tw o m o r p h o lo g i c a l  c h a r a c t e r s  and y i e l d  d e te r m in in g
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c h a r a c t e r s  o f  s i x t e e n  c u l t l v a r s  and s t r a i n s  o f  d r y  b ea n s  

b y  D e n is  and Adams (1 9 7 8 ) .  V a r ia b le s  w it h  t h e  h ig h e s t  

p o s i t i v e  l o a d in g s  on th e  f i r s t  a x is  w ere  s e e d  w eigh t#  p o d  

th ic k n e s s #  p o d  b rea d th #  p o d  le n g t h  and i n t e m o d e  l e n g t h .

T ik k a  and Asawa (1 9 7 8 ) u s e d  c o r r e l a t i o n s  o f  tw e n ty  

e i g h t  g e n o ty p e s  f o r  f a c t o r  a n a ly s i s  and o n ly  tw o f a c t o r s  

w ere  fo u n d  im p o r ta n t  in  e x p l a i n i n g  th e  v a r i a t i o n s  i i i  th e  

s e v e n  t r a i t s .

J o h n s to n  (1 9 78 ) h as su m m arised  th e  a d v a n ta g e  o f  

p r i n c i p a l  com p on en t a n a ly s i s  as ( l )  t o  i d e n t i f y  g ro u p s  

o f  u n c o r r e la t e d  v a r i a b l e s  (2 ) t o  r e d u c e  num ber o f  v a r i a b l e s  

(3 ) t o  rem ove m u lt i  c o l l i  n e a r  i t y .

A garw al e t  a l . (1 9 8 0 ) u se d  t h e  t e c h n iq u e  o f  

P r i n c i p a l  com p on en ts  t o  d e v e lo p  w e a th e r  i n d i c e s .  F u r th e r  

t h e y  u s e d  p r i n c i p a l  com p on en ts  a s . in d e p e n d e n t  v a r i a b l e s  

in  a m u l t ip le  r e g r e s s i o n  e q u a t io n .  The f i r s t  tw o p r i n c i -  

o a l  com p on en ts  a c c o u n te d  f o r  a b o u t  80 p e r c e n t a g e  o f  t o t a l  

v a r i a t i o n  i n  y i e l d ,

M ahajan  e t  a l . (1 9 8 1 ) a p p l i e d  th e  a n a ly s i s  th ro u g h  

th e  p r i n c i p a l  com p on en t t e c h n iq u e  and sh ow ed  t h a t  th e  

m ost o f  th e  v a r i a t i o n s  in  l a t e  d u r a t io n  c u l t u r e s  o f  r i c e  

c o u ld  b e  e x p la in e d  b y  e a r - b e a r i n g  t i l l e r s  o r  g r a in  number 

p e r  p a n i c l e  and 1 0 0  g r a in  w e ig h t  among a s e t  o f  s i x  v a r i a b l e s .



F a c t o r  a n a ly s i s  was c a r r i e d  o u t  b y  T ik k a  and Asawa 

(1 9 8 2 ) in  cow p ea  and sh ow ed  t h a t  th e  c o m p le x  r e l a t i o n s h i p  

among t h e  d i f f e r e n t  t r a i t s  c o u ld  b e  e x p l a in e d  w ith  th e  

h e lp  o f  t h r e e  f a c t o r s *

2 . 2 . 2 .  PATH-COEFFICIENT ANALYSIS

The t h e o r y  o f  p a t h - c o e f f i c i e n t  a n a ly s i s  was f i r s t  

e s t a b l i s h e d  b y  W rig h t  (1 9 2 1 ) .  ,

L i (1956 ) has p o i n t e d  o u t  t h a t  t h e  m ost d i r e c t  

a p p l i c a t i o n s  o f  p a t h - c o e f f i c i e n t  m ethod  i s  t h e  d e d u c t io n  

o f  c o r r e l a t i o n  b e tw e e n  tw o v a r i a b l e s  w h ich  a re  l i n e a r  

f u n c t i o n s  o f  some common v a r i a b l e s ,

K em pth om e (1 9 5 7 ) has i l l u s t r a t e d  t h r e e  m ain a p p l i 

c a t i o n s  o f  p a t h - c o e f f i c i e n t s .  T hey w ere  ( l )  To s tu d y  th e  

c o n s e q u e n c e s  o f  a num ber o f  l i n e a r l y  r e l a t e d  f o r c e s #  on 

t h e i r  r e s u l t a n t  in  a c a u s e  and e f f e c t  s y s te m  (2 ) To exam in e 

th e  f e a s i b i l i t y  o f  p a t t e r n  o f  c a u s a l  f o r c e s  in  e s t im a t in g  

p a t h - c o e f f i c i e n t s  w h ose  d i r e c t  r e s u l t s  c a n n o t  b e  m ea su red  

(3 ) In  m aking c le a r #  w h at ca n  b e  d e d u c te d  fro m  a s e t  o f  

c o r r e l a t i o n  c o e f f i c i e n t s .  >.

Dew ey and Lu (1 9 5 9 ) u se d  p a t h - c o e f f i c i e n t  a n a ly s i s  . 

t o  s t u d y  th e  r e l a t i v e  im p o r ta n c e  o f  s i x  b i o m e t r i c  c h a r a c t e r s  

i n  e n h a n c in g  w h eat g r a s s  p r o d u c t i o n .  F e r t i l i t y  and p la n t
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s i z e  had s t r o n g  d i r e c t  and i n d i r e c t  i n f l u e n c e s  on  y i e l d .

W r ig h t  (1 9 6 8 ) s u g g e s t e d  s u i t a b l e  t r a n s fo r m a t io n s  

i n  c a s e s  w h ere th e  u n d e r ly in g  r e l a t i o n s h i p  b e tw e e n  v a r i a 

b l e s  i s  n o n - l i n e a r .

B utan y  e t  a l . (1 9 6 8 ) u se d  p a th  a n a ly s i s  t o  i d e n t i f y  

y i e l d  com p on en ts  i n  c o t t o n  and r e y e a le d  t h a t  sy m p od ia  and 

b o l l  w e ig h t  c o n t r i b u t e d  m ost d i r e c t  and i n d i r e c t  i n f l u e n c e s  

on  y i e l d .

BaColwal e t  a l .  (1 9 7 0 ) r e v e a le d  b y  p a th  a n a ly s is  

t h a t  c a p s u le  number and 1 0 0 0 - s e e d  w e ig h t  w ere  th e  m a jo r  

f a c t o r s  w h ich  d ir e c lJ a c o n t r ib u t e d  t o  s e e d  y i e l d  in  l i n s e e d .

Norman ( l9 7 D  u se d  p a t h - c o e f f i c i e n t  a n a ly s i s  t o  

i d e n t i f y  im p o r ta n t  com p on en ts  o f  s u g a r c a n e  p r o d u c t io n  and 

fo u n d  t h a t  number o f  m i l l a b l e  s t a l k  p e r  u n i t  a r e a  was th e  

m ost im p o r ta n t  f a c t o r  f o l l o w e d  b y  s t a l k  d ia m e te r  and s t a l k  

l e n g t h .

K hangura and Sandhu (1972) u s e d  p a t h  a n a ly s i s  i n  

g ro u n d n u t and fo u n d  t h a t  l e n g t h  o f  p r im a r y  b ra n ch e s  was 

th e  m o st  im p o r ta n t  c h a r a c t e r  h a v in g  h ig h e s t  d i r e c t  and 

i n d i r e c t  e f f e c t s  on y i e l d .

P a th  a n a ly s i s  was a t te m p te d  i n  f l u e - c u r e d  t o b a c c o  

b y  V en k a ta  Rao e t  a l .  (1 9 7 3 ) and th e y  fo u n d  t h a t  p la n t s
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w it h  g r e a t e r  num ber o f  b r o a d  le a v e s  w o u ld  b e  i d e a l  f o r  ; 

s e l e c t i o n *

S h iv a h a r e  e t  a l .  (1 9 7 5 ) u s e d  p a t h  a n a ly s i s  in  

I n d ia n  m u sta rd  and fo u n d  t h a t  number o f  s e c o n d a r y  and 

p r im a r y  b r a n c h e s , num ber o f  s e e d s  p e r  s i l i q u a  and 1 0 0 0  

s e e d  w e ig h t  w ere  th e  m a jo r  com p on en ts  o f  s e e d  y i e l d .

Kamalam e t  a l ; . ( 1 9 7 7 )  c o n d u c te d  p a th  c o e f f i c i e n t  

a n a ly s i s  i n  sw e e t  p o t a t o .  Among th e  c h a r a c t e r s ,  num ber 

o f  t u b e r s  show ed t h e  maximum p o s i t i v e  d i r e c t  as w e l l  as 

i n d i r e c t  e f f e c t s  on y i e l d  o f  t u b e r s .

R atnam bal (1 9 7 9 ) a p p l i e d  p a t h - c o e f f i c i e n t  a n a ly s i s  

i n  g i n g e r  and r e v e a le d  t h a t  t h e  c h a r a c t e r 'p l a n t  h e i g h t 1 

e x h i b i t e d  a h ig h  d i r e c t  e f f e c t  as w e l l  as i n d i r e c t  e f f e c t s  

in  t h e  e s t a b l is h m e n t  o f  c o r r e l a t i o n s  b e tw e e n  y i e l d  and 

o t h e r  m o r p h o lo g ic a l  c h a r a c t e r s .

N am biar (1 979 ) a p p l i e d  p a th  a n a ly s i s  t o  i d e n t i f y  

th e  im p o r ta n t  y i e l d  com p on en ts  o f  t u r m e r ic  and among th e  

c h a r a c t e r s ,  p la n t  h e ig h t  and num ber o f  f i n g e r s  w ere  th e  

m a jo r  com p on en ts  o f  rh izo m e  y i e l d *  He c o n c lu d e d  t h a t  

p l a n t  h e ig h t  i n  t u r m e r ic  i s  a s i n g l e  im p o r ta n t  m o rp h o lo 

g i c a l  c h a r a c t e r  f o r  w h ich  s e l e c t i o n  f o r  y i e l d  c o u ld  b e  

m ade. '
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On t h e  b a s i s  o f  c o r r e l a t i o n  and p a th  c o e f f i c i e n t  

a n a ly s i s  B h a g ch a n d in i and C houdhyry  (1 9 8 0 ) r e p o r t e d  t h a t  

d ia m e te r  o f  th e  r o o t  i s  t h e  m o st  r e l i a b l e  s e l e c t i o n  

c i r t e r i o n  f o r  b r e e d in g  b e t t e r  v a r i e t i e s  i n  t r o p i c a l  

c a r r o t .

G eorge  (1 981 ) a p p l i e d  p a t h - c o e f f i c i e n t  a n a ly s is  

on o p en  p o l l i n a t e d  p r o g e n ie s  o f  t u r m e r ic  - and fo u n d  t h a t  

le n g t h  o f  s e c o n d a r y  f i n g e r  was th e  m a jo r  f a c t o r  c b n t r i -
i

b u t in g  t o  y i e l d  o f  rh izo m e  f o l l o w e d  b y  num ber o f  p r im a r y  

f i n g e r s .

T hrough  p a th  a n a ly s i s  on grou n d n u t*  N agabhushanam etaJ- 

(1 9 8 2 ) fo u n d  t h a t  num ber o f  m ature p o d s  and 1 0 0  k e r n e l  

w e ig h t  w ere  th e  m a jo r  c o n t r i b u t o r s  o f  y i e l d  w h i le  i n t e r -  

n o d a l  l e n g t h  and num ber o f  p r im a r y  b r a n c h e s  e x h i b i t e d  

o n ly  n e g a t iv e  d i r e c t  e f f e c t s .

2 . 4 .  S3LECTION INDEX

2 . 4 . 1 .  PHENOTYPIC INDEX

I f  in f o r m a t io n  on  g e n e t i c  p a r a m e te r s  a re  n o t  

e s t im a b le  s e l e c t i o n  i n d i c e s  b a s e d  on a u x i l i a r y  t r a i t s  

a r e  o f t e n  fo u n d  t o  b e  m ore r e l i a b l e  th a n  d i r e c t  s e l e c t i o n *

B a r t l e t t  (1 933 ) d e v e lo p e d  a t e c h n iq u e  o f  m u l t i 

v a r i a t e  r e g r e s s i o n  a n a ly s i s  b a s e d  on th e  l i n e a r  m odel
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y “  bo + bi xi + ................................................. + bP xp
w h ere  t h e  b ' s  a re  s o  s e l e c t e d  as t o  m a xim ize  th e  c o r r e l a 

t i o n  b e tw e e n  th e  o b t a in e d  and e x p e c t e d  v a lu e s  o f  th e  

d e p e n d e n t  v a r i a b l e .

The t e c h n iq u e  o f  m u l t ip le  l i n e a r  r e g r e s s i o n  was 

o r i g i n a l l y  p r o p o s e d  b y  F is h e r  (1 9 36 ) t o  c o n s t r u c t  d i s c r i 

m in a n t f u n c t i o n  o f  th e  fo r m  z  a ^ b i X i .

G upta  (1 9 71 ) u s e d  th e  m u l t ip le  r e g r e s s i o n  a n a ly s i s  

t o  c o n s t r u c t  a r e l i a b l e  s e l e c t i o n  in d e x  f o r  im p r o v in g  

f o d d e r  q u a l i t y  in  p e a r l  m i l l e t  and r e v e a le d  t h a t  num ber 

o f  l e a v e s ,  stem  t h i c k n e s s ,  p la n t  h e ig h t  and e a r l i n e s s  

a c c o u n te d  f o r  87 p e r c e n t a g e  v a r i a t i o n  i n  g r e e n  f o d d e r  

y i e l d .

N a ra in  and M ish ra  (1971 ) d e v e lo p e d  a new in d e x  

c a l l e d  t h e  'P h e n o t y p ic  i n d e x ' w h ich  r e d u c e s  e r r o r  v a r i a 

t i o n  o f  m ain t r a i t  b y  u s in g  p a r t i a l  r e g r e s s i o n  o f  s e v e r a l  

a u x i l i a r y  t r a i t s .

1 To p r e d i c t  th e  y i e l d  o f  w heat S in g h  e t  a l . (1 9 76 )

f i t t e d  m u lt ip le  r e g r e s s i o n  m od e ls  and c a l c u l a t e d  th e  

c o - e f f i c i e n t  o f  d e t e r m in a t io n  and t e s t e d  f o r  s i g n i f i c a n c e .

Sandhu and K o r la  (1 9 7 6 ) f i t t e d  a  m u l t ip l e  r e g r e s s i o n  

e q u a t io n  t o  p r e d i c t  th e  y i e l d  o f  o n io n  u s in g  th e  c h a r a c t e r s



num ber o f  s e e d s /p l a n t  s t a l k s  p e r  p l a n t  and w e ig h t  p e r  

um bel* . . . , ,

Asawa e t  a l * (1 9 7 7 ) c o n s t r u c t e d  d i f f e r e n t  p h en o

t y p i c  I n d i c e s  i n  s u n f lo w e r  and fo u n d  t h a t  in d e x  w it h  th e  

c h a r a c t e r s  h e ig h t ,  d ays  t o  h e a d in g , h e a d  d ia m e t e r  and 

p e r c e n t a g e  f i l l i n g  i n  s e e d s  e x p la in e d  maximum p e r c e n t a g e  

o f  t o t a l  v a r i a t i o n .

R atnam bal (1 979 ) a p p l i e d  m u l t ip le  r e g r e s s i o n  

a n a ly s i s  u s in g  m o r p h o lo g i c a l  c h a r a c t e r s  in  i n  g in g e r  and 

r e v e a le d  t h a t  th e  f i n a l  y i e l d  c o u ld  b e  f a i r l y  a c c u r a t e ly  

e s t im a t e d ,  b a s e d  on c e r t a i n  m o r p h o lo g i c a l  c h a r a c t e r s  a t  

9 0 ^  and 1 2 0 ^  d ay  a f t e r  p l a n t i n g .

2 .4 .2 , .  GENOTYPIC INDEX

The f i r s t  a p p l i c a t i o n  o f  th e  s e l e c t i o n  in d e x  t o  

p la n t  b r e e d in g  was b y  S m ith  (1 9 3 6 ) .  A c c o r d in g  t o  him  

g e n e t i c  w o r th  o f  an i n d i v i d u a l  'H* i s  d e f i n e d  as H = ^ a l G i  

w h ere  G i Ss a re  th e  g e n e t i c  v a lu e s  and a i ' s  a re  th e  w e ig h ts  

d e p e n d in g  on  t h e  e c o n o m ic  v a lu e s  o f  c o r r e s p o n d in g  c h a r a 

c t e r s .  A n o th e r  f u n c t i o n  ' I '  i s  d e f i n e d  as I  = l £ b i P i  

w h ere  b i ’ s  a re  t h e  r e g r e s s i o n  c o e f f i c i e n t s  e s t im a t e d  s u c h  

t h a t  th e  c o r r e l a t i o n  b e tw e e n  H and I  i s  maximum.
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The f i r s t  a p p l i c a t i o n  o f  t h e  s e l e c t i o n  in d e x  t o  

a n im a l b r e e d in g  was b y  H a ze l (1 9 4 3 ) .

K em pthor& £: and N ord sk og  (1 9 5 9 ) d e v e lo p e d  s e l e c t i o n  

i n d i c e s  b y  im p o s in g  c e r t a i n  r e s t r i c t i o n s  on  th e  m easu red  

t r a i t s  • ■

B rim  e t  a l . (1 9 59 ) c o n s t r u c t e d  s e l e c t i o n  i n d i c e s  b y  

g i v i n g  d i f f e r e n t  s e t s  o f  w e ig h ts  f o r  s e l e c t i n g  p r o m is in g  

g e n o ty p e s  i n  S o y a b e a n . ■

W ill ia m s  (1 9 6 2 ) c o n s t r u c t e d  s e l e c t i o n  i n d i c e s  f o r  

s e l e c t i n g  th e  b e s t  'm ' o u t  o f  a random  sa m p le  o f  * k ‘ 

l i n e a r  f u n c t i o n s  o f  n o n -o b s e r v a b le  m u l t i v a r i a t e  n orm al 

v a r i a b l e s .

■ H a r r is  (1 9 64 ) d e v e lo p e d  a  m eth od  t o  m easu re  maximum

a t t a i n a b l e  p r o g r e s s  fr o m  in d e x  s e l e c t i o n  i n v o l v i n g  e s t im a t e s  

o f  p o p u l a t i o n  p a r a m e t e r s .  .

James (1 9 68 ) g a ve  a d i f f e r e n t  a p p r o a c h  t o  r e s t r i c t e d  

s e l e c t i o n .  A c c o r d in g  t o  him  i t  m ig h t b e  c o n v e n ie n t  n o t  t o  

m easu re  c e r t a i n  t r a i t s  w h ose i n c l u s i o n  ad d ed  l i t t l e  t o  

e f f i c i e n c y ,  e v en  i f  t h e y  w ere  o f  some e c o n o m ic  im p o r ta n c e .

P e s e k  and B a k er  ( l9 6 9 )  s u g g e s t e d  a m eth od  o f  

c o n s t r u c t i n g  s e l e c t i o n  i n d i c e s  b a s e d  on th e  p r i n c i p l e s  o f  

s p e c i f y i n g  1 d e s i r e d  g a in s  * o f  a g ro u p  o f  q u a n t i t a t i v e  

t r a i t s .  T h e ir  m eth od  a v o id s  th e  p r o b le m  o f  a s s ig n in g
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r e l a t i v e  e c o n o m ic  w e ig h ts  t o  t h e  t r a i t s  w h ic h  some t im e s  

l i m i t s  th e  p r a c t i c a l  u se  o f  in d e x  s e l e c t i o n .

Verma and S in g h  (1971 ) w ork ed  o u t  s e l e c t i o n  

i n d i c e s  t o  b r in g  a b o u t  im p rovem en t i n  b a r n y a r d  m i l l e t .

The s e l e c t i o n  in d e x  b a s e d  on  y i e l d ,  num ber o f  t i l l e r s ,  

num ber o f  n od es  and d a y s  t o  f l o w e r i n g  was t h e  m ost 

e f f i c i e n t .

P u n d ir  and R a i (1 9 7 1 ) a p p l i e d  m u l t i p l e  s e l e c t i o n  

c r i t e r i a  t o  b r in g  a b o u t  g e n e t i c  im p rovem en t o f  t o r i a  

p o p u l a t i o n s .  S e l e c t i o n  in d e x  b a s e d  o n  s e e d s  p e r  s i l i q u a ,  

1 0 0 0  s e e d  w e ig h t  and y i e l d  p e r  p la n t  was o b s e r v e d  t o  b e  

th e  m ost e f f e c t i v e  o n e .

The a p p ro a ch  o f  d i s c r im in a n t  f u n c t i o n  was u s e d  t o  

c o n s t r u c t  s e l e c t i o n  i n d i c e s  f o r  y i e l d  i n  I n d ia n  m u stard  

b y  S in g h  and S in g h  (1 9 7 4 ) .  S e l e c t i o n  b a s e d  on  num ber o f  

p r im a ry  b r a n c h e s , s i l i q u a l  le n g t h  and p l a n t  h e ig h t  r e c o r d e d  

th e  h ig h e s t  r e l a t i v e  e f f i c i e n c y .

S e l e c t i o n  i n d i c e s  f o r  f o d d e r  y i e l d  i n  sorghum  w ere  

com p u ted  f o r  d i f f e r e n t  c o m b in a t io n  o f  c h a r a c t e r s  b y  S in g h  

and S in g h  (1 9 7 4 ) .  The b e s t  s e l e c t i o n  in d e x ,  w h ich  in c lu d e d  

th e  l e a f  l e n g t h ,  stem  g i r t h ,  stem  le n g t h ,  num ber o f  i n t e r 

n od es  and f o d d e r  y i e l d  r e s u l t e d  i n  2 0 -3 4  p e r c e n t a g e  

in c r e a s e  o f  e f f i c i e n c y  o v e r  d i r e c t  s e l e c t i o n .
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S in g h  and S in g h  (1 9 7 6 ) d e v e lo p e d  a s e t  o£ d i s c r i 

m in a n t f u n c t i o n s  in  d i f f e r e n t  g e n e r a t io n s  o f  c h i l l i  f o r  

i d e n t i f i c a t i o n  o f  s u p e r i o r  g e n o t y p e s .  Days t o  f l o w e r ,  

f r u i t  l e n g t h  and num ber o f  f r u i t s  p e r  p l a n t  w ere  th e  

m a jo r  com p on en ts  in  d e te r m in in g  y i e l d  in  c h i l l i .

C handrappa e t  a l .  (19 78 ) c o n s t r u c t e d  s e l e c t i o n  

i n d i c e s  u s in g  d is c r im in a n t  f u n c t i o n  in  t r i t i c a l e .

Maximum e f f i c i e n c y  was fo u n d  f<pr th e  in d e x  w ith  1000 

k e r n e l  l e n g t h ,  d ays t o  h e a d in g , y i e l d ,  f l o r a l  f e r t i l i t y  

and k e r n e l  l e n g t h .

S e l e c t i o n  i n d i c e s  f o r  y i e l d  w ere  c o n s t r u c t e d  and 

t h e i r  e f f i c i e n c i e s  a s s e s s e d  i n  term s o f  th e  e x p e c t e d  

g e n e t i c  a d va n ce  u s in g  30 v a r i e t i e s  in  n i g e r  b y  Saha and 

P a tn a ik  (1 9 8 0 ) .  F iv e  g r o u p s  o f  s e l e c t i o n  i n d i c e s  w ere 

e v a lu a t e d ,  t h e  c h a r a c t e r s  b e in g  c h o o s e n  on  f i v e  d i f f e r e n t  

c r i t e r i a  ( l )  h e r i t a b i l i t y  (2 ) p h e n o t y p ic  c o r r e l a t i o n  w it h  

y i e l d  (3 ) g e n o t y p ic  c o r r e l a t i o n  w ith  y i e l d  (4 ) p r o d u c t  o f  

h e r i t a b i l i t y  and p h e n o t y p ic  c o r r e l a t i o n  w it h  y i e l d  (5 ) 

p r o d u c t  o f  h e r i t a b i l i t y  and g e n o t y p ic  c o r r e l a t i o n  w ith  

y i e l d .  The a b s o lu t e  v a lu e  o f  th e  p r o d u c t  o f  h e r i t a b i l i t y  

and g e n o t y p i c  c o r r e l a t i o n  w it h  y i e l d  was fo u n d  t o  b e  th e  

m ost e f f i c i e n t  c r i t e r i o n  f o r  th e  s e l e c t i o n  o f  c h a r a c t e r s .
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3 .  MATERIALS AND- METHODS-

The d a t a  f o r  t h e  s t u d y  w ere  g a t h e r e d  fr o m  a f i e l d  

t r i a l  on  t u r m e r ic  c o n d u c t e d  b y  t h e  D ep a rtm en t o f  P la n t a 

t i o n  C r o p s , C o l le g e  o f  H o r t i c u l t u r e ,  V e l la n ik k a r a ,T r i c h u r  

D i s t r i c t  d u r in g  th e  y e a r  1 9 7 7 -7 8 . The e x p e r im e n t  was 

l a i d  o u t  in  ra n d om ised  b l o c k  d e s ig n  w it h  f o u r  r e p l i c a 

t i o n s  and 19 v a r i e t i e s  as t r e a t m e n t s .  The w e a th e r  and 

s e a s o n a l  c o n d i t i o n s  d u r in g  th e  p e r i o d  o f  s t u d y  w ere  m ore 

o r  l e s s  n o r m a l. The s o i l  was r e d  l a t e r i t e  loa m . A d equ ate  

d r a in a g e  was p r o v id e d .  S m a ll e l e v a t e d  b e d s  o f  h e ig h t

0 .2 5  cm and a r e a  3 .6  r a x  1 -6  ra w ere  r a i s e d  p r o v id in g  

c h a n n e ls  o f  w id th  0 . 6  m a rou n d  e a c h  t o  p r e v e n t  th e  s o i l  

e r o s i o n  and w a te r  l o g g i n g .  Thus th e  e x p e r im e n t a l  p l o t  

c o n s i s t e d  o f  a  n e t  a r e a  o f  3 m x  1 m w it h  a p o p u la t i o n  o f  

48  p la n t s  a t  a  u n ifo r m  s p a c in g  o f  25 cm x  25 cm.

The n in e t e e n  v a r i e t i e s  o f  t u r m e r ic  u s e d  f o r  th e  

s t u d y  w ere  th e  f o l l o w i n g .

1 .  C hayapasupa

2 .  K uchupudi

3 .  K odur

4 .  G .L .p u ram  -  I I

5 .  Mannuthy l o c a l

6 .  N andyal
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7 .  A m ruthpani k o t a p e t a

8 .  Arm oor

9 .  D u g g ir a la

1 0 . Amalapuram

1 1 . V on tim i t t a

1 2 . K a s t u r i  Tanxaka

1 3 . A m ru th a p a n ik o th a p e ta  C I I -3 1 7 .

1 4 . D in d r ig a m  C a -6 9

1 5 . D u g g ir a la  C I I -3 2 5

1 6 . R a ja p u r i

1 7 .  Arm oor C 1 I-3 2 4

1 8 . G .L .P u ra m -l

1 9 . Tekxorpeta

O b s e r v a t io n s  on  m o r p h o lo g i c a l  and rh izo m e  c h a r a c t e r s  

w ere  c o l l e c t e d  fro m  a random  sam ple  o f  40 p la n t s  s e l e c t e d  

a t  th e  r a t e  o f  te n  p e r  p l o t .  The c h a r a c t e r s  in c lx id e d  i n  th e  

s t u d y  w ere  th e  f o l l o w i n g .

1 .  L en g th  o f  s e c o n d a r y  f i n g e r .  ,

2 .  G ir t h  o f  s e c o n d a r y  f i n g e r  a t  c e n t r e .

3 .  Number o f  n od es  p e r  s e c o n d a r y  f i n g e r .

4 .  I n t e m o d a l  d i s t a n c e  o f  s e c o n d a r y  f i n g e r .

5• L e n g th  o f  m oth er rh iz o m e  ,

6 . Number o f  n od es  p e r  ■mo'theT T'hizoTne
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7 .  G ir t h  o f  m oth er rh izom e  a t  c e n t r e .

8 # I n t e r n o d a l  d i s t a n c e  o f  m oth er rh izo m e

9 .  Number o f  n od es  p e r  p r im a r y  f i n g e r .

1 0 . L en gth  o f  p r im a ry  f i n g e r .

1 1 . I n t e r n o d a l  d i s t a n c e  o f  p r im a r y  f i n g e r .

1 2 .  G ir t h  o f  p r im a r y  f i n g e r  a t  c e n t r e .

1 3 . L en gth  o f  l a s t  f u l l y  o p e n e d  l e a f .

1 4 . B re a d th  o f  l e a f  a t  c e n t r e .

1 5 . P e t i o l e  l e n g t h .

1 6 . l i e ig h t  o f  th e  p l a n t .

1 7 . Number o f  l e a v e s  p e r  t i l l e r .

1 8 . Y i e l d  o f  raw rh iz o m e  p e r  b e d .

3 . 1 .  ESTIMATION OP GENETIC PARAMETERS

The p r o g r e s s  o f  s e l e c t i o n  in  a p o p u l a t i o n  i s
and

p r i m a r i l y  c o n d i t i o n e d  b y  m a g n itu d e , n a t u r e ,Ai n t e r a c t i o n  

o f  g e n o t y p i c  and n o n -g e n o t y p ic  v a r i a t i o n s .  T h is  i n d i c a t e s  

th e  n e e d  o f  p a r t i t i o n i n g  th e  t o t a l  V a r i a b i l i t y  i n t o  

h e r i t a b l e  and n o n - h e r i t a b l e  com p on en ts  s o  as t o  e n a b le  

th e  b r e e d e r  t o  a d o p t  s u i t a b l e  b r e e d in g  t e c h n o l o g y .

A s k e l e t o n  o f  th e  A n a ly s is  o f  V a r ia n c e  t a b l e  o f  

th e  e x p e r im e n t  i s  g iv e n  b e lo w .
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T a b le  3 . 1 .  A n a ly s is  o f  v a r ia n c e  o f  t h e  f i e l d  t r i a l
on  t u r m e r ic  i n  R .B .D . w i t h  ' r '  r e p l i c a t i o n  
and 't *  v a r i e t i e s .

S o u r c e
D eg ree  
o f  f r e e 
dom.

Sum o f  
s q u a r e s

Mean sum 
o f  s q u a r e s  

(M .S .S . )

E x p e c te d  
M .S .S .

R e p l i c a t i o n s
l

r - 1 S .S .R . Mo S « S * Ra
„  „  ' 2 2

V a r i e t i e s t - 1 S .S .T M .S .S .T  g—- + r  G -g

E r r o r ( r - 1 ) ( t - 1 ) S .S .E . M .S .S .E  ^ 2
e

T o t a l r t - 1

2 2 P h e n o ty p ic  v a r ia n c e  ( s—  ) ,  g e n o t y p i c  v a r ia n c e  ( —  )P „ ® g
and e n v ir o n m e n ta l  v a r ia n c e  ( s— - )  a r e  e s t im a t e d  fr o m

f a b l e  3 .1  as f o l l o w s .

= M .S .S .E

, ~  M .S .S .T . -  M .S .S .E ,
6  g  ------------

ft 2 B
“ P

~ T  

g . ® e
* 2  +  ft. 2

( 3 .1 )

(3 .2 )

(3 .3 )

T h ese  com p on en ts  o f  v a r ia n c e  a r e  f u r t h e r  u s e d  f o r  

e s t im a t in g ,  o t h e r  u s e f u l  s t a t i s t i c a l  m ea su res  s u ch  as 

p h e n o t y p ic  c o e f f i c i e n t  o f  v a r i a t i o n ,  g e n o t y p i c  c o e f f i c i e n t  

o f  v a r i a t i o n ,  h e r i t a b i l i t y ,  p h e n o t y p ic  and g e n o t y p ic
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c o e f f i c i e n t s  o f  c o r r e l a t i o n ,  g e n e t i c  a d v a n ce  and 

g e n e t i c  g a in *

3 .1 * 1 .  PHENOTYPIC COEFFICIENT OF VARIATION

.. ‘ ^
P h e n o ty p ic  c o e f f i c i e n t  o f  v a r i a t i o n  (P .C .V )

p r o v id e s  ah in d e x  o f  p h e n o t y p ic  v a r i a b i l i t y  and i s  e s t i 

m ated  b y

P .C .V  -  G"p x  i o q  (3 . 4 )
I T  ’

A

Where i s  th e  e s t im a t e  o f  p h e n o t y p ic  s ta n d a r d‘ IT '
d e v i a t i o n  o f  th e  v a r i a b l e  X and X i s  th e  mean o f  th e

o b s e r v a t io n s  o f  th e  v a r i a b l e  X

3 . 1 . 2 .  GENOTYPIC COEFFICIENT OF VARIATION '
• i * . K ' .

G e n o ty p ic  c o e f f i c i e n t  o f  v a r i a t i o n  (G .C .V ) i s  

u s e f u l  t o  a s s e s s  and com p are  t h e  ra n g e  o f  g e n e t i c

d i v e r s i t y  f o r  a q u a n t i t a t i v e 1 t r a i t  and i s  e s t im a te d  b y

G .C .V  = c r ip x  1 0 0  (3 . 5 )

X

Where i s  th e  e s t im a t e  o f  g e n o t y p i c  s ta n d a r d  d e v i 

a t i o n  o f  v a r i a b l e  X and X i s  th e  mean o f  t h e  o b s e r v a t io n s  

o f  v a r i a b l e  X .

3 . 1 . 3 .  HERITABILITY

The s c o p e  f o r  g e n e t i c  im p rovem en t th r o u g h  s e l e -
, 2 

c t i o n  f o r  a  p a r t i c u l a r  t r a i t  d ep en d s on  i t s  h e r i t a b i l i t y ( h  )
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and i n  b r o a d  s e n s e  i t  i s  t h e  r a t i o  o f  th e  g e n o t y p i c  . 

V a r ia n c e  t o  t h e  p h e n o t y p ic  v a r ia n c e .  H e r i t a b i l i t y  i s  

e s t im a t e d  as f o l l o w s  t

, 2  k 2  /  k 2 ( 3 ,6 )
b  “  ** g

3 . 1 . 4 .  PHENOTYPIC CORRELATION .

P h e n o ty p ic  c o r r e l a t i o n  c o e f f i c i e n t  { r  ) i s  a
P

m easure o f  t h e  d e g r e e  o f  l i n e a r  r e l a t i o n s h i p ,  b e tw e e n .tw o  

q u a n t i t a t i v e  t r a i t s  b a s e d  on  t h e i r  p h e n o t y p ic  v a lu e s .

E s t im a te s  o f  t h i s  p a r a m e te r  a r e  d e te r m in e d  fr o m  

th e  p a r t  o f  a n a ly s i s  o f  c o v a r ia n c e  t a b l e  o f  th e  r e le v a n t  

c h a r a c t e r s .  T a b le  3*2  g iv e s ,  a  s k e le t o n  o f  th e  p a r t  o f  

th e  a n a ly s i s  o f  c o v a r ia n c e  o f  a p a i r  o f  c h a r a c t e r s  X and 

Y o f  an e x p e r im e n t  i n  ft .B .D . w it h  - t '  v a r i e t i e s  i n  'r *  

r e p l i c a t i o n s .

T a b le  3 . 2 .  A n a ly s is  o f  c o v a r ia n c e  o f  t h e  e x p e r im e n t  
on  t u r m e r ic  w ith  r  r e p l i c a t i o n s  and t  
v a r i e t i e s •

S o u r c e D e g re e  o f  
fr e e d o m

Sum o f  
p r o d u c t s

i'fean sum 
o f  p r o d u c t s  
(M .S .? )

E x p e c te d
M .S .P

R e p l i c a t i o n s r - 1 S .P .R .(X Y ) M .S .P .R . (XY)

V a r i e t i e s t - 1 S .P .T .  (XY) M .S .P .T (X Y ) - + r _____
E r r o r ( r - 1 ) ( t - 1 ) S .P .E ,(X Y ) M .S .P .E  (XY)

XY G g ^

*
i

° eXY

T o t a l ( r - 1 ) ( t - 1 )
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P h e n o t y p ic  c o v a r ia n c e  ( G p  )# g e n o t y p i c  c o v a r ia n c e  ( g - )

e XY

XY
and e n v ir o n m e n ta l  c o v a r ia n c e  ( cj- a ) a re  e s t im a t e d  fr o m  

th e  t a b l e  3 .2  as f o l l o w s *

A

U e XY *  M*S *P *E (XY) (3 *7)

{3 a 8 )
gXY ~ M*S "P *TxSf>*" M,S*P,E*(XY)

r  ■
* * L  ̂ ( 3 .9 )

b  P  "  G  n  S  0XY t gXY XY

I f  r n d e n o t e s ■th e  e s t im a t e d  p h e n o t y p ic  c o r r e l a t i o n  

c o e f f i c i e n t  t h e n .

r  -  c - f - /  < c~W ~2 ' < r f  ^  <3- 10 )
*  *XY X *Y

S i g n i f i c a n c e  o f  t h e  p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t

i s  t e s t e d  b y  u s in g  th e  s t u d e n t 's  ( t )  t e s t  a t  e r r o r  d e g r e e s  

o f  fr e e d o m .

3 . 1 . 5  GENOTYPIC CORRELATION

The c o e f f i c i e n t  o f  g e n o t y p i c  c o r r e l a t i o n  b e tw een  

tw o t r a i t s  m easu res t h e  d e g r e e  o f  a s s o c i a t i o n  b e tw een  t h e i r  

g e n e t i c  v a l u e s .  E s t im a te s  o f  g e n o t y p i c  c o r r e l a t i o n  r e s t s  

on  t h e  resu ra b la n ce  b e tw e e n  r e l a t i v e s  i n  a  m anner a n a lo g u e  

t o  th e  e s t im a t io n  o f  h e r i t a b l l i t i e s  d i s c u s s e d  e a r l i e r .

The e s t im a t e  o f  g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t
A ‘

(r ^ )  i s  g iv e n  b e lo w .
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A

ifc
JXY (3 .1 1 )

_2_
9 *

- a - ) y 2

t h e  t e s t  o f  s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  

e s t im a t e d  g e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  i s  don e b y  

u s in g  th e  s t u d e n t 's  ' t '  t e s t  w ith  e r r o r  d e g r e e  o f  fr e e d o m  

as i n d i c a t e d  i n  3 .1 2 .

t  =:
K,' (3 .1 2 )

w here

( 1 -  Q *  - 4  (1 - V  ' (d - p V

+4 (fa ~ rP ) + 2( l -r ^ )  (1 - rp2)
D C  y  * C2

f  = j e r r o r  d e g r e e  o f  fr e e d o m

1  _
D " V2 3L

h 2

. 2  . 2  a re  t h e  h e r i t a b i l i t y
0 *1̂ .C = h 2 . h2

X Y ’

e s t im a t e s  o f  th e  c h a r a c t e r s  X and Y r e s p e c t i v e l y .

3 . 1 . 6  GENETIC ADVANCE

G e n e t ic  a d va n ce  (G .a ) i s  a m easure o f  th e  im p r o v e 

m ent i n  t h e  g e n o t y p ic  v a lu e  in  th e  new p o p u l a t i o n  as 

c o n t r a s t e d  t o  th e  b a s e  p o p u la t io n  th r o u g h  s e l e c t i o n .
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g e n e t i c  a d v a n ce  f o r  th e  i n d i v i d u a l  c h a r a c t e r  i s  e s t im a t e d  

b y  u s in g  t h e  fo r m u la  s u g g e s t e d  b y  L ush  (1 9 4 9 ),.

G .A . »  Ich2^ - — (3 .1 3 )

w h ere  k  i s  t h e  i n t e n s i t y  o f  .̂ ’s e l e c t i o n  a t  t h e  d e s i r e d  

p r o b a b i l i t y  l e v e l .

3 . 1 . 7 .  GENETIC GAIN

G e n e t i c  g a in  (G .G .)  th ro u g h  s e l e c t i o n  f o r  th e

i n d i v i d u a l  c h a r a c t e r  i s  e s t im a t e d  b y  u s in g  th e  f o r m u la .

' G- A G .G . = — - —  x  100 (3 .1 4 )
X ■

3 . 2 .  SELECTION OF CHARACTERS

3 . 2 . 1 .  PRINCIPAL COMPONENT ANALYSIS

In  many o f  t h e  e x p e r im e n ta l  s i t u a t i o n s  o f  m u l t i 

v a r i a t e  d a t a  a n a ly s i s  th e  c h a r a c t e r s  may b e  i n t e r c o r r e la t e d .*  

In  s u ch  s i t u a t i o n s ,  i n  o r d e r  t o  m in im ise  th e  e f f o r t  and 

a l s o  t o  make th e  s t u d y  m ore s y s t e m a t i c ,  i t  I s  a lw ays 

p r o f i t a b l e  t o  c o n c e n t r a t e  on  t h o s e  l i n e a r  c o m b in a t io n s  o f  

t h e  v a r i a b l e s ,  w h ich  a r e  m a in ly  r e s p o n s i b l e  f o r ' t h e  t o t a l  

d i v e r g e n c e .

P r i n c i p a l  com p on en t a n a ly s i s  (PCA) c o n s i s t s  i n  

t r a n s fo r m in g  t h e  o r i g i n a l  s e t  o f  v a r i a b l e s  X  t o  a new s e t  

o f  d e r iv e d  v a r i a b l e s  Z b y  th e  o r t h o g o n a l  t r a n s f o r m a t io n .
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Z = A X w here A I s  th e  P x  P m a tr ix  o f  w e ig h t in g™ v r"**
c o e f f i c i e n t s .  The new v a r i a b l e s  (com p on en ts  o r  f a c t o r s )

ca n  b e  c o n s id e r e d  as p r o v id in g  a d e s c r i p t i o n  o f  th e

• s t r u c t u r e *  o f  t h e  o r i g i n a l  s e t  o f  v a r i a b l e s .

The f i r s t  p r i n c i p a l  com p on en t i s  t h a t  w e ig h t e d  

c o m b in a t io n  o f  th e  s e v e r a l  o r i g i n a l  v a r i a b l e s  w h ich  

a c c o u n ts  f o r  a maximum am ount o f  th e  t o t a l  v a r i a t i o n  o r  

i n d i v i d u a l  d i f f e r e n c e s  r e p r e s e n t e d  i n  th e  c o m p le te  s e t  

o f  o r i g i n a l  v a r i a b l e s . In  G eneral#  th e  r t h  p r i n c i p a l  

com p on en t i s  t h a t  w e ig h te d  c o m b in a t io n  w h ich  o f  a l l  

p o s s i b l e  w e ig h te d  c o m b in a t io n s  in d e p e n d e n t  o f  t h e  f i r s t  

( r - 1 ) a c c o u n t  f o r  a  maximum am ount o f  th e  re m a in in g  

V a r ia t i o n  among th e  o b s e r v a t io n s  o f  t h e  o r i g i n a l  d a t a .

The p r o p e r t i e s  o f  s t a t i s t i c a l  o r t h o g o n a l i t y  and m a x i

m is a t io n  o f  v a r ia n c e  u n iq u e ly  d e f i n e  p r i n c i p a l  c o m p o n e n ts . 

The p r i n c i p a l  com p on en ts  i n d i c a t e  t h e  i n t r i n s i c  r e l a t i o n 

s h ip s  w it h  i n  a s i n g l e  s e t  o f  v a r i a b l e s  and  a r e  h e l p f u l  in  

r e d u c in g  t h e  d im e n s io n a l i t y  o f  th e  s e t  o f  v a r i a b l e s  w it h o u t  

as l i t t l e  l o s s  o f  in fo r m a t io n  as p o s s i b l e .

The v a r ia n c e  a s s o c i a t e d  w ith  a p r i n c i p a l  com p on en t 

i s  th e  c h a r a c t e r i s t i c  r o o t  3X l • ^he com p on en ts  a re  

g e n e r a t e d  i n  d e c r e a s in g  o r d e r  o f  v a r i a n c e .

S u p p ose  X^#  . . . X p  a re  a s e t  o f

random  v a r i a b l e s  o f  any m u l t i v a r ia t e  n o rm a l d i s t r i b u t i o n



.40

w it h  mean v e c t o r  and v a r ia n c e  c o v a r ia n c e  m a tr ix  %  .

The e s t im a t e  o f  ^  w i l l  h e  th e  u s u a l  sam p le  v a r ia n c e — 

c o v a r ia n c e  m a tr ix  S

I f  a11# a2 1  a p i  a r e  w e ig h ts  g iv e n  t o

t h e  v a r i a b l e s  a c c o r d in g  t o  t h e i r  r e l a t i v e  im p o r ta n c e , th e  

f i r s t  p r i n c i p a l  com p on en t i s  d e f in e d  as r

2 1  53 1 -  (3 *15)

The sa m p le  v a r ia n c e  o f  t h e s e  l i n e a r  c o m b in a t io n  Z^ i s  

g iv e n  b y

S -  PS .aiJ si /i i=  V ’S. H  <3*16)
Z 1 1 = 1  j » l  1J —  —

The f i r s t  p r i n c i p a l  com p on en t i s  t h e  v e c t o r  o f

w e ig h t in g  c o e f f i c i e n t s  a l  w h ich  m a x im ises  th e  v a r i a t i o n

s u b je c t e d  t o  th e  r e s t r i c t i o n  t h a t  sum o f  s q u a r e s  o f  a|
■ 2

i s  a  c o n s t a n t .  Say i e  a^ | a^ = 1

i n t r o d u c i n g  L a g r a n g e 's  m u l t i p l i e r ^ ! ,  a new f u n c t i o n  i s  d e 

f i n e d  w h ic h  i s  g iv e n  b e lo w .  •

(p = S2 Z + "X l Q l  -  a 1 'a 1 ) (3 .1 7 )

(3 .1 8 )a a i l § a i  + ^ 1  -  ai * a l }

M a x im is in g  Q w it h  r e s p e c t  t o  a1

=s 2S a l  -  2 i  a7“  ' (3 .1 9 )■rr1 ^  _±



_  . ,  3 ^ = 0  i f  and o n ly  i fF u r th e r  ~ rrx —  “

I §  "  ^ i= 0

E q u a t in g  3 ,1 9  t o  n u l l  v e c t o r

S a 1 = (3 .2 0 )

a ^ 1 S. ® ^  (3 ,2 1 )

a]' S a. = (3 .2 2 )

H ence 'X 1 i s  th e  c h a r a c t e r i s t i c  r o o t  o f  th e  v a r ia n c e -  

c o v a r ia n c e  m a tr ix  S and  a ^  i s  i t s  a s s o c i a t e d  c h a r a c t e r !  

s t i c  v e c t o r *  The c o e f f i c i e n t  v e c t o r  a^ m u st b e  c h o s e n  i n  

s u ch  a  way t h a t ^ l  i s  th e  g r e a t e s t  c h a r a c t e r i s t i c  r o o t .  

Numerous m ethods e x i s t  f o r  th e  c a l c u l a t i o n  o f  p r i n c i p a l  

com p on en ts  fr o m  c o v a r ia n c e  o r  c o r r e l a t i o n  m a t r i c e s .  The 

J a c o b i  m eth od , t h e  t r i d i a g o n a l i z a t i o n  m ethod  and th e  i t e r a 

t i v e  m eth od  a re  som e o f  t h e  f e a s i b l e  a l t e r n a t i v e s  t o  th e  

m a th em a tic  s o l u t i o n  e s p e c i a l l y  w ith  l a r g e  m a t r i c e s .  Of 

t h e s e  m e th o d s , th e  i t e r a t i v e  m ethod  i s  q u i t e  s im p le  and 

s t r a i g h t  f o r w a r d . I f  th e  i t e r a t e d  com p on en ts  e x p la in  th e  

d e s i r e d  p e r c e n t a g e  o f  th e  t o t a l  v a r i a n c e ,  th e  p r o c e s s  ca n  

b e  s t o p p e d .

The s e c o n d  p r i n c i p a l  com p on en t v e c t o r  and th e  

a s s o c i a t e d  v a r ia n c e  a r e  o b t a in e d  in  th e  same way as t h a t  

d e s c r i b e d  f o r  th e  f i r s t  com p on en t*  W ith  ' n 1 .c h a r a c t e r s
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a  maximum o f  'n '  p r i n c i p a l  com p on en t v e c t o r s  a r e  

p o s s i b l e .  Some o f  t h e s e  v a r i a b l e s  w i l l  add o n ly  v e r y  

l i t t l e  in fo r m a t io n  t o  th e  d e s c r i p t i o n  o f  th e  s t r u c t u r e  

and h e n ce  n e e d  n o t  b e  r e t a i n e d .  A s im p le  and  p o p u la r  

m ethod  i s  t o  I g n o r e  th e  c h a r a c t e r i s t i c  v e c t o r s  h a v in g  

c h a r a c t e r i s t i c  r o o t s  l e s s  th a n  some p r e - d e f i n e d  s m a ll  

v a lu e  s a y  ( S ^ l )  A f t e r  th e  s c r e e n in g  p r o c e s s ,  th e  num ber 

o f  ' e f f e c t i v e  c o m p o n e n ts ' w i l l  b e  g r e a t l y  r e d u c e d . 

S i g n i f i c a n c e  t e s t s  a l s o  e x i s t  f o r  d e t e r m in in g  th e  

h o m o g e n ity  o f  th e  c h a r a c t e r i s t i c  r o o t s  and th e  s e l e c t i o n  A 

o f  com p on en ts  may b e  d on e a f t e r  a p p ly in g  s u c h  p r e l im in a r y  

t e s t s  o f  s i g n i f i c a n c e .

The p r i n c i p a l  com p on en ts  p a r t i t i o n  th e  t o t a l  

v a r ia n c e  o f  th e  o r i g i n a l  v a r i a b l e s  i n t o  ' p 1 a d d i t i v e  

c o m p o n e n ts . Prom  th e  g e n e r a l  p r o p e r t i e s  o f  c h a r a c t e r i s t i c  

r o o t s  i t  f o l l o w s  th a t*  '

j A j  ^  S z j = TraCQ §  (3 .2 3 )

t i iThe r e l a t i v e  c o n t r i b u t i o n  o f  th e  j  com p on en t i n  th e  

s y s te m  (E^) i s  m easu red  b y

E -  (3 .2 4 )B  -  -------------------
T ra ce  S

I f  t h e  p r i n c i p a l  com p on en ts  a r e  c a l c u l a t e d  fr o m  th e  c o r r e 

l a t i o n  m a tr ix *  T ra ce  £  i s  e q u a l  t o  th e  t o t a l  num ber o f  

o r i g i n a l  c h a r a c t e r s  ' n ' .  Then th e  p e r c e n t a g e  c o n t r i b u t i o n
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1.V
f  j  p r i n c i p a l  com p on en t i s

E = —  x  1 0 0  (3 .2 4 a )
J n

u s t  as t h e  P r i n c i p a l  com p on en ts  a re  d e f i n e d  as l i n e a r  

o m b in a t io n s  o f  th e  o r i g i n a l  v a r i a b l e s  t h e  o r i g i n a l  v a r i a -  

l e s  Can a l s o  b e  d e f i n e d  i n  term s o f  th e  P r i n c i p a l  com p on en ts .

* 1  “  C1 1 Z 1 + C2 1  Z2 + ......................+ Cp l  Zp (3 ‘ 2 5 )

t h  t hhe c o r r e l a t i o n  b e tw e e n  j  com p on en t and th e  i  v a r i a -

l e  i s  g iv e n  b y

f i j  = 1/2 (3 .2 6 )

h e re  /̂  Var anc^

i s  t h e  com p on en t l o a d in g  o r  f a c t o r  l o a d i n g .  In  c a s e  

r i n c i p a l  com p on en ts  a re  c a l c u l a t e d  fr o m  t h e  c o r r e l a t i o n  

a t r i c e s  = 1 and

f  ( 3 *27)
f i j  "  ^ j 2

r i n c i p a l  com p on en t a n a ly s i s  los in g  i n t e r - c o r r e l a t i o n  

a t r i x  i s  th e  same as F a c t o r  a n a ly s i s  th r o u g h  p r i n c i p a l  

x i s  m eth od . The s c a l i n g  c o e f f i c i e n t  i s  _______ and t h e 1,
i / y , i

e c t o r  o f  f a c t o r  l o a d i n g ^ / ^  ^

The com p on en t l o a d in g s  a r e  m ea su res  o f  th e  r e l a t i v e  

o n t r i b u t i o n s  o f  th e  d i f f e r e n t  v a r i a b l e s  tow a rd s  th e  p a r t i 
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c u l a r  p r i n c i p a l  com p on en t and ca n  b e  u s e d  as m ea su rin g  

r o d s  f o r  th e  c h o i c e  o f  th e  m a jo r  c h a r a c t e r s  f o r  t h e  

c o n s t r u c t i o n  o f  s e l e c t i o n  m o d e ls . X f a v a r i a b l e  has no 

s i g n i f i c a n t  c o r r e l a t i o n  w it h  a  com p on en t th e n  t h a t  

v a r i a b l e  i s  n o t  c o n t r i b u t i n g  much t o  th e  v a r ia n c e  o f  th e  

co m p o n e n t . I f  th e  v a r i a b l e  i s  c o r r e l a t e d  w it h  any o t h e r  

com p on en t th e n  e l im in a t i o n  o f  t h e  v a r i a b l e  i s  n o t  f e a s i b l e .  

K ence s c r e e n in g  o f  th e  v a r ia b le s  has t o  b e  d on e  o n ly  a f t e r  

e x t r a c t i n g  th e  m a jo r  co m p o n e n ts . To p r o v id e  f o r  m e a n in g - 

£ u l  r e p r e s e n t a t i o n  o f  t h e  r e l a t i o n s h i p  among th e  o r i g i n a l  

v a r i a b l e s ,  th e  v a r i a b l e s  w h ic h  do o r  do  n o t  r e l a t e  s u b 

s t a n t i a l l y  t o  e a ch  f a c t o r  s h o u ld  b e  c l e a r l y  d i s t i n g u i s h a 

b l e .  From  th e  s e t  o f  o r i g i n a l  v a r i a b l e s  o n ly  a few  c o u l d  

b e  i d e n t i f i e d  as t h e  m a jo r  c o n t r i b u t o r s  f o r  e a c h  com p on en t, 

i n  s i t u a t i o n s  when o r d in a r y  PCA f a i l  t o  a c h ie v e  t h i s  

o b j e c t i v e  f a c t o r  axes  have t o  b e  r e d e f i n e d  s o  t h a t  th e y  

r e p r e s e n t  th e  o r i g i n a l  v a r i a b l e s  in  a s im p le r  and m ore 

m e a n in g fu l w ay . The p r o c e s s  i s  te rm ed  as n o r m a lis e d  

v a r im a x  r o t a t i o n  o f  p r i n c i p a l  c o m p o n e n ts .

In  th e  p r e s e n t  s tu d y  b o t h  g e n o t y p i c  c o r r e l a t i o n  

m a tr ix  and p h e n o t y p ic  c o r r e l a t i o n  m a t r ix  w ere  u sed  f o r  

th e  e x t r a c t i o n  o f  m a jo r  com p on en ts  th r o u g h  p r i n c i p a l  

com p on en t a n a ly s is  and f a c t o r  l o a d in g s  e x t r a c t e d .
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3 . 2 . 2 .  PAXH-CQEFFICIENT ANALYS IS

P a t h - c o e f f i c i e n t  a n a ly s i s  a t te m p ts  t o  m easu re  th e  

d i r e c t  and i n d i r e c t  i n f l u e n c e s  o f  t h e  d i f f e r e n t  c a s u a l
A

v a r i a b l e s  upon  a r e s p o n s e  v a r i a b l e  ( e f f e c t )  and p e r m its  

th e  s e p a r a t io n  o f  an e m p i r i c a l  r e l a t i o n s h i p  i n t o  a  s e r i e s  

o f  com p on en t p a r t s  w it h  d i r e c t  and i n d i r e c t  l i n k s  b e tw e e n  

th em . The e x p e r im e n te r  p r e s u p p o s e s  a c l o s e d  sy ste m  o f  

v a r i a b l e s  w here e a c h  in d e p e n d e n t  V a r ia b l e  a f f e c t s  t h e  

d e p e n d e n t  v a r i a b l e  th r o u g h  a s e r i e s  o f  P a th s  s o  t h a t  

e a c h  c o r r e l a t i o n  i s  a c o m b in a t io n  o f  t h e s e  p a t h s .

Y ie ld  i s  a c o m p le x  p o ly g e n i c  q u a n t i t a t i v e  c h a r a c t e r ,  

g r e a t l y  a f f e c t e d  b y  e n v ir o n m e n t . H en ce , s e l e c t i o n  o f  

s u p e r i o r  g e n o ty p e s  b a s e d  on y i e l d  as s u c h  i s  n o t  e f f e c t i v e .  

F o r  r a t i o n a l  im provem en t o f  y i e l d ,  m ere i d e n t i f i c a t i o n  o f  

th e  p h e n o t y p i c a l l y  and g e n o t y p i c a l l y  c o r r e l a t e d  v a r i a b l e s  

and th e  e s t im a t e s  o f  p h e n o t y p ic  and g e n o t y p i c  c o r r e l a t i o n  

c o e f f i c i e n t s  o f t e n  f e l t  in a d e q u a te , b e c a u s e  t h e y  d o  n o t  

p r o v id e  d i r e c t  and i n d i r e c t  i n f l u e n c e s  o f  e a c h  o f  th e  , 

com p on en t c h a r a c t e r s  to w a rd s  t h e  e f f e c t .

In  t h e  c a s e  o f  t u r m e r ic  rh iso m e  y i e l d  ca n  be c o n 

s i d e r e d  as th e  e f f e c t  f a c t o r  on a c l o s e d  s y s te m  o f  

"C ause and e f f e c t  r e l a t i o n s h i p " ,  th e  c a u s a l  v a r i a b l e s  

b e in g  t h e  y i e l d  c o n t r i b u t i n g  and m o r p h o lo g ic a l  c h a r a c t e r s .
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L e t  t h e  r e s p o n s e  v a r i a b l e  Y b e  a l i n e a r  f u n c t i o n  

o f  th e  c a s u a l  f a c t o r s .

Y = “ £  b . x ,  + R (3 .2 8 )
,i = i  1  1

Where R i s  t h e  r e s i d u a l  f a c t o r s .

C o r r e la t i o n  b e tw een  c a s u a l  v a r i a b l e  and t h e  e f f e c t  

f a c t o r  ( y i e l d )  Y i s  g iv e n  b y

_  CoV tx j /_______________  (3 .2 9 )
r i Y “  (S .D . o f  x ± ) ( S .D .o f  Y)

= CoV (x ^ , + b 2x 2 *  ****  + + b nx n +' 2 A 2

(S .D . O f  x ± ) (S .D . O f  Y)

i  i i  6T  +  b 2  r i 2  . . . +  b ± ^3 L +

+ b  r . 0 Xn
• n i n  f ? "

°  P1 Y r j i  + P2Y r i 2  + + PjY  + *••• + PnY r j n

Where P^Y = b^ t h e  p a th  c o e f f i c i e n t  o f  x^ t o  Y

n
-  (3 .3 0 )r iY  "  iY  + jY  i j

d e n o t e s  th e  d i r e c t  e f f e c t  o f  x^ on  Y and P^.y r ^ j  

d e n o te s  t h e  i n d i r e c t  e f f e c t  o f  x^ th r o u g h  x^ on  Y .

F o r  th e  e s t im a t io n  o f  P a th  c o e f f i c i e n t s  t h e  

f o l l o w i n g  s im u lta n e o u s  e q u a t io n s  w i l l  b e  s e t  u p .

o « •
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r lY  ”  P1Y + r 12P2Y+ ............. * * ' + r ln PnY

r 2Y = r 21 P1Y + P2Y  ................. *+ r 2nPnY

r nY "  r n l p lY  + r n2p 2Y + +PnY

I n  m a t r ix  fo rm  

A = B C Where A i s  n X l v e c t o r  o f  c o r r e l a t i o n s  o f  

in d e p e n d e n t  v a r i a b l e s  w it h  Y# B i s  th e  n^n m a t r ix  o f

i n t e r  c o r r e l a t i o n | o o e f f i c i e n t s  and C i s  th e  rvc/. v e c t o r

o f  P a th  c o e f f i c i e n t s i

P a th  c o e f f i c i e n t s  c o u l d  h e  o b t a in e d  as 

S -  a_ i  (3«3i)

The r e s i d u a l  e f f e c t  (h ) i s  e s t im a t e d  as f o l l o w s :

From 3 .2 8  Y = b ^  + b ^ * ................... +bnalYi *  R

' T  = b i  + 2  i f j  r i j b i b j  b X ± G 'x J  +  <r~ R  (3 ‘ 32)

n 2  2
1 = ^  b  . <3 Y C "v “  v

i - 1  1  * i  + 2  $ r JJ b . b . *
i - j  J' J * J

 2
+ G~'r~' (3 .3 3 )r\£.

^ r

 ̂ ~ ^  PiY^ 4-  ̂ ** P P i- i ^i = l  x “ i j  iY  jY  Ĉ R
. Cj y  ^

 2

l = %  r 1 1 pi Y p JY +i = l  j = l  iJ  iX  JX cr-^2

. “ 2  = i -  ^  n̂ 1 a j  p i y  p j y  l3 - 3 4 >
2 ^ — 2

Where h =  R i s  th e  p r o p o r t io n a l  r e s id u a l  v a r ia n c e .
C T y 2

R e s id u a l  e f f e c t  h i s  d e f i n e d  as



48

i 1 -  %  %  r ,  , P . v  P , v  ) V2
i = l  j = l i j  iY  r j Y  '  (3 ,3 5 )

R e s id u a l  e f f e c t  c a n  a l s o  b e  e s t im a te d  b y  c o n s id e r in g  

t h e  c o r r e l a t i o n  o f  Y w it h  Y i t s e l f .

^ v y  = ^ i ^ i y  — - — t  b 2 r 2Y ^ 2  + • •. e «
“ ^  CT _

+ b nr nY -  + h 2 . (3 .3 6 )

I "  ^ i ^ j Y  + h w h ere  h  =  ~ 5 - f T

h =  d '  k P i Y r i { ]  1/2 ( 3 - 37>

In  many o f  th e  e x p e r im e n t a l  s i t u a t i o n s  th e  

num ber o f  c h a r a c t e r s  may b e  v e r y  l a r g e .  In  s u ch  s i t u a t i o n s ,  

a l l  o f  them  n e e d  n o t  b e  in c lu d e d  t o  s t u d y  th e  d i r e c t  and 

i n d i r e c t  l in k s  on  th e  y i e l d .  N o rm a lly  a  s u b s e t  o f  v a r i a 

b l e s  i s  s e l e c t e d  fro m  th e  t o t a l  num ber o f  v a r i a b l e s  b a s e d  

on  a p r e l im in a r y  c o r r e l a t i o n  a n a l y s i s .  O nly t h o s e  v a r i a b l e s  

w h ich  have s i g n i f i c a n t  c o r r e l a t i o n s  w it h  y i e l d  a lo n e  a re  

in c lu d e d  t o  s tu d y  t h e i r  d i r e c t  and i n d i r e c t  e f f e c t s  on  

y i e l d .
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3 . 3 .  SELECTION INDEX

3 , 3 . 1 .  PHENOTYPIC INDEX

A p h e n o t y p ic  in d e x  p r e d i c t s  th e  e x p e c t e d  v a lu e  

o f  th e  t r a i t  w it h  th e  h e lp  o f  a u x i l i a r y  t r a i t s .

B a s ic a l ly #  t h e  s t a t i s t i c a l  p r i n c i p l e  o f  c o n s 

t r u c t i n g  P h e n o ty p ic  s e l e c t i o n  i n d i c e s  i s  t h e  same as t h a t  

o f  f i t t i n g  o f  a m u l t ip l e  r e g r e s s i o n  e q u a t io n  f o r  p r e d i c t i n g  

th e  v a lu e s  o f  a d e p e n d e n t  v a r i a b l e  fr o m  known v a lu e s  o f  

tw o o r  m ore in d e p e n d e n t  v a r i a b l e s .  The y i e l d  o f  any 

a g r i c u l t u r a l  c r o p  ca n  b e  assum ed t o  b e  a l i n e a r  f u n c t i o n  

o f  t h e  e f f e c t s  o f  a num ber o f  in d e p e n d e n t  c h a r a c t e r s .

F o r  t h i s  r e a s o n  th e  r e g r e s s i o n  a n a ly s i s  f i n d  w id e  a p p l i c a 

t i o n s  i n  th e  a n a ly s i s  o f  e x p e r im e n t .

I f  X^/ X2  Xp a re  t h e  P e x p la n a t o r y  v a r i a b l e

and Y i s  t h e  r e s p o n s e  v a r i a b l e .  M u l t ip le  r e g r e s s i o n  e q u a 

t i o n  i s  b a s e d  on  a f u n c t i o n a l  r e l a t i o n s h i p  o f  th e  fo r m

Y = o c +  B. X, + E (3 .3 8 )
■ i = l  x

w h e r e , th e  e r r o r  com p on en ts  a re  assum ed t o  b e  in d e p e n d e n t ly  

and n o r m a lly  d i s t r i b u t e d  w it h  v a r ia n c e  I .  The p a r a m e te rs  

o f  t h e  f i t t e d  e q u a t io n s  a r e  e s t im a te d  b y  a p p ly in g  th e

o r d in a r y  p r i n c i p l e  o f  l e a s t  s q u a r e s .  I f  a# b ^ , b 2  bp

a re  t h e  e s t im a te s  o f  . . . . . .  Bp th e n
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.p
a c3 y  — b iX i  ( 3 .3 9 )

* i = l

b  «  S " 1^  (3 .4 0 )  .

Where S I s  th e  P x  P m a tr ix  o f  sum o f  p r o d u c t s  o f  t r a i t s

and 2  i s  P x  1 v e c t o r  o f  sum o f  p r o d u c t s  o f  X i  t o  y
2C o e f f i c i e n t  o f  d e t e r m in a t io n  (R ) i s  g iv e n  b y  

R2  =« ^ b i  Sj
 -------------------------------------------------------------------------------(3 .4 1 )S .S .  y

Where S^y i s  t h e  sam ple  c o v a r ia n c e  o f  th e  i  e x p la n a t o r y

v a r i a b l e  w it h  th e  d e p e n d e n t  v a r i a b l e  Y and S . S . y  i s  th e
o

t o t a l  sum o f  sq u a re  o f  Y . R i s  a m easu re  o f  t h e  p e r c e n t a g e

v a r i a t i o n  i n  th e  d e p e n d e n t  v a r i a b l e  e x p l a in e d  b y  th e

in d e p e n d e n t  v a r i a b l e s  o f  t h e  f i t t e d  e q u a t io n .

o
The s i g n i f i c a n c e  o f  R i s  t e s t e d  u s in g  t h e  v a r ia n c e

r a t i o  t e s t e d  g iv e n  b y  .
„  R2 .. n - p - 1  ( 3 .4 2 )F = ------ rr~ X —  -----

1 -R  n_P
The a d e q u a cy  o f  a r e s t r i c t e d  s im p le r  m odel o v e r  a  f u l l

m odel w ith  l a r g e  o f  num ber o f  v a r i a b l e s  i s  t e s t e d  u s in g  t h e

*F 1 t e s t  as i n d i c a t e d  b e lo w .

R2f  -  R2r  d f

F "  1 -  R2fi X ( 3 ' 4 3 )

Where R^ i s  th e  c o e f f i c i e n t  o f  d e t e r m in a t io n  o f  th e  f u l l  
2

m o d e l, i s  th e  c o e f f i c i e n t  o f  d e t e r m in a t io n  o f  th e  r e s t r i c t e d
' ■ 2

m o d e l, df  i s  th e  d e g r e e s  o f  fr e e d o m  o f  Rf  and dr  i s  th e
. 2

d e g r e e  o f  fr e e d o m  a s s o c i a t e d  w ith  R^.. A n o n - s i g n i f i c a n t  'F*



t e s t  im p l ie s  t h a t  th e  r e s t r i c t e d ,  m odel i s  as e f f i c i e n t  

as th e  f u l l  m od e l i n  d e s c r i b i n g  th e  p r o p o s e d  r e l a t i o n s h i p  

a p a r t  fro m  ch a n ce  v a r i a t i o n .

In  th e  p r e s e n t  s t u d y ,  a s u b s e t  o f  v a r i a b l e s  a lo n e  

w ere  r e t a in e d  t o  b u i l d  up d i f f e r e n t  p r e d i c t i o n  e q u a t io n s  

b a s in g  upon  th e  p h e n o t y p ic  p e r fo rm a n ce  o f  th e ' t r a i t s .

As a f u r t h e r  s t e p  a t te m p ts  w ere  made t o  I d e n t i f y  t h e  

b e s t  c r i t e r i o n  f o r  th e  s e l e c t i o n  o f  c h a r a c t e r s  f o r  b u i l d i n g  

up o f  t h e  p h e n o t y p ic  s e l e c t i o n  m od e ls*  The r e l a t i v e  e f f i 

c i e n c i e s  o f  th e  f o l l o w i n g  s i x  c r i t e r i a  o f  s e l e c t i o n  w ere  

e v a lu a t e d . ■

1 .  S e l e c t i o n  b a s e d  on  t h e  r e l a t i v e  m a g n itu d es  o f  th e  ■ 

h e r i t a b i l i t y  c o e f f i c i e n t s . ■

2 . S e l e c t i o n  b a s e d  on  th e  r e l a t i v e  m a g n itu d es  o f  th e  

g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t s  w it h  y i e l d .

3 .  S e l e c t i o n  b a s e d  on th e  r e l a t i v e  m a g n itu d e s  o f  th e  

p h n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t s  w it h  y i e l d .

, 4 . S e l e c t i o n  b a s e d  on  th e  p r o d u c t  o f  h e r i t a b i l i t y  and 

g e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  w it h  y i e l d .

5 .  S e l e c t i o n  b a s e d  o n  th e  p r o d u c t  o f  h e r i t a b i l i t y  and 

p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  w it h  y i e l d .

6 ,  S e l e c t i o n  b a s e d  on  th e  r e l a t i v e  g e n e t i c  g a in  o f  th e  

c h a r a c t e r s • ,
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A f i x e d  num ber o f  im p o r ta n t  c h a r a c t e r s  was i d e n t i f i e d  

b a 3 e d  on  th e  a b ove  c r i t e r i o n .  The c h a r a c t e r  w h ich  p r o d u c e d  

maximum a b s o lu t e  v a lu e  was th e  f i r s t  t o  b e  in d u c t e d  and i t s  

c o n t r i b u t i o n  to w a rd s  t h e  t o t a l  d iv e r g e n c e  m easu red  i n  term s 

o f  th e  c o e f f i c i e n t  o f  v a r i a t i o n .  O th e r  c h a r a c t e r s  w ere  a l s o  

ad d ed  i n  t h e  m odel on e  a f t e r  th e  o t h e r  d e p e n d in g  u pon  t h e i r  

ra n k  o r d e r  t i l l  t h e  i n c l u s i o n  o f  a c h a r a c t e r  made n o  s i g n i 

f i c a n t  im provem en t in  t h e  p r e d i c t i b i l i t y  o f  th e  m o d e l.

The m ost e f f e c t i v e  c r i t e r i o n  f o r  t h e  c h o i c e  o f  

c h a r a c t e r s  w ou ld  b e  t h e  o n e  f o r  w h ich  th e  p h e n o t y p ic  s e l e -
4 •

c t i o n  m od e l e x p la in e d  maximum am ount o f  v a r i a t i o n  w it h  th e  

h e lp  o f  t h e  l e a s t  num ber o f  v a r i a b l e s .

3 . 3 . 2 .  GENOTYPIC SELECTION INDEX

I t  was S m ith  (1 9 3 6 ) who f i r s t  a p p l i e d  th e  t h e o r y  o f  

d i s c r im in a n t  f u n c t i o n  t o  d e v e lo p  i n d i c e s  f o r  p l a n t  s e l e c t i o n i  

The m eth od  o f  a p p ro a ch  s u g g e s t e d  i s  th e  u s e  o f  a d i s c r i 

m in a n t f u n c t i o n  t h a t  w i l l  b e s t  i n d i c a t e  t h e  g e n o t y p i c  v a lu e  

o f  a p l a n t .  The p r o b le m  i s  t o  c o n s t r u c t  an I n d e x  b a s e d  on  

th e  p h e n o t y p ic  v a lu e s  w h ic h  w i l l  b e  u s e d  as a b a s i s  f o r  

s e l e c t i n g  o u t  i n d i v i d u a l s  w it h  p r e f e r r e d  g e n e t i c  w o r t h . 

S m it h 's  m eth od  o f  a r r i v i n g  a t  th e  d i s c r im in a n t  f u n c t i o n  I s  

b a s e d  on  m a x im is a t io n  o f  th e  c o r r e l a t i o n  b e tw e e n  g e n e t i c  

w o r th  and p h e n o t y p ic  p e r fo r m a n c e  o f  v a r io u s  c h a r a c t e r s .
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S m ith  h as d e f i n e d  th e  g e n e t i c  w orth  a s ,

H = ^  a l ® i  o r  H . = G* a (3 .4 4 )
i = l

Where a^ i s  th e  r e l a t i v e  e c o n o m ic  w e ig h t  and G^ i s  t h e  

g e n o t y p ic  v a lu e  o f  th e  i  c h a r a c t e r  s i n c e  G ^ 's  a re  unknown* 

I t  c a n n o t  b e  b a s e d  as a c r i t e r i o n  f o r  s e l e c t i o n .  So 

s e l e c t i o n  i s  t o  b e  b a s e d  upon a n o th e r  f u n c t i o n  o f  th e  

o b s e r v e d  v a lu e s  o f  th e  v a r io u s  c h a r a c t e r s .  T h is  p h e n o t y p ic  

f u n c t i o n  ( I )  ca n  b e  a s s u m e d .to  have t h e  f o l l o w i n g  l i n e a r  

fr o m  .
n ' j .

I  = b i  X. o r  I  = X b  ,(3 .4 5 )
i = l  1  -  “

b . , b „  b  a r e  t o  b e  e s t im a t e d  su c h  t h a t  th e  c o r r e l a -X 4  n ,
t i o n  b e tw e e n  H and X ^e  r ( j j x ) # b ecom es maximum* Now t h e  

v a r ia n c e s  o f  th e  i n d i c e s  a re  e s t im a t e d  as

« 4  °  b lp b  (3 .4 6 )*L . •

Where P i s  th e  p h e n o t y p ic  v a r i a n c e - c o v a r i a n c e  m a tr ix  and
G 2 1 1H = a G a Where G i s  th e  g e n o t y p ic  V a r ia n c e - c o v a r ia n c e

m a t r ix .  The c o v a r ia n c e  b e tw e e n  H and X i s  e s t im a t e d  as

= b ^ a  . (3 .4 7 )

The v e c t o r  o f  c o e f f i c i e n t s  b  s i s  t o  b e  c o n s t r u c t e d  i n  su ch  

a way t h a t  c o r r e l a t i o n  b e tw e e n  H and I  s h o u ld  be maximum.



M a x im is in g  l o g  r ( H I) i s  e q u iv a l e n t  t o  m a x im is in g  r

l o g  ^ ( H I) = 1 ° 9  a -  2/ 2  l o g  b^P b  -V 2

l o g  a^G 3  . (3 .4 9 )

D i f f e r e n t i a t i n g  l o g  w it h  r e s p e c t  b  and e q u a t in g

t o  z e r o  we g e t .

° l o g  r Chi) -  _  l  S i  ( 3 .5 0 )
3 b  b l G a 2  b 1?  b

e q u a t in g  t o  z e r o

^  ~  -  = P b  (3 .5 1 )
bSG a  ^  “

b l p b  ' '
The s c a l a r  — £? — ca n  b e  d ro p p e d  v i t h o u t  a f f e c t i n g  th e

b 1^  a
I

p r o p o r t i o n a l i t y  o f  b^ s .  T h e r e fo r e

p  b  *= G a

b  = P_1 G a . ( 3 .5 2 )  ’
“  r-A1 rJ —

-  _ 1
VJhen b  a r i s e s  fro m  b  ® P G a t h e  f o l l o w i n g  e q u a l i t i e s  

e x i s t .
b pjj a  g j" (3 .5 3 )



The e x p e c t e d  g e n e t i c  a d va n ce  th r o u g h  in d e x  s e l e c t i o n  (G .A^) ca n  

b e  c a l c u l a t e d  b y  u s in g  th e  fo r m u la  s u g g e s t e d  b y  R o b in s o n  e t  a l . (1951 )

GiAi „ K b-l 911  (3.56)
c / ^ . 'Z .  b ± b j  Pi j . 

w h ere  K i s  t h e  i n t e n s i t y  o f  s e l e c t i o n  a t  t h e  d e s i r e d  l e v e l .

The e x p e c t e d  g e n e t i c  a d va n ce  th r o u g h  s t r a i g h t  s e l e c t i o n  (G.A^) 

i s  g iv e n  b y

' _  K £ l a i  a 1 g i i  (3 .5 7 )
G * As “  ---------------- -------------------------

aj  p ± j

In  c a s e  rh izo m e  y i e l d  (y ) a lo n e  was c o n s id e r e d  f o r  

s t r a i g h t  s e l e c t i o n ,  t h e  e x p e c t e d  g e n e t i c  a d v a n ce  th r o u g h  s t r a i g h t  

s e l e c t i o n  f o r  th e  c h a r a c t e r  ca n  b e  c a l c u l a t e d  b y  t h e  m ethod

s u g g e s t e d  b y  Rao (1 9 5 2 ) .  The r e l e v a n t  fo r m u la  i n  t h e  c o n t e x t  i s
2

g .a _  =  K a
S

2 aw h ere  and  a re  g e n o t y p i c  and p h e n o t y p ic  v a r ia n c e s  o f
g Pyy y

t h e  c h a r a c t e r  (y )
The p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  (R .E ) o f  in d e x  s e l e c t i o n  i s  

g iv e n  b y
G .A - . .

R .E . =------------ --------- x  100 (3 .5 8 )
G .A

A f t e r  c o n s t r u c t i n g  t h e  s e l e c t i o n  i n d i c e s  t h e  v a r i e t i e s  a re  
e v a lu a t e d  on  th e  b a s i s  o f  t h e i r  in d e x  s c o r e s  
The in d e x  s c o r e  f o r  th e  v a r i e t y  i s  g iv e n  b y

V . -  J  x  b  < 3 ,5 9 )
i = l  t h

w h ere  i s  t h e  mean o f  t h e  o b s e r v a t io n s  c o r r e s p o n d in g  t o  t h e  i
c h a r a c t e r  o f  t h e  j t h  v a r i e t y .  The v a r i e t i e s  a r e

X  (3 *57a)
? 2
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th e n  ra n g e d  a c c o r d in g  t o  th e  in d e x  s c o r e s  and th e  b e s t  W * 

may b e  r e t a i n e d  f o r  f u r t h e r  p r o p a g a t io n  w h ere& is  a  p r e 

a s s ig n e d  s m a l l  q u a n t i t y .

I n  o r d e r  t o  f i n d  o u t  th e  b e s t  sy s te m  o f  w e ig h t in g  f o r  

c o n s t r u c t i n g  th e  e f f i c i e n t  s e l e c t i o n  m odel# when p r o p e r  

e c o n o m ic  w e ig h t  o f  t h e  c h a r a c t e r s  a re  unknown# s e l e c t i o n  

i n d i c e s  may b e  e v a lu a t e d  on  d i f f e r e n t  c r i t e r i a  su ch  as

(1 ) E q u a l e c o n o m ic  w e ig h ts  t o  a l l  c h a r a c t e r s .

(2 ) W eigh ts  p r o p o r t i o n a l  t o  th e  h e r i t a b i l i t y  e s t im a t e s

(3) W eigh ts  p r o p o r t i o n a l  t o  g e n o t y p i c  c o r r e l a t i o n s  w it h  
y i e l d .

(4 ) W eig h ts  p r o p o r t i o n a l  t o  p h e n o t y p ic  c o r r e l a t i o n s  w ith  
y i e l d .

(5 ) W eig h ts  p r o p o r t i o n a l  t o  p r o d u c t  o f  h e r i t a b i l i t y
. e s t im a t e s  and g e n o t y p i c  c o r r e l a t i o n s  w it h  y i e l d .

(6 ) W e ig h ts  p r o p o r t i o n a l  t o  p r o d u c t  o f  h e r i t a b i l i t y  ■ 
e s t im a t e s  and p h e n o t y p ic  c o r r e l a t i o n s  w ith  y i e l d .

The b e s t  s y s te m  o f  w e ig h t in g  i s  s e l e c t e d  a c c o r d in g  t o  t h e

r e l a t i v e  m a g n itu d es  o f  th e  e x p e c t e d  g e n e t i c  a d va n ce  I n  e a ch

o f  t h e  a b ov e  sy stem s*



3 . 3 . 3 .  RESTRICTED SELECTION INDEX

The u se  o f  a s e l e c t i o n  in d e x  may som etim es  a d v e r s e ly  

a f f e c t  t h e  t r a n s m is s io n  o f  c e r t a i n  com p on en t t r a i t s .  T h is  

s i t u a t i o n  u s u a l l y  o c c u r s  when th e  d i r e c t  e f f e c t s  o f  th e  

t r a i t s  a re  h ig h  and n e g a t i v e .  In  su ch  s i t u a t i o n s  th e  

b r e e d e r  i s  i n t e r e s t e d  i n  t h a t  s e l e c t i o n  in d ex #  w h ich  i n  

a d d i t i o n  t o  r e s u l t i n g  i n  maximum p o s s i b l e  in c r e a s e  I n  th e  

a g g r e g a t e  g e n o t y p i c  e c o n o m ic  v a lu e s #  e n s u r e s  c o n s t a n t  mean 

p e r fo r m a n c e  i n  some o f  th e  d e s i r e d  com p on en t t r a i t s .

T h is  i s  th e  o b j e c t i v e  in  c o n s t r u c t i n g  r e s t r i c t e d  s e l e c t i o n  

i n d i c e s  as s u g g e s t e d  b y  K em p th om e and N o rd sk o g  (1959 ) •

S u p p ose  . Q b r e e d e r  w is h e s  t o  m a xim ise  t h e  a g g r e g a te

g e n o t y p i c  e c o n o m ic  v a lu e s  H = SjG., b a s e d  on  'n 1
■ i = i  1  1

c h a r a c t e r s #  s u b j e c t  t o  th e  c o n s t r a i n t  t h a t  t h e  g e n o t y p ic  

v a lu e s  f o r  ' r '  ( -^n) c h a r a c t e r s  do n o t  ch a n g e  i e .  Ĝ _ =

a  f i x e d  q u a n t i t y  f o r  K = 1 # 2 # ...........................  In  t h e  f o r e g o i n g

fo r m u la t io n  a^s as b e f o r e  a re  known e c o n o m ic  w e ig h t s .

L e t  th e  l i n e a r  f u n c t i o n  o f  th e  p h e n o t y p ic  v a lu e  b e  

g iv e n  b y  I  = ^ b l  P i .  The p a r a m e te rs  a re  e s t im a te d  in  

su ch  way t h a t  t s  maximum s u b j e c t  t o  t h e  c o n d i t i o n

t h a t  I  and (K - l# 2 # ...................... r )  a re  u n c o r r e l a t e d .
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i e  CoV ( I ,  Gk ) = 0 , f o r  k «  1 /2 *  . . * • r  

From 3 .4 8

C (H, I )
s b  G a ^ / 7 (a XG a ) (b^P b )

i f  Ĉ 1 5= (1 / 0 , 0

' \
.... . . 0 )

Cz1 = (0 / 1 / 0 . .a)

ES ■tO*O

o . . . . . . 1 )

th e n

CoV (I»G k ) 1= b^G ^

H
^

i
ii G U , k  = 1 / 2 ,

M a x im is in g  r (H I) s u b j e c t  t o t h e  c o n d i t i o n

CoV (I, G. )is. a 0 ,  k =» 1 / 2 ,

T h is  i s  e q u i v a l e n t  t o  t h e  m a x im is a t io n  o f  th e  q u a n t i t y

(b G a J r  a v—  j  - 2 £ > i ^ 8 b )  (3.60)
(a  j a )  ( b i p b )  k = 1  J S ~  ~

w ith  r e g a r d  t o  b  w here ^X^'s a re  L agra n g e  m u l t i p l i e r s .

T h is  th e n  w i l l  l e a d  t o  th e  s o l u t i o n  s a t  b  as g iv e n  b e lo w , 

b  a* Cl -  P 1^ C (CT’G P 1 ;G  C1 ) C^G) P1^  a (3 .6 1 )

Where I  i s  th e , i d e n t i t y  m a tr ix  o f  o r d e r  n and c  (C^ C2 , , c r ) 

i s  a m a t r ix  o f  o r d e r  n x  r , -



R e s t r i c t e d  s e l e c t i o n  ca n  be a p p l i e d  o n ly  a f t e r  

a n a ly s in g  th e  b e h a v io u r  o f  in d e p e n d e n t  c h a r a c t e r s  u n d er  

s t u d y .  When t h e  t o t a l  c o r r e l a t i o n  and d i r e c t  e f f e c t  a re  

o f  th e  same s i g n  and- a re  n e a r ly  e q u a l  m a g n itu d e  th e n  

i n d i v i d u a l  s e l e c t i o n  i s  b e n e f i c i a l  when t h e  t o t a l  c o r r e l a 

t i o n  I s  p o s i t i v e  and d i r e c t  e f f e c t  i s  n e g a t iv e  th en  

s im u lta n e o u s  s e l e c t i o n  w it h o u t  any r e s t r i c t i o n  s h a l l  b e  

p r a c t i s e d .  When t o t a l  c o r r e l a t i o n  i s  n e g a t iv e  and d i r e c t  

e f f e c t  i s  p o s i t i v e  th e n  s im u lta n e o u s  s e l e c t i o n  w ith  

r e s t r i c t i o n  on  th e  n e g a t i v e l y  c o n t r i b u t e d  c h a r a c t e r s  

has t o  be  e m p lo y e d . ,
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4 .  RESULTS

The r e s u l t s  o b t a in e d  b y  th e  a n a ly s i s  o f  th e  d a ta  

a re  p r e s e n t e d  in  th e  t a b l e s  and d ia gra m  a p p en d ed  in  t h i s  

s e c t i o n .

O b s e r v a t io n s  w ere  made on  e ig h t e e n  c h a r a c t e r s  in  

n in e t e e n  v a r i e t i e s *  o f  t u r m e r i c .  The c h a r a c t e r s  s t u d ie d  

and sy m b o ls  u s e d  w are  as f o l l o w s  :

■ C h a r a c te r

1 .  L en g th  o f  s e c o n d a r y  f i n g e r  (cm)

2 .  G ir th  o f  s e c o n d a r y  f i n g e r  a t  m id d le  (cm)

3 .  Number o f  n od es  p e r  s e c o n d a r y  f i n g e r

4 .  I n t e r n o d a l  d i s t a n c e  o f  s e c o n d a r y  f i n g e r
(cm)

5* L en g th  o f  m oth er rh izo m e  (cm)

6 .  Number o f  n o d e s  p e r  m oth er  rh izom e

7 .  I n t e r n o d a l  d i s t a n c e  o f  m o th e r  rh izo m e (cm )

8 .  G ir th  o f  m o th e r  rh iz o m e  a t  C en tra (cm )

9 .  Number o f  n od es  p e r  p r im a r y  f i n g e r  

10 L en g th  o f  p r im a ry  f i n g e r  (cm) .

12 G ir th  o f  p r im a r y  f i n g e r  a t  c e n t r e  (cm)

13 L en g th  o f  l a s t  f u l l y  o p e n e d  l e a f  (cm)

Sym bol

X 1

X2

*3

X4

X5

X 6

*7

X8

*9  
X10

11 I n t e r n o d a l  d i s t a n c e  o f  p r im a r y  f i n g e r  (cm) X
1 1

X1 2

X13



1 4 . B re a d th  o f  l e a f  a t  c e n t r e  (cm) X14
1 5 . P e t i o l e  le n g t h  (cm) X15

1 6 . H e ig h t  o f  th e  p la n t  (cm) X16

1 7 . Number o f  le a v e s  p e r  t i l l e r X17
1 8 . Y i e l d  o f  raw  rh izom e  p e r  b e d  ( k g / p l o t ) Y

4 .1 '.  GENETIC PARAMETERS

From  th e  a n a ly s i s  o f  v a r ia n c e  b o t h  p h e n o t y p ic  

and g e n o t y p i c  c o e f f i c i e n t s  o f  v a r i a t i o n  vrere e s t im a t e d  

f o r  a l l  th e  e ig h t e e n  c h a r a c t e r s  i n c l u d i n g  t h e  y i e l d  o f  

t u r m e r ic  and a re  p r e s e n t e d  in  t a b l e  1 .  P h e n o ty p ic  c o 

e f f i c i e n t  o f  v a r i a t i o n  ( P .C .V . ) ra n g e d  fro m  8 .3 6  p e r  c a n t  

f o r  b r e a d t h  o f  l e a f  a t  c e n t r e  t o  5 6 .4 2  p e r  c e n t  f o r  y i e l d  

o f  raw rh iz o m e  p e r  b e d .  G e n o ty p ic  c o e f f i c i e n t  o f  v a r i a 

t i o n  (G .C .V .) ra n g e d  fr o m  3 .5 8  p e r  c e n t  f o r  num ber o f  

n od es  p e r  m oth er  rh izo m e  t o  4 2 .2 9  p e r  c e n t  f o r  y i e l d  o f  

raw  rh iz o m e  p e r  b e d .

In  a l l  c a s e s . g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n

was fo u n d  t o  b e  lo w e r  th a n  th e  c o r r e s p o n d in g  p h e n o t y p ic

c o e f f i c i e n t  o f  v a r i a t i o n .  T h is  in d i c a t e d ,  t h a t  t h e r e  had

b e e n  p r o fo u n d  i n f l u e n c e  o f  th e  e n v iro n m e n t  on th e  t e s t e d

g e n o t y p e s .  A h ig h  g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  i s
0

an i n d i c a t i o n  o f  th e  f i x a b l e  am ount o f  v a r i a b i l i t y  t h a t  

i s  p r e s e n t e d  among the c u l t i v a r s  w h ich  ca n  b e  u s e d  w ith  

a d v a n ta g e  i n  f u t u r e  p la n t  im provem en t p rogram m es•



T a b le  1 .  E s t im a te s  o f  p h e n o t y p ic  c o e f f i c i e n t  o f  v a r i a t i o n  ( P .C .V . ) ,  2
G e n o t y p ic  C o e f f i c i e n t  o f  v a r i a t i o n  ( G .C .V . ) ,  f i e r i  t a b i l i t y  i n  t h e  b r o a d  s e n s e  (h  ) 
G e n e t i c  a d v a n ce  (G .A .) and G e n e t i c  G a in  (G .G .)  u n d e r  556 i n t e n s i t y  o f  
s e l e c t i o n  f o r  th e  e ig h t e e n  v a r i a b l e s  i n  t u r m e r i c .

C h a ra cte r®  P .C .V .  G .C .V . h2  G .a .  G .g U )

1 .  L en g th  o f  s e c o n d a r y  f i n g e r  2 1 .5 4
2 .  G ir t h  o f  s e c o n d a r y  f i n g e r  a t  c e n t r e  1 1 .5 1
3* Lum ber o f  n o d e s  p e r  s e c o n d a r y  f i n g e r  1 8 . Q9
4 .  I n t e r n o d a l  d i s t a n c e  o f  s e c o n d a r y  ) 1 2 .7 5

f i n g e r  )
5 .  L en g th  o f  m oth er rh is o m a  1 3 .8 4
6 .  num ber o f  n o d e s  p e r  m o th e r  r h iz o m e  1 1 .0 4
7 .  I n t e r n o d a l  d i s t a n c e  o f  m o th e r  r h iz o m e  1 2 .1 5
8 .  G i r t h  o f  m oth er  r h is o m o  a t  c e n t r e  1 3 .6 1
9 .  Humber o f  n o d e s  p a r  p r im a r y  f i n g e r  1 0 .2 3
10 L en g th  o f  p r im a r y  f i n g e r  1 5 .6 7
1 1  I n t e r n o d a l  d i s t a n c e  o f  p r im a r y  f i n g e r  1 1 .6 5
12 G i r t h  o f  p r im a r y  f i n g e r 'a t  c e n t r e  1 3 .5 2
13 L e n g th  o f  l a s t  f u l l y  o p e n e d  l e a f  1 0 .6 6
14 B re a d th  o f  l e a f  a t  c e n t r e  8 .3 6
15 P e t i o l e  le n g t h  1 9 .0 3
16 H e ig h t  o f  th e  p l a n t  2 0 *61
17 Lum ber o f  l e a v e s  p e r  t i l l e r  1 4 .0 3
18  Y i e l d  o f  raw r h is o m o  p e r  b e d  - 5 8 .4 2

1 5 .0 9 0 .4 9 0 8 1 .3 6 5 3 2 1 .7 8
7 .9 2 0 .4 7 3 7 0 .7 2 4 1 1 1 .2 3

1 4 .9 7 0 .6 2 7 7  >: 1 .6 5 1 4 2 4 .4 3
7 .0 3 0 .3 0 3 9 0 .0 7 3 7 7 .9 8

1 0 .1 3 0 .5 3 6 6 1 * 6 6 8 6 1 5 .3 0
3 .5 8 0 .1 0 5 4 0 .3 2 8 7 2^40
3 .9 9 0 .1 0 7 6 0 .0 2 1 4 2 .6 9

1 1 .5 0 0 .7 1 4 8 3 .0 2 4 3 2 0 .0 3
7 .0 4 0 .4 7 4 1 1 .0 3 9 7 9 .9 9

1 1 .8 4 0 .5 7 0 0 1 .9 1 4 0 1 3 .4 1
8 . 6 8 0 .5 7 4 0 w 0 .1 3 4 1 1 3 .5 5
8 .9 5 0 .4 3 8 1 1 .1 1 3 7 1 2 . 2 1

7 .9 6 0 .5 5 7 4 7 .6 3 2 8 1 2 .2 4
4 .9 1 0 .3 4 4 2 0 .9 6 3 1 5 .9 3

1 2 . 8 8 0 .4 5 3 0 5 .4 1 9 4 1 7 .9 5
1 7 .2 6 0 . 7 0 1 1 n 1 0 .1 8 3 7 2 9 .7 7
1 0 .5 0 0 .5 5 9 3 0 .9 2 1 4 1 6 .1 8
4 2 .2 9 0 .5 2 4 0 9 .7 5 7 6 6 3 .0 6

cn 
ro



The g e n o t y p i c  c o e f f i c i e n t  v a r i a t i o n  i s  n o t  th e  

o n ly  m easu re  t o  a s c e r t a i n  th e  amount o f  h e r i t a b l e  v a r i a 

t i o n .  H e r i t a b i l i t y  e s t im a te s *  g e n e t i c  a d v a n ce  and g e n e t i c

g a in  a re  a l s o  h e l p f u l  t o  a s c e r t a i n  t h e  am ount o f  h e r i t a b l e
, 2

v a r i a t i o n .  The h e r i t a b i l i t y  e s t im a t e s  (h ) i n  b r o a d  s e n s e

w ere  c a l c u l a t e d  f o r  a l l  t h e  e ig h t e e n  c h a r a c t e r s  i n c lu d in g  

y i e l d .  H e r i t a b i l i t y  c o e f f i c i e n t s  f o r  t h e  d i f f e r e n t  c h a r a c t e r s  

a re  p r e s e n t e d  i n  t a b l e  1 . I t  ca n  b e  s e e n  t h a t  t h e  e s t im a t e s  

ra n g e d  fr o m  0 .1 0 5 4  f o r  num ber o f  n od es  p e r  m o th e r  rh izo m e  

t o  0 .7 1 4 8  f o r  g i r t h  o f  m o th e r  rh izom e  a t  c e n t r e .  Among 

o t h e r  c h a r a c t e r s ,  h e ig h t  o f  t h e  p l a n t  (0 .7 0 1 1 )  and number 

o f  n od es  p e r  s e c o n d a r y  f i n g e r  (0 .6 2 7 7 )  sh ow ed  r e l a t i v e l y  

h ig h  h e r i t a b i l i t i e s  w h erea s  num ber o f  n o d e s  p e r  m oth er 

rh izom e  (0 .1 0 5 4 )  and in t e r n o d a l  d i s t a n c e  o f  m o th e r  rh izom e  

(0 .1 0 7 6 )  show ed  low  h e r i t a b i l i t y .  E s t im a te s  o f  h e r i t a b i 

l i t y  o f  m o st  o f  t h e  y i e l d  c o n t r i b u t i n g  and m o r p h o lo g ic a l  

c h a r a c t e r s  w ere  m o d e r a te , f l u c t u a t i n g  up an d  down arou n d  

0 .5 0  ■

G e n e t ic  a d va n ce  and g e n e t i c  g a in  w ere  e s t im a te d  f o r  

e a c h  i n d i v i d u a l  c h a r a c t e r  a t  5 p e r  c e n t  i n t e n s i t y  o f  s e l e c 

t i o n  and a re  g iv e n  in  t a b l e  1 .  The h ig h e s t  g e n e t i c  a d va n ce  

was o b s e r v e d  f o r  h e ig h t  o f  t h e  p la n t  (1 0 .1 8 3 7 )  f o l l o w e d  b y  

y i e l d  o f  raw  rh izom e  p e r  b e d  (9 .7 5 7 6 )  w h i le  th e  lo w e s t  

g e n e t i c  a d v a n ce  was o b t a in e d  f o r  in t e r n o d a l  d i s t a n c e  o f  '
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T a b le  2 .  P h e n o ty p ic  and g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t s  
b e tw e e n  y i e l d  and o t h e r  c h a r a c t e r s  o f  tu r m e r ic *

S i .
N o. C h a r a c t e r

P h e n o t y p ic
c o r r e l a t i o n

G e n o ty p ic
c o r r e l a t i o n

1 . L en gth  o f  s e c o n d a r y  f i n g e r
&

0 .4 9 0 5
*

0 .5 5 1 3

2 . G ir t h  o f  s e c o n d a r y  f i n g e r  a t  
c e n t r e

*
0 .2 9 5 6  ’ 0 .2 1 5 0

3 . Number o f  m odes p e r  s e c o n d a r y  
f i n g e r 0 .3 2 5 1 0 ,3 0 6 6

4 . I n t e r n o d a l  d i s t a n c e  o f  s e c o n d a r y  
f i n g e r

’ * 
0 .3 5 3 4 0 .3 9 3 8

L en g th  o f  m oth er rh iz o m e 0 .3 0 5 8  ' 0 .4 3 0 2

. 6  • Number o f  n od es  p e r  m o th e r  rh izom e 0 .0 8 9 2  ■ 0 .1 7 2 4

7 . I n t e r n o d a l  d i s t a n c e  o f  m oth er  
rh izom e

it
0 ;2 9 3 £ 0 .9 2 3 7*

8 . G ir t h  o f  m o th e r  rh izom e  a t  c e n t r e 0 .5 1 5 2  '* 0 .6 7 8 3
' ft

9 . Number o f  n od es  p e r  p r im a r y  f i n g e r 0 .7 0 8 9
it

0 .8 1 2 |

1 0 . .L e n g th  o f  p r im a r y  f i n g e r 0 .6 9 4 3 0 .7 0 1 6

1 1 . I n t e r n o d a l  d i s t a n c e  o f  p r im a r y  
f i n g e r 0 ,3 5 5 7

*
0 .3 2 5 2

1 2 ; G ir th  o f  p r im a r y  f i n g e r  a t  c e n t r e 0 .4 1 1 5 0 .4 2 4 2

1 3 . L en gth  o f  l a s t  f u l l y  o p e n e d  l e a f 0 .7 7 1 1* 0 .8 6 9 0

1 4 . B re a d th  o f  l e a f t  a t  c e n t r e 0 .3 5 9 8
it

0 .5 6 9 8
*

1 5 . P e t i o l e  le n g t h 0 .6 7 7 1
A

0 .6 6 7 2
★

1 6 . H e ig h t  o f  t h e  p la n t 0 .5 8 6 2
*

0 .6 9 9 7
*

1 7 . Number o f  l e a v e s  p e r  t i l l e r 0 .6 7 6 2 0 .8 1 4 3

* S i g n i f i c a n t  a t  5%  l e v e l



65

m o th e r  rh iz o m e  ( 0 .0 2 1 4 ) .  The g e n e t i c  g a in  ra n g e d  from  

2 .4  p e r . c e n t  f o r .number o f  n od es  p e r  s e c o n d a r y  f i n g e r  

t o  6 3 .0 6  p e r  c e n t  f o r  y i e l d  o f  raw rh iz o m e  p e r  b e d .  .

H e ig h t  o f  th e  p l a n t  (2 9 .7 7 % ), num ber o f  n o d e s  p e r  s e c o n d a r y  

f i n g e r  (2 4 .4 3 % ) le n g t h  o f  s e c o n d a r y  f i n g e r  (21*78% ) and 

g i r t h  o f  m o th e r  rh izom e  a t  c e n t r a  (2 0 .0 3 % ) a l s o  r e s u l t e d  

i n  r e l a t i v e l y  h ig h  g e n e t i c  g a in .

The e x t e n t  o f  a s s o c i a t i o n  b e tw e e n  y i e l d  and e a ch  

o f  t h e  o t h e r  c h a r a c t e r s  and a l s o  among th e  c h a r a c t e r s  was 

f u r t h e r  i n v e s t i g a t e d .  P h e n o ty p ic  and g e n o t y p i c  c o r r e l a t i o n  

c o e f f i c i e n t s  b e t w e e n .y ie l d  and e a c h  o f  t h e  o t h e r  c h a r a c t e r s  

a re  g iv e n  i n  t a b le  2 .  A l l  th e  c h a r a c t e r s  e x c e p t  t h e  num ber 

o f  n od es  p e r  m oth er rh izom e  e x h i b i t e d  s i g n i f i c a n t  P hen o

t y p i c  c o r r e l a t i o n s  w it h  y i e l d  a t  5 p e r  c e n t  l e v e l .  P h e n o ty p ic  

c o r r e l a t i o n s  w it h  rh izom e  y i e l d  ra n g e d  fr o m  0 .0 8 9 2  f o r  

num ber o f  n o d e s  p e r  m oth er  rh iz o m e  t o  0 .7 7 1 1  f o r  le n g t h  o f  

l a s t  f u l l y  op en ed  l e a f .  A t t h e  p h e n o t y p ic  l e v e l  y i e l d  

sh ow ed  r e l a t i v e l y  h ig h  c o r r e l a t i o n s  w ith  num ber o f  n od es  

p e r  p r im a r y  f i n g e r  ( 0 .7 0 8 9 ) .  le n g t h  o f  p r im a r y  f i n g e r  

(0 .6 9 4 3 )  p e t i o l e  le n g t h  (0 .6 7 7 1 )  and num ber o f  l e a v e s  p e r  

t i l l e r  ( 0 .6 7 6 2 ) .

G e n o ty p ic  c o r r e l a t i o n s  w ith  rh izo m e  y i e l d  ra n g ed  

fr o m  0 .1 7 2 4  f o r  num ber o f  n o d e s  p e r  m oth er rh izom e  t o
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0 .9 2 3 7  f o r  i n t e r n o d a l  d i s t a n c e  o f  m oth er  r h iz o m e . L e n g th  

o f  s e c o n d a r y  f i n g e r  ( 0 .5 5 1 3 ) /  g i r t h  o f  m o th e r  rh izo m e  a t  

c e n t r e  ( 0 .6 7 8 3 ) ,  num ber o f  n o d e s  p e r  p r im a r y  f i n g e r  (0 .8 1 2 2 )  

l e n g t h  o f  p r im a r y  f i n g e r  ( 0 .7 0 1 6 ) ,  l e n g t h  o f  l a s t  f u l l y  

o p e n e d  l e a f  ( 0 .8 6 9 0 ) ,  p e t i o l e  le n g t h  ( 0 .6 6 7 2 ) ,  h e ig h t  o f  

th e  p la n t  (0 .6 9 9 7 )  and num ber o f  l e a v e s  p e r  t i l l e r  (0 .8 1 4 3 )  

w ere  t h e  c h a r a c t e r s  w h ich  sh ow ed  s i g n i f i c a n t  g e n o t y p ic  

c o r r e l a t i o n s  w ith  y i e l d .

P h e n o t y p ic  and g e n o t y p i c  c o r r e l a t i o n  m a t r ic e s  o f
i✓

th e  e x p la n a t o r y  v a r i a b l e s  a r e  p r e s e n t e d  i n , t a b l e s  3 and 4 .  

Among t h e  d i f f e r e n t  c o m b in a t io n s  o f  c h a r a c t e r s  le n g t h  o f  

s e c o n d a r y  f i n g e r  and num ber o f  n od es  p e r  s e c o n d a r y  f i n g e r  

show ed maximum p h e n o t y p ic  c o r r e l a t i o n  (0 .8 2 7 3 )  w here as 

h ig h e s t  g e n o t y p i c  c o r r e l a t i o n  was r e c o r d e d  b e tw e e n  le n g t h  

o f  m oth er rh iz o m e  and g i r t h  o f  p r im a r y  f i n g e r  a t  c e n t r e  

(0 .9 8 0 2 )  .

4 . 2 .  SELECTION OF CHARACTERS

4 . 2 . 1 .  PRINCIPAL COMPONENT ANALYSIS

P r i n c i p a l  com p on en t a n a ly s i s  was c o n d u c te d  u s in g  

th e  s e v e n t e e n  b i o m e t r i c  c h a r a c t e r s  e x c lu d in g  rh izo m e  y i e l d .  

Com ponents w ere  e x t r a c t e d  fr o m  b o t h  th e  p h e n o t y p ic  and 

g e n o t y p ic  c o r r e l a t i o n  m a t r i c e s .  The c h a r a c t e r i s t i c  r o o t s  

l e s s  th a n  u n i t y  w ere  ig n o r e d  i n  b o t h  t h e  c a s e s , .
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T a b le  5* P r i n c i p a l  com p on en t a n a ly s i s  b a s e d  on  p h e n o t y p ic
c o r r e l a t i o n  m a t r ix :  V e c t o r s  o f  com p on en t l o a d in g s  (F ) ,  
e ig e n  v a lu e s  o f  c o r r e s p o n d in g  e ig e n  v e c t o r s ’ and 
p e r c e n t a g e  v a r i a t i o n  a c c o u n te d  b y  e a c h  com p on en ts

S I .
NO. C h a r a c te r V e c t o r s  o f  com p on en t l o a d in g s

F 1 F 2
F -3 F4 .

1 . L en gth  o f  s e c o n d a r y  
f i n g e r 0 ,4 3 5 6 0 ,6 3 9 4 0 .5 9 1 4 0 .0 8 2 4

2 . G ir t h  o f  s e c o n d a r y  
f i n g e r  a t  c e n t r e 0 .6 0 0 3 - 0 ,3 6 8 4 0 .3 0 3 4 0 .4 0 3 2

3 . Number o f  m odes p e r  
s e c o n d a r y  f i n g e r 0 .1 9 6 9 - 0 .9 0 1 2 - 0 .4 9 6 2 -0 .0 2 3 4

4 . I n t e r n o d a l  d i s t a n c e  
o f  s e c o n d a r y  f i n g e r 0 ,5 0 5 3 0 .6 4 9 7 0 .2 3 4 2 0 .4 0 2 5

5 . L en g th  o f  m oth er  
rh izo m e 0 .6 3 7 6 0 .3 2 9 5 0 .4 4 9 1 0 .0 7 7 5

6 . Number o f  n o d e s  p e r  
m oth er  rh izo m e 0 .2 9 2 1 -0 .5 1 7 5 0 .4 8 6 1 0 .3 7 5 1

7 . I n t e r n o d a l  d i s t a n c e
o f  m oth er rh iz o m e 0 ,3 3 8 0 0 ,6 6 7 4 - 0 .0 6 7 7 0 .4 1 3 9

8 . G ir t h  o f  m oth er 
rh izo m e  a t  c e n t r e 0 .7 7 9 6 0 .2 3 5 7 0 .2 8 9 1 -0 .0 1 8 2

9 . Number o f  n o d e s  p e r  
p r im a r y  f i n g e r 0 .7 0 7 1 -0 .3 8 2 7 -0 .3 6 1 5 0 .2 0 4 4

1 0 . L en gth  o f  p r im a r y
f i n g e r 0 ,7 2 8 4 0 .3 0 6 5 -0 .5 5 8 2 0 .2 0 4 4

1 1 . I n t e r n o d a l  d i s t a n c e  
o f  p r im a r y  f i n g e r 0 .3 9 4 7 0 .7 4 9 6 - 0  .5 0 2 7  *' 0 .2 3 1 6

1 2 . G ir t h  o f  p r im a r y  
f i n g e r  a t  C e n tre • 0 .7 0 9 3 -0 ,1 2 5 6  . 0 .3 4 7 9 0 .3 9 1 0

1 3 . L en g th  o f  l a s t  f u l l y  
o p e n e d  l e a f 0 .8 1 0 5 -0 ,0 2 8 0  ' 0 .1 7 1 2 -0 .3 1 9 0

1 4 . B re a d th  o f  l e a f  a t  
c e n t r e 0 .6 4 9 5 0 .1 2 0 9 0 .2 6 7 6 -0 .0 7 0 1

1 5 . P e t i o l e  le n g t h 0 .6 8 4 8 -0 .3 7 1 5 0 .1 0 4 0 -0 .4 4 8 4
1 6 . H e ig h t  o f  th e  p l a n t 0 *7 8 8 9 - 0 .0 9 0 7 0 .2 9 9 4 -0 .3 5 5 4
1 7 . Number o f  l e a v e s  

p e r  i l l e r 0 .7 1 2 4 -0 .0 1 3 7 0 .0 9 5 3 0 .2 7 0 4

S lg e n  v a lu e 6 .4 2 7 4 2 .6 3 7 1 2 .2 9 5 9 1 .4 2 5 3

V a r ia t io n  e x p la in e d  (% ) 3 7 .8 1 1 5 .5 1 1 3 .5 1 8 .3 8



70

Prom t h e  p r i n c i p a l  com p on en t a n a ly s i s  o f  th e  

p h e n o t y p ic  c o r r e l a t i o n  m a t r ix ,  th e  f i r s t , f o u r  com p on en ts 

a lo n e  w ere r e t a in e d  w h ich  a c c o u n te d  f o r  7 5 .2 1  p e r  c e n t  

o f  th e  t o t a l  v a r i a t i o n .  The v e c t o r s  o f  com p on en t l o a d in g s ,  

e ig i3 r i:c :: v a lu e s  o f  th e  c o r r e s p o n d in g  e i g e n  v e c t o r s  and 

p e r c e n t a g e  v a r i a t i o n  e x p la in e d  b y  e a c h  com p on en t a re  

p r e s e n t e d  in  t a b l e  5 ,

In  th e  p r i n c i p a l  com p on en t a n a ly s i s  b a s e d  on th e  

g e n o t y p i c  c o r r e l a t i o n  m a tr ix  m a jo r  p a r t  o f  v a r i a t i o n  

(9 1 .7 4 % ) was a c c o u n te d  b y  th e  f i r s t  t h r e e  com p on en ts  

and h en ce  i t  was f e l t  t h a t  th e  s a l i a n t  f e a t u r e s  o f  - th e  

a n a ly s i s  c o u l d  b e  d e m o n s tr a te d  b y  t h e s e  t h r e e  com p on en ts 

a lo n e .  The v e c t o r s  o f  com p on en t l o a d in g s ,  e i g e n  v a lu e s  o f  

c o r r e s p o n d in g  e ig e n  v e c t o r s  and p e r c e n t a g e  v a r i a t i o n  

e x p la in e d  b y  e a c h  com p on en t a r e  p r e s e n t e d  in  t a b l e  6 .

The f i r s t  com p on en t c a l l e d  't h e  s i z e  c o m p o n e n t ' i s  a 

w e ig h te d  mean o f  th e  o r i g i n a l  m easurem ents and was r e s p o n s i 

b l e  f o r  5 3 .7 6  p e r  c e n t  o f  th e  t o t a l  v a r i a t i o n .  The s e c o n d  

com p on en t c a l l e d  'S h a p e ' com p on en t had a c c o u n te d  f o r  

2 0 ,7 3  p e r  c e n t  o f  t o t a l  v a r i a t i o n .  The t h i r d  com p on en t 

was r e s p o n s i b l e  f o r  1 7 .2 5  p e r  c e n t  o f  t o t a l  v a r i a t i o n .

The f i r s t  com p on en t was d o m in a te d  b y  i n t e r n o d a l  d i s t a n c e  o f  

m oth er  r h i z o m e ,g i r t h  o f  m o th e r  rh izom e  a t  c e n t r e ,  b r e a d th



T a b le  6 . P r i n c i p a l  com ponent a n a ly s i s  b a s e d  on  g e n o t y p ic
c o r r e l a t i o n  m a tr ix *  V e c t o r s  o f  com p on en t l o a d in g s (P )#  
e ig e n  v a lu e s  o f  c o r r e s p o n d in g  e ig e n  v e c t o r s  and 
p e r c e n t a g e  v a r i a t i o n  a c c o u n te d  b y  e a c h  com ponent*

S I .
N o.

C h a r a c te r
V e c t o r s  o f  com p on en t lo a d in g s  

* 1  F 2 ' F3-

1 ,
2  «

L en gth  o f  s e c o n d a r y  f i n g e r  
G ir th  o f  s e c o n d a r y  f i n g e r

0 .2 9 8 0 0 ,1 7 8 9 0 .9 2 6 3

a t  c e n t r e 0 .6 2 8 5 - 0 .5 6 4 8 -0  • 14 04

3 . Number o f  n o d e s  p e r  s e c o n d 
0 ,9 8 6 3

4 .
a r y  f i n g e r
I n t e r n o d a l  d i s t a n c e  o f  -

0 ,0 2 5 4 - 0 ,1 2 4 1

s e c o n d a r y  f i n g e r 0*5686 0 .7 3 4 1 0 .3 1 1 1
5 .  
6  ■

L en gth  o f  m o th e r  rh izom e  
Number o f  n o d e s  p e r  m oth er

0 .8 3 3 8 - 0 .2 7 7 8 -0 .5 1 3 6

rh izo m e 0 .5 5 9 3 - 0 .7 9 2 1 -0 .0 5 0 6

7 , I n t e r n o d a l  d i s t a n c e  o f
- 0 .3 4 4 2

3*
m oth er  rh iso m e
G ir t h  o f  m o th e r  rh iso m e

0 ,9 7 1 6 0 .1 4 7 9

9 .
a t  c e n t r e  .
Number o f  n o d e s  p e r  p r im a r y

0 ,9 6 1 3 0 .0 8 3 9 -0 .1 5 3 1

f i n g e r  . 0 .7 3 2 8 0 .0 8 2 4 0 .5 7 4 6

1 0 .
1 1 .

L en gth  o f  p r im a r y  f i n g e r  
I n t e r n o d a l  d i s t a n c e  o f

0 .6 7 6 0 C .7 0 2 6 0 ,1 3 4 3

1 2 *
p r im a r y  f i n g e r  , 
G ir t h  o f  p r im a r y  f i n g e r

. 0 .3 6 7 0 0 .3 8 2 2 - 0 .2 3 8 6

1 3 ,
a t  c e n t r e  . 
L e n g th  o f  l a s t  f u l l y

0 ,7 9 0 5 - 0 .3 6 1 9 -0 .1 3 5 8

o p en ed  l e a f  . 0 .8 4 2 5 0 ,4 2 3 0 0 .2 3 9 8
1 4 . B re a d th  o f  l e a f t  a t  c e n t r e 0*9 196 0 .0 2 0 3 -0 .0 9 2 1

1 5 . P e t i o l e  l e n g t h  . , . 0 .7 8 2 6 -0 .3 3 0 2 0 .2 2 1 3

1 6 . H e ig h t  o f  t h e  p la n t 0 .9 1 3 9 -0 * 3 8 5 4 0 .1 0 7 9

1 7 . Number o f  l e a v e s  p e r  t i l l e r 0 ,8 3 7 7 0 .1 9 3 9 0 .2 0 3 6

E ig e n  v a lu e  7 ' 9 .1 3 9 2 3 ,5 2 3 2 2 .9 3 3 0

V a r ia t io n  e x p la in e d  {%) 5 3 .7 6 2 0 .7 3 1 7 .2 5
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o f  l e a ^ -  a t  c e n t r a  and h e ig h t  o f  t h e  p l a n t .  I n t e r n o d a l  

d i s t a n c e  o f  p r im a r y  f i n g e r  h as t h e  l a r g e s t  w e ig h t in g  f o r  

t h e  s e c o n d  com p on en t f o l l o w e d  b y  in t e r n o d a l  d i s t a n c e  o f  

s e c o n d a r y  f i n g e r .  The m a jo r  c o n t r i b u t o r s  to w a rd s  v a r i a t i o n  

on  th e  t h i r d  com p on en t a re  num ber o f  n o d e s  p e r  s e c o n d a r y  

f i n g e r  and l e n g t h  o f  s e c o n d a r y  f in g e r *

I t  i s  e v id e n t  fro m  t a b l e  6  t h a t  t h e  c h a r a c t e r s  w ere

n o t  e a s i l y  d i s t i n g u i s h a b l e  on  th e  b a s i s  o f  th e  com pon en t

lo a d in g s  and th e  s e l e c t i o n  o f  a s u b s e t  o f  c h a r a c t e r s  o f  a

r e a s o n a b le  s i z e  seem ed t o  be f r u i t l e s s .  The n o r m a lis e d

v a r im a x  r o t a t i o n  w h ich  was th e n  a t te m p te d  f o r  th e  same

p u r p o s e  a l s o  fo u n d  t o  b e  i n e f f e c t i v e .  '
*

S e l e c t i o n  o f  c h a r a c t e r s  was a t te m p te d  b a s e d  on  th e  

r e l a t i v e  m a g n itu d es  o f  th e  Com ponent l o a d i n g s .  C h a r a c te r s  

f o r  w h ich  com p on en t l o a d in g  e x c e e d e d  0 .9  a lo n e  w ere  s e l e c 

t e d  from  th e  f i r s t  v e c t o r  o f  com p on en t l o a d i n g s .  The 

c h a r a c t e r s  w h ich  was s e l e c t e d  b a s e d  on  th e  f i r s t  v e c t o r  

a r e  i n t e r n o d a l  d i s t a n c e  o f  m oth er  rh izo m e  ( 0 .9 7 1 6 ) ,  g i r t h  

o f  m oth er  rh izo m e  a t  c e n t r e  ( 0 .9 6 1 3 ) ,  b r e a d t h  o f  l e a f  a t  

c e n t r e  (0 .9 1 9 6 )  and h e ig h t  o f  th e  p l a n t  ( 0 ,9 1 3 9 ) .  C h a r a c te r s  

w h ich  p o s s e s s e d  maximum com p on en t l o a d in g s  a lo n e  w ere  

s e l e c t e d ' f o r  th e  s e c o n d  and t h i r d  v e c t o r s .  The c h a r a c t e r  

s e l e c t e d  b a s e d  on th e  s e c o n d v e c t o r  o f  com p on en t lo a d in g s
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was in t e r n o d a l  d i s t a n c e  o f  p r im a r y  f i n g e r  (0 .8 8 2 2 )  

w h i le  t h a t  s e l e c t e d  on t h e  b a s i s  o f  t h i r d  v e c t o r  was th e  

num ber o f  n o d e s  p e r  s e c o n d a r y  f i n g e r  ( 0 .9 8 6 3 ) ,  T h ese  

s i x  s e l e c t e d  c h a r a c t e r s  w ere  f u r t h e r  u s e d  t o  c o n s t r u c t  

th e  g e n o t y p i c  s e l e c t i o n  i n d i c e s •

4 . 2 . 2 ,  PATH^COEFFICIENT ANALYSIS

In  p r d e r  t o  a s s e s s  th e  a b s o lu t e  c o n t r i b u t i o n  o f  e a ch  

o f  th e  com p on en t c h a r a c t e r s  to w a rd s  y i e l d ,  p a t h - c o e f f i c i e n t  

a n a ly s i s  was p e r fo r m e d  and t h e  r e s u l t s  a r e  p r e s e n t e d  i n  

t a b l e  7 .  A p r e l im in a r y  s c r e e n in g  o f  c h a r a c t e r s  was a ttem p 

t e d  and o n ly  t h o s e  c h a r a c t e r s  w h ich  had s i g n i f i c a n t  g e n o 

t y p i c  c o r r e l a t i o n s  w it h  y i e l d  a lo n e  w ere  c o n s id e r e d  f o r  

c o n d u c t in g  t h e  p a t h - c o e f f i c i e n t  a n a l y s i s .  The e i g h t  

c h a r a c t e r s  s e l e c t e d  f o r  p a t h - c o e f f i c i e n t  a n a ly s i s  w ere 

l e n g t h  o f  s e c o n d a r y  f i n g e r ,  g i r t h  o f  m o th e r  rh izo m e  a t  

c e n t r e ,  num ber o f  n od es  p e r  p r im a r y  f i n g e r ,  le n g t h  o f  

p r im a r y  f i n g e r ,  le n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f ,  p e t i o l e  

l e n g t h ,  h e ig h t  o f  t h e  p l a n t  and num ber o f  l e a v e s  p e r  

t i l l e r .  In  t a b l e  7 c o r r e l a t i o n s  b e tw e e n  y i e l d  on  on e  hand 

and t h e  v a r io u s  c h a r a c t e r s  on  th e  o t h e r  hand have b e e n  

p a r t i t i o n e d  i n t o  d i r e c t  and i n d i r e c t  e f f e c t s  o f  th e  

v a r io u s  c h a r a c t e r s •



T a b le  7 .  P a t h - c o e f f i c i e n t  a n a l y s i s  i n  t u r m e r i c .  D i r e c t  and i n d i r e c t  e f f e c t s  
o f  c h a r a c t e r s  on  y i e l d .

L e n g th  o f G ir t h  o f Number o f L e n g th  o f L e n g th  o f P e t i o l e H e ig h t Number G e n o t y p ic
C h a r a c te r s s e c o n d a r y m oth er n o d e s  p e r p r im a r y l a s t  f u l l y le n g t h o f  th e o f c o r r e l a 

f i n g e r rh iz o m e p r im a r y f i n g e r . o p e n e d p l a n t . l e a v e s t i o n  w it h
• 1 j

a t  c e n 
t r e .

f i n g e r .  1 l e a f  . p e r
t i l l e r

y i e l d

L en g th  o f  ' 1 .6 6 6 4 0 .0 8 2 9 -1 .0 3 1 2 -!-0,.0961 - 0 .3 5 8 7 -0  .3 3 4 9 0 .4 4 2 0 0 .1 8 0 9 0 .5 5 1 3
s e c o n d a r y
f i n g e r

0 .6 7 8 3G ir t h  o f 0 .2 5 3 8 0 .5 4 4 4 - 0 .7 6 2 5 - 0 .1 0 2 5 - 0  .4 6 0 6 -0 .8 1 2 5 1 .5 6 0 7 0 .4 5 7 5
m oth er r h i  . r

zom e a t  c e n 
t r e .  . 1 .4 1 3 0 0 .3 4 1 4 -1 .2 1 6 2 - 0 .1 1 6 6 - 0 .4 1 7 7  ‘ - 0 .6 9 7 9 • 1 .16 73 0 .3 3 8 9 0 .8 1 2 2
N o .o f  n od es
p e r  p r im a r y
f i n g e r  
L en g th  o f 0 .9 1 9 9 0 .3 2 0 5 -0 .8 1 4 1 - 0 .1 7 4 2 - 0 .5 0 2 0 - 0 .2 0 1 7 0 .7 8 3 4 0 .3 6 9 8 0 .7 0 1 6

p r im a r y
0 .8 6 9 0f i n g e r 0 .9 4 5 9 0 .3 9 6 8 -0 .8 0 3 8 - 0 .1 3 8 4 -0 .6 3 2 0 -0 -7 7 1 5 1 .3 3 4 2 0 .5 3 7 8

L e n g th  o f
l a s t  f u l l y

0 .6 6 7 2op e n e d  l e a f  
P e t i o l e 0 .4 6 8 4 0 .3 7 1 3 -0 .7 1 2 3 - 0 .0 2 9 5 -0  .4 0  92 - 1 .1 9 1 5 1 .7 8 6 4 0 .3 8 3 6

le n g t h  
H e ig h t  o f 0 .4 0 1 7 0 .4 6 3 5 -0 .7 7 4 3 - 0 .0 7 4 4 - 0 .4 5 9 9 - 1 .1 6 1 0 1 .8 3 3 3 0 .4 7 0 8 0 .6 9 9 7

t h e  p l a n t ' .
0 .8 1 4 3N o .o f  le a v e s  

p e r  t i l l e r
0 .5 3 1 4 0 .4 3 9 2 -0 .7 2 6 5 - 0 .1 1 3 6 - 0 .5 9 9 1 - 0 .8 0 5 8 1 .5 2 1 4 0 .5 6 7 3

R e s id u a l  e f f e c t  h  =3 0 .6 4 9 2  .
D ia g o n a l  e n t r i e s  w h ich  a r e  u n d e r l in e d  i n d i c a t e  d i r e c t  e f f e c t s  o f  th e  r e l e v a n t  f a c t o r s .



S
H

a
i's

v
a

v
H

D
 

o
itd

X
^

V
N

o
ie 

a
a

x
o

s
ia

s
 

fccam
-o 

q
n

v
 

q
ih

ia
 

n
u

m
is

q
 

s
c

iih
s

h
o

iiv
o

w
 

x
o

a
jJ

S
 

q
v

j
v

' 
a

s
n

v
D

 
■ 

 ̂
■ e> u

7 5



76

The c a u s e  and e f f e c t  r e l a t i o n s h i p  b r o u g h t  o u t  b y  th e  

p a t h - c o e f f i c i e n t  a n a ly s is  i s  r e p r e s e n t e d  d i a g r a m a t i c a l l y  in  

F ig u r e  1 .

From  t a b l e  7 i t  was e v id e n t  t h a t  th o u g h  t h e  c o r r e l a 

t i o n  b e tw e e n  le n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f  and y i e l d  was 

maximum, i t  was h e ig h t  o f  t h e  p la n t  t h a t  sh ow ed  maximum 

d i r e c t  e f f e c t  on  y i e l d  ( 1 .8 3 3 3 ) .  The o t h e r  c h a r a c t e r  w h ich  

e x e r t e d  h ig h  p o s i t i v e  d i r e c t  e f f e c t  on  y i e l d  was le n g t h  o f  

s e c o n d a r y  f i n g e r  ( 1 .6 6 6 4 ) .  The i n d i r e c t  e f f e c t s  o f  a l l  

c h a r a c t e r s  th r o u g h  t h e s e  t r a i t s  w ere  p o s i t i v e  and h ig h  .

D i r e c t  e f f e c t s  o f  num ber o f  le a v e s  p e r  t i l l e r  (0 .5 6 7 3 )  and 

g i r t h  o f  m oth er  rh izo m e  a t  c e n t r e  (0 * 5 4 4 4 ) o n  y i e l d  w ere  

fo u n d  t o  b e  p o s i t i v e .  P a th  c o e f f i c i e n t  a n a ly s i s  a l s o  r e v e a le d  

t h a t  num ber o f  n od es  p e r  f i n g e r  and p e t i o l e  le n g t h  had  

h ig h  n e g a t iv e  d i r e c t  e f f e c t s  (—1*2162  and —1 .1 9 1 5  r e s p e c t i v e l y )  

on  y i e l d .  D i r e c t  e f f e c t s  o f  le n g t h  o f  l a s t  f u l l y  op en ed  

l e a f  ( - 0 .6 3 2 0 )  and le n g t h  o f  p r im a r y  f i n g e r  ( -0 .1 7 4 2 )  on  

y i e l d  w ere  fo u n d  t o  b e  n e g a t i v e .  The h ig h  p o s i t i v e  g e n o t y p i c  

c o r r e l a t i o n  o f  t h e s e  c h a r a c t e r s  w it h  y i e l d  w e re  m a in ly  

du e t o  t h e i r  i n d i r e c t  e f f e c t s  th r o u g h  h e i g h t  o f  th e  p l a n t  

and le n g t h  o f  s e c o n d a r y  f i n g e r  on  y i e l d .  The r e s i d u a l ,  e f f e c t  

was e s t im a t e d  t o  b e  0 * 6 4 9 2 . The r e l a t i v e l y  h ig h  r e s i d u a l  

e f f e c t  show ed  t h a t  som e o f  t h e  y i e l d  c o n t r i b u t i n g  f a c t o r s  

had  n o t  b e e n  ta k e n  i n t o  a c c o u n t  i n  th e  p a t h  a n a l y s i s .
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R e s u lt s  o f  p a t h - c o e f f i c i e n t  a n a ly s is  i n d i c a t e d  t h a t  

d u e  em p h asis  w o u ld  h a ve  t o  b e  g iv e n  t o  h e ig h t  o f  t h e  p la n t ,  

l e n g t h  o f  s e c o n d a r y  f i n g e r ,  num ber o f  l e a v e s  p e r  t i l l e r ,  

g i r t h  o f  m oth er r h iz o m e  a t  c e n t r e ,  le n g t h  o f  l a s t  f u l l y  

o p en ed  l e a f  and l e n g t h  o f  p r im a r y  f i n g e r  f o r  s e l e c t i n g  

g e n o ty p e s  f o r  f u r t h e r  p r o p o a g a t i o n .  G e n o ty p ic  s e l e c t i o n  

I n d i c e s  w ere  c o n s t r u c t e d  u s in g  th e  a b o v e  m e n tio n e d  s i x  

c h a r a c t e r s  w h ich  I n c lu d e d  t h e  t r a i t s  w ith  p o s i t i v e  d i r e c t  

e f f e c t s  on y i e l d  and t h o s e  w it h  r e l a t i v e l y  s m a ll  n e g a t iv e  

d i r e c t  e f f e c t  b u t  h ig h  g e n o t y p i c  c o r r e l a t i o n  w it h  y i e l d .

4 . 3 .  SELECTION INDEX

4 . 3 . 1 .  PHENOTYPIC INDEX

M u l t ip le  r e g r e s s i o n  a n a ly s i s  was d on e  u s in g  t h e

e i g h t  c h a r a c t e r s  w h ich  e x h i b i t e d  s i g n i f i c a n t  g e n o t y p i c

c o r r e l a t i o n  G®sjy£*e4?estite« w ith  y i e l d .  A c l a s s  o f  m u l t ip l e

l i n e a r  r e g r e s s i o n  m od e ls  was f i t t e d  t o  th e  d i f f e r e n t  s e t s  o f

c h a r a c t e r  c o m b in a t io n s  and th e  c o e f f i c i e n t s  o f  d e t e r m in a t io n
inno<lels

o f  e a ch  m odel e s t im a t e d .  The t e s t e d ^ a n d  th e  p e r c e n t a g e  v a r i a 

t i o n  e x p la in e d  b y  e a c h  m odel a re  e x h i b i t e d  i n  t a b l e  8 .  The 

C o e f f i c i e n t  o f  d e t e r m in a t io n  o f  t h e  v a r io u s  e q u a t io n s  ra n g ed  

fr o m  0 .3 4 2 3  t o  0 .7 8 8 8 .  The s u p e r i o r i t y  o f  t h e  f u l l  m od el 

o v e r  th e  s i r r p le r  m od e ls  was t e s t e d  b y  u s in g  th e  F t e s t .

I t  was fo u n d  t h a t  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  

b e tw e e n  th e  p a r a m e t r ic  m od e ls  i n v o l v i n g  s e v e n  an d  s i x  ch a ra 

c t e r s  r e s p e c t i v e l y .  But a l l  t h e  o t h e r  p a r a m e t r ic  m odels



T a b le  8 .  P h e n o t y p ic  i n d i c e s  b a s e d  on  v a r io u s  c o m b in a t io n s  o f  c h a r a c t e r s  and t h e  
c o r r e s p o n d in g  c o e f f i c i e n t s  o f  d e t e r m in a t io n  (R2 )

2
£ 1 .  In d e x  C h a r a c te r s  P h e n o t y p ic  I n d e x  R
N o. l a b e l

1 ‘ S 1 X16 y = - 1 0 .1 3 3 4 + 0 .7 5 0 0 X16 0 .3 4 2 3

2 S 2 Xl 6 ' * 1 y s - 2 4 .4 3 5 2 + 0 .6 6 6 7 X16 + 2 .7 2 8 2 X 1
0 .5 0 4 2

3 S3 X! 6 ' V X9 y =3 -4 6 .4 1 1 0 + 0 .4 5 5 7
X 1 6 + 0 .9 9 6 0

X 1 + 3 .8 4 9 4 X9 0 .6 0 2 1

4 S4 X1 6 # V X9 ' X15 . y = -4 5 .7 7 2 3 + 0 .1 8 9 8 X16 + 0 .9 7 9 4 X 1 + 3 .2 6 3 5 X9
+ 0 .4 8 5 6 X15 0 .6 3 6 2

5 S5 X1 6 ' Xl ' x g . X1 5 ' y S -6 4 .3 8 6 9 - 0 .0 8 8 8 X16 + 0 .1 6 0 9
X 1 +

3 .0 1 8 9 Xg
X '13 + 0 .3 3 0 0 X15+ 0 .6 4 9 5 ^ 3

' 0 .7 3 0 4

6 S 6 * 1 6 ' x , . X g, x ^ , Y a -6 5 .5 6 1 3 - 0 .1 6 0 9 ^ 6 + 0 .2 3 9 8
X 1  + 2 .6 9 3 6 Xg

0 .7 5 6 5
X1 3 #

V
17 + 0 .3 3 4 5 X15 + 0 .5 1 8 9 X13 + 2 .5 5 2 6 X17

7 S 7 X1 6 ' V
X1 3 '

X g , X15 * 

X1 7 ' X 8

y = - 6 6 .9 1 8 5  -  
+ 0 .3 5 7 9  Xl 5

0 .2 0 7 0  X l 6  

+ 0 .5 0 1 4  :
+

X13

0 .2 9 8 9  Xx +  2 .6 0 5 9  
+ 2 .3 6 2 4  X1 ?  + 0 . :

* 9  
3280 X8

0 .7 5 9 5

8
S 8 * 1 6 ' V V X1 5 ' y a - 5 9 .2 1 4 2 - 0 .1 8 2 2  X  6  ■+ 0 .1 4 3 7  X + 1..1 8 5 2  :X9 0 .7 8 8 8

X1 3 ' Xl 7 # X 8 ' xio + 0 .5 6 1 6 Xl 5  + 0 .3 3 9 1 X13 + 1,J3734 X l 7  + 0 .1 0 1 9  XQ
+ 1 .6 7 1 7  X1Q

RESULTS C om p a rison  o f  d i f f e r e n t  p h e n o t y p i c  i n d i c e s
S 1 S 2 S 3 S4 S5 S 6  S 7 S 3
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w ere  s i g n i f i c a n t l y  d i f f e r e n t .  The r e s u l t  show ed  t h a t  

h e ig h t  o f  t h e  p l a n t ,  le n g t h  o f  s e c o n d a r y  f i n g e r ,  number 

o f  n od es  p e r  p r im a r y  f i n g e r ,  p e t i o l e  l e n g t h ,  number o f  

le a v e s  p e r  t i l l e r ,  g i r t h  o f  m oth er rh iz o m e  a t  c e n t r e ,  

le n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f  and le n g t h  o f  p r im a r y  

f i n g e r  a r e  im p o r ta n t  a u x i l i a r y  t r a i t s  w h ich  m e r i t  p h en o 

t y p i c  s e l e c t i o n .

To i d e n t i f y  th e  b e s t  c r i t e r i o n  o f  s e l e c t i o n  s i x  

g ro u p s  o f  p h e n o t y p ic  i n d i c e s  w ere  e v a lu a t e d  i n  a c c o r d a n c e  

w it h  d i f f e r e n t  c r i t e r i a  o f  s e l e c t i o n  v i z .  Cl) h e r i t a b i l i t y  

(h2 ) ;  (2 ) g e n o t y p i c  c o r r e l a t i o n  w ith  y i e l d  ( r ^ ) ; (3 ) p h e n o 

t y p i c  c o r r e l a t i o n  w ith  y i e l d  (r_ ) T (4 ) p r o d u c t  o f  h e r i t a -
2

b i l i t y  and g e n o t y p i c  c o r r e l a t i o n  w ith  y i e l d  (h . r g ) ;

(5 ) p r o d u c t  o f  h e r i t a b i l i t y  and p h e n o t y p ic  c o r r e l a t i o n  

w ith  y i e l d  (h? r  ) and (6) g e n e t i c  g a in  (G.G.)
Sr

E ig h t  c h a r a c t e r s  w ere  s e l e c t e d  on t h e  b a s i s  o f  th e  

h i g h e s t  a b s o lu t e  v a lu e s  f o r  e a c h  o f  th e  c r i t e r i o n .  In  any 

g r o u p , t h e  s i n g l e  c h a r a c t e r  in d e x  was b a s e d  o n  th e  on e  

h a v in g  th e  h ig h e s t  a b s o lu t e  v a lu e  f o r  t h e  c r i t e r i o n  o f  th e  

c h o i c e  f o r  t h a t  g ro u p  and c h a r a c t e r s  w ere  add ed  on e  a t  a 

t im e . C o e f f i c i e n t s  o f  d e t e r m in a t io n  (R ) f o r  d i f f e r e n t  

c o m b in a t io n s  o f  c h a r a c t e r s  s e l e c t e d  on  th e  b a s i s  o f  

d i f f e r e n t  c r i t e r i a  a r e  g iv e n  i n  t a b l e  9 .



T a b le  9 ., C o e f f i c i e n t s  o f  d e t e r m in a t io n  (R^) f o r  d i f f e r e n t  c o m b in a t io n s  
o f  c h a r a c t e r s  s e l e c t e d  on  t h e  b a s i s  o f  d i f f e r e n t  c r i t e r i a *

C r i t e r i o n  o f s e l e c t i o n

S i
Mrt -  h 2 r g r p

C h a r a c te r s R2 C h a r a c te r s R2 C h a r a c t e r s  . R2

1 *8 0 .2 6 5 4 X7 ■ 0 ,8 6 2 X13 0 ,5 9 2 3

2 V X16
0 ,3 7 8 8 X7 ' X13

0 ,6 0 3 2 0 ,7 1 4 1

3 X8 ,X 1 6 'X3 0 ,4 9 9 6 0 .6 5 0 7 X i3 ,X 9 ,X i o 0 .7 3 0 4

4 X8 * X1 6 'X3 ?X11
0 .5 2 3 5 0 .7 4 9 1 X1 3 'X9 ' X1 0 -X15 0 .7 7 1 2

5 X8 ' X1 6 ,X 3 ' X1 1 ,X 10.
0 .6 8 1 9 X7 ' X1 3 'X1 7 'X9 ' X 10 0 .7 5 6 8 X13 » X9 ' X10*X1 5 'X17 Q ;7 8 8 1

6 X8 ' X1 6 'X3 '  Xl l ' X1 0 'X17 0 .7 1 2 8 X7 ' X1 3 #X1 7 #X9 ' X1 0 ' 
. ■ ■ X16 0 .7 5 6 8

X1 3 'X9 *X1 0 'X1 5 ,X 17
X16 0 .7 8 8 4

7 * 8 '* 1 6 * * 3 ' * 1 1 '* 1 0 ' * 1 7 '^
0 .7 4 2 1 X7 *X1 3 #Xl 7 ,X 9 /X 1 0 i 

. X1 6 'X8 0 .7 5 6 9
X1 3 ,X 9 #X1 0 ' X1 5 ' X17 

. Xl 6 fX 8 0 .7 8 8 4

8 X8 ' X1 6 'X3 ,X 1 1 'X1 0 'X1 7 'X13
X5 0 .7 4 4 3

t  ̂ ^  7  * ^  q *

X1 6 #X8 ' X15 0 .7 8 9 6
X1 3 #X9 #X1 0 #X1 5 #X17 

X1 6 'X8 ' X1 0 .7 8 8 6

C o n t d .*•»

CO
©



Table 9 (contd.)

C r i t e r i o n ,  o f  s e l e c t i o n

h 2  r g h 2 r- P Go G.

C h a r a c te r s R2 C h a r a c t e r s R2 . C h a r a c t e r s R2

X16 0 .3 4 2 2 X13 0 .5 9 2 3 X16 ' 0 .3 4 2 2

X1 6 - X8 ' 0 .3 7 8 7 Xl 3 f X16- 0 ,5 9 8 9 , Xl 6 fX 3 0 .4 4 1 2

X1 6 ,X 8 ,X 17 0 .5 1 2 4 X1 3 ,X 16 #X10 0 .6 9 5 1 X1 6 ,X 3* X1 0 .5 0 5 3

X1 6 'X8 ,X 1 7 #X10 0 .6 6 5 2 Xl 3 ' Xl 6 tfX1 0 *Xl 7 0 .7 1 3 9 Xj^g » X3 t X^ t Xg 0 .5 3 5 8

X1 6 #X8 ' X1 7 'X1 0 ,X 9 0 .7 0 4 7 X1 3 'X1 6 'X1 0 ,X 1 7 'X8 C .7 1 43 X1 6 ' X3 ' Xl # X8 ' X10
0 .5 3 5 8

X1 6 ' X8 flXl 7 ' XlO ,X 9 #X15 0 .7 6 7 4 X13 '  X1 6 '  X1 0 ' X1 7 ' X8
: . x 9 0 .7 5 2 5 X1 6 ,X 3 ' X1 ' X8 /X 1 0 'X15 0 .6 9 3 3

X1 6 * X8 ' X1 7 ,X 1 0 #X9 ' X1 5 #X1 0 .7 6 9 9 x i 3 ' x i 6 ' x i o ' x i 7 # x 8 '
x g , x 15 0 .7 8 8 4 * 1 6 ' * 3 1 X1 '  X8 ' X1 0 * '

X17 0 .6 9 5 5

X1 6 'X8 ' X1 7 ,X 1 0 #X9 ' X1 5 #X1
X5 0 .7 7 2 1

X13 * X16 '  X10 '  X1 7 ' X8 ' 
Xg# X^2» X l 0 .7 8 3 6

X1 6 * * 3  * X1 '  X8* X10 '  X15 '  
X1 7 'X5 0 .7 0 0 7

GO
M
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As e x p e c t e d  in  a l l  g ro u p s  c o e f f i c i e n t  o f  d e t e r m in a t io n  

w ere  fo u n d  t o  in c r e a s e  w it h  an in c r e a s e  in  t h e  num ber o f  

v a r i a b l e s -  The m od e l w ith  f i v e  c h a r a c t e r s  s e l e c t e d  in  

a c c o r d a n c e  w it h  t h e  r e l a t i v e  m a gn itu d es  o f  p h e n o t y p ic  

c o r r e l a t i o n  c o e f f i c i e n t  e x p la in e d  maximum am ount o f  

v a r i a t i o n  (7 8 .8 1 % ) . B ut f o r  th e  same num ber o f  v a r ia b le s  

p e r c e n t a g e  v a r i a t i o n  e x p la in e d  b y  th e  o t h e r  p h e n o t y p ic  

i n d i c e s *  w i t h  d i f f e r e n t  c r i t e r i a  o f  s e l e c t i o n  ra n g e d  

fro m  0 .6 8 1 9  t o  0 .7 5 6 8 .  S e l e c t i o n  b a s e d  on  g e n o t y p i c  

c o r r e l a t i o n  c o e f f i c i e n t  was th e  n e x t  i n  e f f i c i e n c y  t o  

t h a t  b a s e d  on th e  p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  

and t h e  d i f f e r e n c e  b e tw een  th e  tw o m eth od s was n o t  s t a t i s 

t i c a l l y  s i g n i f i c a n t .  The g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t  

a l s o  ca n  b e  u se d  f o r  t h e  same p u r p o s e . H ence i t  c o u ld  b e  

i n f e rv d z ) t h a t  a b s o lu t e  v a lu e  o f  p h e n o t y p ic  c o r r e l a t i o n  

w it h  y i e l d  i s  th e  m ost e f f e c t i v e  c r i t e r i o n  f o r  c h o o s in g  

c h a r a c t e r s  f o r  c o n s t r u c t i n g  p h e n o t y p ic  s e l e c t i o n  i n d i c e s .

4 . 3 . 2 .  GENOTYPIC SELECTION INDEX

U sin g  t h e  s i x  c h a r a c t e r s  s e l e c t e d  th r o u g h  p r i n c i p a l  

com p on en t a n a ly s is *  g e n o t y p i c  s e l e c t i o n  i n d i c e s  w ere 

c o n s t r u c t e d  f o r  a l l  p o s s i b l e  c o m b in a t io n s  o f  t h e  c h a r a c t e r s  

and e x p e c t e d  g e n e t i c  a d v a n ce  and p e r c e n t a g e  r e l a t i v e  

e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n  e s t im a t e d  f o r  e a ch  o f



T a b le  1 0 . S e l e c t i o n  I n d i c e s  f o r  t h e  d i f f e r e n t  c o m b in a t io n s  o f  c h a r a c t e r s  
s e l e c t e d  t h r o u g h  P r i n c i p a l  co m p o n e n t  a n a l y s i s ,  t h e i r  r e s p e c t i v e  
e x p e c t e d  g e n e t i c  a d v a n ce s  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c i e s  
o v e r  s t r a i g h t  s e l e c t i o n .

S I .

N o .

G e n o t y p ic  s e l e c t i o n  in d e x G .A ,
P e r c e n t a g e  
r e l a t i v e  . 
e f f i c i e n c y

1 I s O .T O l lX ^ 1 0 .1 8 3 6 1 0 5 ,6 7

2 X s 1 ,4 7 9 9 X Q + 0 .6 0 6 9 X 16 1 3 ,6 3 7 6 1 4 1 .5 1

3 I 53 1 . 7 1 0 5 X q  - 0 . 1642X 14 + 0 ,6 5 9 3 X 16 1 4 ,9 1 9 7 1 5 4 .8 1

4 I - 0 . 9 5 4 8 X3 + 1 .6 6 7 7 X g « * 0 .1 8 9 9 X 14 + 0 .6 7 7 2 X 15 . 1 5 .1 0 1 0 1 5 6 .6 9

5 X S3 0 .95 07X 3  - 0 .0 1 9 8 X y + 1 .6 4 4 2 X g  - 0 .4 3 3 9 X 14 + 0 .6 6 3 9 X 16 1 5 .1 3 0 4 1 5 7 .0 0

6 X =3 0 . 8 7 5 4 X3 - 0 .0 5 3 3 X ? + 1 .7 4 3 1 X Q - 4 .3 4 9 7 X 1X -  0 .0 0 2 6 X 14

+ 0 . 6 4 9 4 X i 6 1 5 .1 7 7 6 1 5 7 .4 9

CO
CO
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t h e  d i f f e r e n t  i n d i c e s .  Prom e a c h  o f  t h e  d i f f e r e n t  s e t s  

o f  c o m b in a t io n s  o f  c h a r a c t e r s  t h e  m ost e f f i c i e n t  in d e x  

was i d e n t i f i e d  as th e  one w h ic h  r e s u l t e d  in  th e  h ig h e s t  

p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n .

The m ost e f f i c i e n t  i n d i c e s  f o r  d i f f e r e n t  m od e ls  in v o l v i n g  

v a r y in g  num ber o f  c h a r a c t e r s  t h e i r  e x p e c t e d  g e n e t i c  

a d v a n ce s  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c i e s  a r e  g iv e n  

i n  t a b l e  1 0 .

Among t h e  d i f f e r e n t  i n d i c e s  t h e  t h r e e  p a r a m e t r ic  

in d e x .  I  = 1 .7 1 0 5  Xg -  0 ,1 6 4 2  X u  + 0 .6 5 9 3  ( 4 .1 )

had r e s u l t e d  in  r e l a t i v e l y  h ig h  g e n e t i c  a d v a n ce  (1 4 .9 1 9 7 )  

and r e l a t i v e  e f f i c i e n c y  (1 5 4 ,8 1 )  v iith  c o m p a r a t iv e ly  l e s s e r  

num ber o f  v a r i a b l e s .  Thus t h i s  in d e x  ca n  b e  i d e n t i f i e d

as t iie  b e s t  among th e  c l a s s  o f  i n d i c e s .

The g e n o t y p i c  s e l e c t i o n  in d e x  c o n s t r u c t e d  w ith  a l l  

th e  s i x  c h a r a c t e r s  i s  i n d i c a t e d  i n  4 .3  

I  = 0 .8 754X g  -  0 .0 5 3 3 ? ^  + 1 .7 4 3 1XQ-  4 .3 4 9 7 X 1;L

-0 .0 0 2 6 X 14 + 0 .6 4 9 4 X 16 (4 . 2 )

The e x p e c t e d  g e n e t i c  a d v a n ce  o f  t h e  in d e x  was 1 5 .1 7 7 6  and 

th e  p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  1 5 7 .4 9  '

In  a l l  th e  a b ove  s e l e c t i o n  i n d i c e s  y i e l d  was n o t

ta k en  i n t o  a c c o u n t  as an e x p la n a t o r y  v a r i a b l e s . S e l e c t ! o n
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i n d i c e s  w ere  a l s o  c o n s t r u c t e d  b y  i n c o r p o r a t i n g  y i e l d  

a l s o  as an a d d i t i o n a l  v a r i a b l e  in  e a c h  o f  th e  a bove  

s e l e c t e d  m o d e ls .  I t  was fo u n d  t h a t  s e l e c t i o n  i n d i c e s  

c o n s t r u c t e d  b y  c o n s id e r in g  y i e l d  a l s o  as an a d d i t i o n a l  

v a r i a b l e  w ere , m ore e f f i c i e n t  th a n  t h o s e  w it h o u t  c o n 

s i d e r i n g  y i e l d .  The new s e l e c t i o n  i n d i c e s  in c o r p o r a 

t i n g  y i e l d  as a d d i t i o n a l  v a r ia b le #  th e  e x p e c t e d  

g e n e t i c  a d v a n ce s  o f  th e  i n d i c e s  and th e  p e r c e n t a g e  o f  

r e l a t i v e  e f f i c i e n c i e s  o f  in d e x  s e l e c t i o n  o v e r  s t r a i g h t  

s e l e c t i o n  a re  g iv e n  i n  t a b l e  1 1 .

P e r c e n ta g e  r e l a t i v e  e f f i c i e n c i e s  o f  i n d i c e s  

ra n g e d  fr o m  1 9 9 .7 5  t o  2 5 5 .2 7 .  Among th e  s e l e c t i o n  

i n d i c e s  th e  m ost e f f i c i e n t  in d e x  v/as ’ :

I  a 0 .3 3 5 8  Y + 2 . 4 9 l i x 8 -  0 .4 8 6 9 X l4  + 0 .8 4 2 2 X 16 (4 .3 )

The e x p e c t e d  g e n e t i c  a d v a n ce  o f  th e  in d e x  was .

2 4 .1 1 0 2  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  2 5 0 .1 8

A s im p le  in d e x  w it h  tw o v a r i a b l e s  y i e l d  and h e ig h t  . 

o f  th e  p l a n t  g iv e n  in  4 .4  was a l s o  fo u n d  t o  b e  m ore 

e f f i c i e n t  th a n  d i r e c t  s e l e c t i o n .

I  = 0 .4 3 6 6 Y  + 0 .9 1 8 2 X 16 (4 .4 )



T a b le  1 1 . G e n o t y p ic  s e l e c t i o n  i n d i c e s  f o r  th e  d i f f e r e n t  c o m b in a t io n  o f  
c h a r a c t e r s  s e l e c t e d  th r o u g h  p r i n c i p a l  com p on en t a n a l y s i s  and 
y i e l d ,  t h e i r  r e s p e c t i v e  e x p e c t e d  g e n e t i c  a d v a n ce s  and p e r c e n t a g e  
r e l a t i v e  'tC L ffe re n ce s  o v e r  s t r a i g h t  s e l e c t i o n .

P e r c e n t a g e  
G .A . r e l a t i v e

e f f i c i e n c y

1 I s
zs 0 .5 l 7 5 y 9 ,6 3 6 9 1 0 0 .0 0

2 I zs 0 .4 3 6 6 y + 0 .9 1 8 2 X 16 1 9 ,2 5 0 5 1 9 9 .7 5

3 I = 0 . 3 4 48 y + 2 .1 9 1 2 X 8 + 0 .7 6 2 4 X , - 16 2 2 .8 6 5 0 2 3 7 .2 6

4 I = 0 .3 3 5 8 y + 2 .4 9 1 1 X 0 - 0 .4 8 6 9 X 14 + 0 .8 4 2 2 X i6 2 4 .1 1 0 2 2 5 0 .1 8

5 1 0 .2 3 6 2 y 2 .6 5 4 3 X q - 0 .4 9 8 6 X 14 + 0 .8 9 2 6 X i6 -f- 1 . 3086X_ 2 4 .5 6 2 7 2 5 4 .8 8

6 I 0 .2 4 7 7 y ** 2 .3 5 4 2 X ? + 2 .5 6 1 3 X q + 0 .0 8 3 6 X i4 + 0 .8 5 Q 9 X l 6 ■

+ 1 .7 3 6 2 X 3 2 4 .5 6 9 5 2 5 4 .9 5

7 x i = 0 .2 4 2 9 y - 3 .1 4 2 3 X 7 2 . 7406X q + 0 .1 5 8 4 X 14 + 0 .9 7 3 0 X 16

+ 7 . 2360X 11 + 2 .3 7 8 5 X 3 2 4 .6 0 0 4 2 5 5 .2 7

s l„  * G e n o t y p ic  s e l e c t i o n  in d e xWo.

CO
CD
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The e x p e c t e d  g e n e t i c  a d v a n ce  fr o m  t h i s  in d e x  was 

1 9 .2 5 0 5  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  1 9 9 ,7 5

The g e n o t y p ic  s e l e c t i o n  in d e x  w it h  th e  s e l e c t e d  

s i x  c h a r a c t e r s  i n c o r p o r a t i n g  y i e l d  as an a d d i t i o n a l  

v a r i a b l e  i s  i n d i c a t e d  i n  ( 4 .5 )

X 1  ~  0 .2 4 2 9 Y  -  3 . 1 4 2 3 +  2 .7 4 0 6 X Q

+ 0 .1 5 8 4 X 14 + 0 .9 7 3 0 X 16 + 7 .2 3 6 0 X U  

+. 2 .37 85X 2  ( 4 .5 )

The e x p e c t e d  g e n e t i c  a d v a n ce  fr o m  1^ was fo u n d  t o  b e  

2 4 .6 0 0 4  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y ,  255*27

The c h a r a c t e r s  s e l e c t e d  u s in g  p a t h - c o e f f i c i e n t  

a n a ly s i s  w ere  a l s o  u s e d  t o  c o n s t r u c t  g e n o t y p i c  s e l e c t i o n  

i n d i c e s - .  The c h a r a c t e r s  in c lu d e d  i n  t h e  s t u d y  w ere  le n g t h  

o f  s e c o n d a r y  f i n g e r ,  g i r t h  o f  m oth er rh iz o m e  a t  c e n t r e ,  

l e n g t h  o f  p r im a r y  f i n g e r ,  le n g t h  o f  l a s t  f u l l y  o p e n e d  

l e a f ,  h e ig h t  o f  th e  p l a n t  and number o f  l e a v e s  p e r  t i l l e r .



T a b le  12* The m ost e f f i c i e n t  g e n o t y p i c  s e l e c t i o n  i n d i c e s  f o r  t h e  s p e c i f i c  co m b in a 
t i o n  o f  c h a r a c t e r s  s e l e c t e d  th r o u g h  p a t h  a n a l y s i s ,  t h a i r  r e s p e c t i v e  
g e n e t i c  a d v a n ce s  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c i e s  o v e r  s t r a i g h t  
s e l e c t i o n *

S i*
HO*

G e n o t y p ic  s e l e c t i o n  in d e x G* A* P e r c e n t a g e
r e l a t i v e
e f f i c i e n c y

1 I EE 0 .7 0 1 1 *1 6 1 0 .1 8 3 6 1 0 5 .6 7

2 I ■5 1 .4 7 9 9 *13  * 0 .6 0 6 9 * 1 6  . 1 6 .9 2 4 5 1 7 5 .6 2

3 X a 2 .2 3 2 2 X3 + 0 .2 3 9 4 X13 + 0 .7 1 2 0 X16 2 0 .7 5 9 0 2 1 5 .4 1

4 I =* 2 .1 6 1 4 X8 + 1 .1 2 3 2 X10 +
0 .2 0 9 6 X13 0 .7 4 4 1 X16 2 2 .3 2 3 0 2 3 1 .6 4

5 I Ofl 2 .0 2 8 9 X3 + 0 .9 4 0 0 X10 * 0 .1 0 9 3 '*13 + 0 .6 7 3 4 X16 +  3 .5 3 5 9 X 1 ?  2 3 .6 4 8 0 2 4 5 .3 9

6 X • 1*1 047 *1 + 2 .0 9 1 0
X 8  + 0 .6 8 1 7 X1Q * 0 .0 9 6 0 X13 +  0 .6 8 6 3  g

3 .5 6 4 5 X17
2 4 .3 2 0 0 2 5 2 .3 6

00
00
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G e n o ty p ic  s e l e c t i o n  i n d i c e s  w ere  c o n s t r u c t e d  f o r  a l l  

c o m b in a t io n s  o f  t h e  a b ove  c h a r a c t e r s  and g e n e t i c  a d v a n ces  

and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c i e s  w ere  e s t im a te d *

The m ost e f f i c i e n t  s e l e c t i o n  i n d i c e s  c o r r e s p o n d in g  t o  

v a r y in g  num ber o f  c h a r a c t e r  c o m b in a t io n s #  t h e i r  e x p e c t e d  

g e n e t i c  a d v a n ce s  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c i e s  

o v e r  s t r a i g h t  s e l e c t i o n  a r e  g iv e n  in  t a b l e  1 2 .

Among th e  s e l e c t i o n  i n d i c e s  th e  m ost e f f i c i e n t  

in d e x  was . .

I  = 1 .1 0 4 7 X 1 + 2 *0910Xg + 0 .6 8 1 7 X 10 + 0 .0 9 6 0 X 13

+ 0 .6 8 6 3 X 16 + 3 .5 6 4 5 X 1 ?  (4 .6 )

The e x p e c t e d  g e n e t i c  a d v a n ce  fr o m  t h i s  in d e x  was fo u n d  

t o  b e  2 4 .3 2  w it h  p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  o v e r  

s t r a i g h t  s e l e c t i o n  2 5 2 .3 6

A s im p le  in d e x  w it h  t h r e e  v a r i a b l e s  i s  as i n d i 

c a t e d  i n  4 .7

I  => 2 .2 3 2 2 X q + 0 .2 8 9 4 X 13 + 0 .7 l2 0 X 16 (4 .7 )

F o r  t h i s  in d e x  e x p e c t e d  g e n e t i c  a d v a n ce  and 

p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n  

w ere  2 0 .7 5 9 0  and 2 1 5 .4 1  r e s p e c t i v e l y .

G e n o ty p ic  s e l e c t i o n  i n d i c e s  w ere a l s o  c o n s t r u c t e d  

b y  i n c o r p o r a t i n g  y i e l d  as an a d d i t i o n a l  v a r i a b l e  in  e a c h



T a b le  1 3 .  The m o st  e f f i c i e n t  9 e n o t YP^G s e l e c t i o n  i n d i c e s  f o r  t h e  s p e c i f i c
c o m b in a t io n  o f  c h a r a c t e r s  s e l e c t e d  t h r o u g h  p a t h  a n a ly s i s  and y i e l d ,  
t h e i r  r e s p e c t i v e  g e n e t i c  a d v a n ce s  and p e r c e n t a g e  r e l a t i v e  .
e f f i c i e n c i e s  o v e r  s t r a i g h t  s e l e c t i o n .

S I .
N o.

G e n o ty p ic  s e l e c t i o n  :In d ex • G .A . P e r c e n t a g e
r e l a t i v e
e f f i c i e n c y

1 I s
=K 0 .5 1 8 5 y 9 .6 3 6 9 1 0 0 .0 0

2 I £3 0 .4 3 3 6 y  +  0 .9 l8 2 X l6 1 9 .2 5 0 5 1 9 9 .7 5

3 I =3 Q*4B04y + 0 .4 1 9 6 X 13 + 1 .0 4 2 9 X 16 2 6 .4 4 1 8 2 7 4 .3 8

4 I s 0 .3 8 7 7 y  + 2 .8 6 6 O X 0 + 0 .3 3 9 1 X 13 + 0 .8 1 7 4 X 16 3 0 .3 4 4 4 3 1 4 .8 7

5 I — 0 .2 3  8 2 y  + 2 . 6376X Q . o + 0 .2 6 7 1 X 13 + 0 .7 4 9 4 X , ,  . 16 + 4 .8 0 8 8 X 17 3 1 .7 6 4 3 3 2 9 .6 1

6 I ss 0 .0 9 6 7 y  + 2 .5 9 0 3 X Q + 1 .4 4 8 2 X 10 + 0 . 2823X  . + 0 .8 0 5 0 X 1q
3 3 .3 5 5 4 3 4 6 .1 2

+ 4 .8 0 9 1 X , „  17
7 I 2

a 0 .0 3 0 6 y  + i .8 3 6 0 X 1 + 2 .7 3 9 1 X Q + 1 .0 3 2 5 X 10 + 0 .2 5 5 2 X 13
3 4 .1 9 5 0 3 5 4 .8 4

+ o . s s s i x ^ + 4 .9 6 4 3 X 17

CD
O
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o f  th e  a b o v e  s e l e c t i o n  m o d e ls . I t  was fo u n d  t h a t  s e l e 

c t i o n  i n d i c e s  c o n s t r u c t e d  b y  c o n s id e r in g  y i e l d  a l s o  as 

an a d d i t i o n a l  v a r i a b l e  w ere  m ore e f f i c i e n t  th a n  t h o s e  

w it h o u t  c o n s id e r in g  y i e l d .  The new s e l e c t i o n  i n d i c e s  

i n c o r p o r a t i n g  y i e l d  as an a d d i t i o n a l  v a r i a b l e ,  th e  . 

e x p e c t e d  g e n e t i c  a d v a n ces  and p e r c e n t a g e  r e l a t i v e  

e f f i c i e n c i e s  o v e r  s t r a i g h t  s e l e c t i o n  a r e  g iv e n  i n  

t a b l e  13.-

The m ost e f f i c i e n t  s e l e c t i o n  in d e x  was 

I 2  = 0 .0 3 6 0 Y  + 1 .8 3 6 0 X 1 + 2 .7 3 9 1 X Q + 1 .0 3 2 5 X 10

+ 0 .2 5 5 2 X 13 + 0 .8 3 8 1 X 16 + 4 .9 6 4 3 X 1 ?  (4 .8 )

F o r  t h i s  in d e x  I ^ ,  e x p e c t e d  g e n e t i c  a d v a n ce  and 

P e r c e n ta g e  r e l a t i v e  e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n  

w ere  2 4 .1 9 5 0  and 354*84  r e s p e c t i v e l y .  A s im p le  and 

e f f i c i e n t  in d e x  i n c o r p o r a t i n g  y i e l d  as an a d d i t i o n a l  

v a r i a b l e  i s

I  «  0 .3 8 7 7 Y  + 2 .8 6 6 0 X e + 0 .3 3 9 iX l 3  + 0 .8 l7 4 X l 6  ( 4 .9 )

w it h  g e n e t i c  ad va n ce  3 0 .3 4 4 4  and P e r c e n ta g e  r e l a t i v e  

e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n  3 1 4 .8 7 .

On co m p a r in g  th e  r e l a t i v e  e f f i c i e n c i e s  o f  th e

m ost e f f i c i e n t  s e l e c t i o n  i n d i c e s  I .  and I * ,  t h e  in d e x
1 2

w h ich  was c o n s t r u c t e d  u s in g  th e  c h a r a c t e r s  s e l e c t e d



T a b le  1 4 . D i f f e r e n t  sy s te m s  o f  w e ig h t in g ,  c o r r e s p o n d in g  s e l e c t i o n  i n d i c e s ,
t h e i r  r e s p e c t i v e  e x p e c t e d  g e n e t i c  a d v a n ce s  and p e r c e n t a g e  r e l a t i v e  
e f f i c i e n c i e s

S i .
No.,

S ystem  o f  w e ig h t in g S e l e c t i o n  in d e x G .A . P e r c e n t 
a g e  r e l a 
t i v e  e f f i  
c i e n c y

1 E q u a l w e ig h ta g e  t o  a l l  
c h a r a c t e r s

2  P r o p o r t i o n a l  t o  
h e r i t a b i l i t y

3 P r o p o r t i o n a l  t o
g e n o t y p i c  c o r r e l a t i o n

X = 1 .1 0 4 7 X 1 + 2 .0910X g + 0 .6 8 1 7 X 10 
+ 0 .0 9 6 0 X 13 + 0 .6 8 6 3 X 16 + 3 .5 0 4 5 X iy

0 .6 3 5 7 X 1 + 1 .3873X Q + 0 .3 6 9 3 X 1Q 
+ 0 .0 1 8 8 X 13 + 0 .4 7 6 5 X 16 + 2 .1 8 3 8X l7

0 .7671X ;L + 1 .5429X Q -j- 0 .5 3 5 3 X 1Q 
+ 0 .1 0 5 5 X 13 + 0 .4 8 5 9 X 19 + 2 .7 81 0X 1?

2 4 .3 2 0 0 2 5 2 .4

1 5 .4 6 9 4  1 6 0 .5

1 5 .7 3 9 5  1 6 3 .3

4 P r o p o r t i o n a l  t o  p h e n o 
t y p i c  c o r r e l a t i o n

X = 0 • 6 7 9 l X 1 + 1 .2 9 5 3 X g  + 0 .5 0 4 6 X 1Q

+ 0 .1 0 5 3 X 1 3  + 0 * 4 0 2 6 X 1 6  + 2 .3 8 9 7 X l 7 1 8 .3 4 4 2  1 9 0 .4

5 P r o p o r t i o n a l  t o  p r o d u c t  I  =* 
o f  h e r i t a b i l i t y  and 
g e n o t y p i c  c o r r e l a t i o n

4-a
6  P r o p o r t i o n a l Ap r o d u c t  I  =

o f  h e r i t a b i l i t y  and - 
p h e n o t y p ic  c o r r e l a t i o n

0 .4 4 6 1 3 ^  + 1 .0 1 3 3 X g  +  0 .2 9 0 5 X 1Q 

+ 0 ,.0 349X 13 + 0 .3 3 6 3 X 16 + 1 .7 0 9 9 X l 7

0 .3 8 9 9 X . +  0 .8 4 6 3 X q +  0 .2 7 4 3 X ,n ’ '
1  o  . XU ,

+ 0 .0 3 9 0 X 13 +  0 .0 2 7 9 X 16 + 1 .4 6 4 0 X l 7

1 1 .1 5 5 2  1 1 9 .9

1 0 .0 5 5 2  1 0 4 .3

to
ro
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th r o u g h  P a t h - c o e f f i c i e n t  a n a ly s i s  was m ore e f f i c i e n t  

th a n  th e  in d e x  1 ^ w h ich  was c o n s t r u c t e d  u s in g  th e  

c h a r a c t e r s  s e l e c t e d  th r o u g h  P r i n c i p a l  com p on en t a n a l y s i s .  

Thus p a t h - c o e f f i c i e n t  a n a ly s i s  seem ed  t o  b e  a b e t t e r  

m eth od  f o r  i d e n t i f y i n g  th e  m a jo r  y i e l d  com p on en ts  th a n  

p r i n c i p a l  com p on en t a n a ly s is  in  c o n s t r u c t i n g  s e l e c t i o n  

m o d e ls . ’

S e l e c t i o n  I n d i c e s  w ere  fo rm e d  b y  u s in g  V a r io u s  

sy stem s o f  w e ig h t in g  and t h e i r  r e l a t i v e  e f f i c i e n c i e s  o v e r  

s t r a i g h t  s e l e c t i o n  w ere co m p a re d . S e l e c t i o n  i n d i c e s  b a s e d  

on  d i f f e r e n t  sy s te m  o f  w e ig h t in g ,  t h e i r  e x p e c t e d  genet^Lc 

a d v a n ces  and p e r c e n t a g e  r e l a t i v e  e f f i c i e n c i e s  a r e  g iv e n  

i n  t a b l e  1 4 . From t h e  t a b l e  i t  c o u l d  b e  s e e n  t h a t  th e  

s y s te m  o f  a s s ig n in g  e q u a l  e c o n o m ic  im p o r ta n c e  t o  a l l  

s e l e c t e d  c h a r a c t e r s  was fo u n d  t o  p r o d u c e  t h e  m ost e f f i 

c i e n t  i n d i c e s .  The o t h e r  sy s te m s  o f  w e ig h t in g  w ere  fo u n d  

t o  b e  i n e f f i c i e n t  when com p a red  t o  th e  s y s te m  o f  e q u a l „ 

e c o n o m ic  w e lg h ta g e .

4 . 3 . 3 .  RESTRICTED SELECTION INDEX

The r e s t r i c t e d  s e l e c t i o n  in d e x  c o n s t r u c t e d  t o  t h e  

e x p e r im e n t a l  d a t a  b y  r e s t r i c t i n g  th e  L e n g th  o f  th e  

s e c o n d a r y  f i n g e r  i s  g iv e n  b e lo w .



The In d e x  f i t t e d  was 

I 3  «  0 .3 1 3 4 X 1 + 2 .9 4 1 5 X q  + 0 .2 7 2 4 X g  -  0 .4 7 5 1 X 1Q 

-  6 .3 2 7 9 X 13 + 2 .9 3 1 2 X 2  + 6 .2 1 5 2 X 16 

+ 3 .8 2 1 6 X 1 ? (4 .1 0 )

The e x p e c t e d  g e n e t i c  a d v a n ce  b y  r e s t r i c t e d  s e l e c t i o n  

was a l s o  w ork ed  o u t .  A s^ tpected , t h e r e  was n o  g a in  In
t

g e n e t i c  a d v a n ce  th ro u g h  r e s t r i c t e d  s e l e c t i o n .  The 

e s t im a t e s  o f  th e  g e n e t i c  a d v a n ce  f o r  v a r io u s  c h a r a c t e r s  

e x p e c t e d  th r o u g h  r e s t r i c t e d  s e l e c t i o n  a r e  as g iv e n  b e lo w .

C h a r a c te r  g . a .

, X1  - 0 .6 2 8 2

Xg 0 .2 1 3 0

X9  2 .1 9 9

X1 0  - 0 .5 7 8 7

Xl 3  0 .2 5 7 8

X l 5  0 .8 2 3 5

X1 6  9 .9 5 8 7

X1 ?  0 .3 1 8 4

U sin g  th e  s e l e c t i o n  in d e x  th e  in d e x  s c o r e  

f o r  e a c h  v a r i e t y  was d e te r m in e d  an d  th e  v a r i e t i e s  w ere  

ra n k ed  a c c o r d i n g l y .  The I n d e x  s c o r e s  o f  d i f f e r e n t  V a r ie 

t i e s  a r e  p r e s e n t e d  in  t a b l e  1 5 .
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T a b le 1 5 . In d e x  s c o r e s  c a l c u l a t e d  t o  th e  
v a r i e t i e s  o f  t u r m e r ic

d i f f e r e n t

S i .  No
w it h
Rank

o
V a r ie t y In d e x

s c o r e

1 K uchupudi 155 • 0629

2 C hayapasupa 1 5 4 .1 8 3 0

3 G .L .P u r a m -I I 1 5 1 .0 7 0 4

4 A rm oor 1 5 0 .5 5 5 1

5 K odur 1 5 0 .1 9 6 5

6 D u g g ir a la 1 4 8 .4 2 7 9

7 N an dyal 1 4 7 .5 3 5 4

8 A m ruthapan i K o th a p e ta 1 4 5 .0 6 8 0

9 A m ruthapani K o th a p e la  C l1 -3 1 7 1 4 3 ,6 0 0 3

1 0 K a s t u r i  Tanuka 1 4 1 ,9 2 7 4

1 1 M annuthy l o c a l 1 4 1 .0 1 0 4

1 2 R aj a p u r i 1 3 7 .2 1 0 5

13 V o n t im it t a 1 3 1 .0 3 6 2

14 D in d r ig a m  C a-69 1 2 6 .1 8 6 1

15 D u g g ir a la  C I I -3 2 5 1 2 5 .1 0 6 2

16 Amalapuram 1 1 8 .9 0 4 2

17 G .L .P u ra m -I 1 1 7 .8 6 3 3

18 T e k u rp e ta 1 1 7 .6 5 8 5

19 A rm oor C 1 1 -3 2 4 1 0 4 .8 7 0 2



On th e  b a s i s  o f  th e  in d e x  s c o r e s  f i v e  

v a r i e t i e s  v /ere  i d e n t i f i e d  as p r o m is in g  v a r i e t i e s  

w h ich  c o n s t i t u t e d  th e  b e s t  25 p e r  c e n t  o f  t h e  

p o p u l a t i o n  o f  v a r i e t i e s .  The s e l e c t e d  v a r i e t i e s  

t o g e t h e r  w it h  t h e i r  r e s p e c t i v e  in d e x  s c o r e s  a re  

g iv e n  b e lo w .

1 . K uchupudi (1 5 5 .0 6 2 9 )

2 . C hayapasupa (1 5 4 .1 8 3 )

3 . G .L .P u r a m -I I (1 5 1 .0 7 0 4 )

4 . A rm oor (1 5 0 .5 5 5 1 )

5 . K odur (1 5 0 .1 9 6 5 )



DISCUSSION
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, I t  i s  now w e l l  r e c o g n i s e d  t h a t  t h e  lo w  p r o d u c t i 

v i t y  o f  c r o p s  ca n  b e  g r e a t l y  im p roved  b y  s e l e c t i v e  

b r e e d in g .  S t a t i s t i c a l  m eth ods p l a y  a p i v o t a l  r o l e  i n  

th e  e v o l u t i o n  o f  s u i t a b l e  b r e e d in g  s t r a t e g i e s  f o r  y i e l d  

im p rov em en t. I n fo r m a t io n s  on  th e  g e n e t i c  v a r i a b i l i t y ,  

h e r i t a b i l i t y ,  i n t e r - r e l a t i o n s h i p s  among t h e  com p on en t 

c h a r a c t e r s  and th e  e x t e n t  o f  g e n e t i c  d iv e r g e n c e  among 

th e  g e n o ty p e s  a re  th e  n e c e s s a r y  p r e - r e q u i s i t e s  f o r  any 

c r o p  im p rovem en t program m e. The u se  o f  s e l e c t i o n  in d e x  

i n  su c h  a  b r e e d in g  p la n  w ou ld  s e r v e  a  tw o f o l d  p u r p o s e  

nam ely  t o  b r i n g  o u t  s im u lta n e o u s  g e n e t i c  p r o g r e s s  i n  

s e v e r a l  c h a r a c t e r s  an d  t o  I n p r o v e  y i e l d  th r o u g h  s e l e c t i o n  

f o r  r e l a t i v e l y  m ore h e r i t a b l e  c h a r a c t e r s .  D is c r im in a n t  

f u n c t i o n s  ( s e l e c t i o n  i n d i c e s )  a l s o  s e r v e  as r a t i o n a l  

y a r d - s t i c k s  f o r  th e  d i s c r i m i n a t i o n  o f  d e s i r a b l e  g e n o ty p e s  

fr o m  u n d e s i r a b le  on es  b a s e d  on t h e  p h e n o t y p ic  p e r fo rm a n ce  

o f  th e  I n d i v i d u a l s • When a l a r g e  num ber o f  v a r i a b l e s  a re  

t o  b e  e n c o u n t e r e d  i n  t h e  s t u d y  o f  v a r i a b i l i t y  i n  any p l a n t  

s p e c i e s  and t h e  n a tu r e  o f  t h e i r  i n t e r - r e l a t i o n s  a re  

unknown, t h e s e  d i f f e r e n t  v a r i a b l e s  w o u ld  make th e  r e s u l t  

am biguous and c o n fo u n d e d . C o n s t r u c t io n  o f  s e l e c t i o n  

i n d i c e s ,  a l s o  becom e u n n e c e s s a r i l y  cum bersom e i f  some o f

5. DISCUSSION
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t h e  l e s s  im p o r ta n t  v a r i a b l e s  w ere  n o t  l e f t  o u t  b y  

way o f  som e k in d  o f  p r e l im in a r y  s c r e e n i n g .  Two p o p u la r  

m u l t i v a r i a t e  t e c h n iq u e s  n am ely  p r i n c i p a l  com p on en t
. f i t

a n a ly s i s  and p a t h - c o e f f i c i e n t  a n a ly s is  a r e  g e n e r a l l y  

a p p l i e d  f o r  th e  i d e n t i f i c a t i o n  o f  im p o r ta n t  c h a r a c t e r s  

t h a t  m e r i t  s e l e c t i o n .  The r e l a t i v e  d i s c r i m i n a t i n g  

p ow ers  o f  t h e s e  two t e c h n iq u e s  w it h  r e g a r d  t o  th e  i s o l a 

tion and i d e n t i f i c a t i o n  o f  im p o r ta n t  v a r i a b l e s  h ave  n o t  

b e e n  a s s e s s e d  s o  f a r  on t h e  b a s i s  o f  a c t u a l  f i e l d  d a t a .  

F u r th e r , a t te m p ts  t o  in c r e a s e  rh izo m e  y i e l d  i n  t u r m e r ic  

have b e e n  v e r y  m eagre and f o r  s u c h  s t u d ie s  a c l e a r  u n d er

s t a n d in g  o f  r e l e v a n t  c h a r a c t e r s  w h ich  h a ve  p r o fo u n d  e f f e c t  

on  y i e l d  i s  v e r y  e s s e n t i a l .  The p r e s e n t  i n v e s t i g a t i o n  on  

t h e  a p p l i c a t i o n  o f  s t a t i s t i c a l  t e c h n iq u e s  t o  th e  b r e e d in g  

o f  t u r m e r ic  h as b e e n  u n d e r ta k e n  w it h  t h e  o b j e c t i v e  o f  

e v o lv in g  a s u i t a b l e  c r i t e r i o n  o f  s e l e c t i o n  on  t u r m e r ic  

and t o  com p are  t h e  tw o w id e ly  a c c e p t e d  t e c h n iq u e s  o f  

m u l t i v a r ia t e  a n a l y s i s .  V i z .  P r i n c i p a l  com p on en t a n a ly s is  

and p a t h - c o e f f i c i e n t  a n a ly s i s  w ith  r e s p e c t  t h e i r  d i s c r i 

m in a t in g  p o w e r  o f  i d e n t i f i c a t i o n  o f  p e r t i n e n t  c h a r a c t e r s .

. The e x p e r im e n ta l  d a t a  o f  a v a r i e t a l  t r i a l  on  t u r m e r ic  

i n v o l v i n g  19 v a r i e t i e s  c o n d u c te d  a t  t h e  C o l l e g e  o f  H o r t i 

c u l t u r e ,  V e l la n ik k a r a ,  T r i c h u r  d u r in g  t h e  y e a r  1 9 7 7 -1 9 7 8
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w ere  u t i l i s e d  f o r  t h i s  p u r p o s e .  The d a t a  w ere  s u b je c t e d  

t o  m u l t ip le  l i n e a r  r e g r e s s i o n  a n a ly s is #  p r i n c i p a l  com pon en t 

a n a ly s i s  and p a t h - c o e f f i c i e n t  a n a ly s is *  G e n e t ic  p a r a 

m e te rs  w ere  e s t im a t e d  th r o u g h  a n a ly s e s  o f  v a r ia n c e  and 

c o v a r ia n c e  t e c h n iq u e s  and s im p le  c o r r e l a t i o n  a n a ly s e s ,  

p la fln o ty p ic  and g e n o t y p i c  s e l e c t i o n  i n d i c e s  w ere  c o n s t r u c 

t e d  f o r  d i f f e r e n t  c o m b in a t io n s  o f  c h a r a c t e r s  and t h e i r  

r e l a t i v e  e f f i c i e n c i e s  o v e r  s t r a i g h t  s e l e c t i o n  e v a lu a te d *

A c o m p a r is o n  o f  p r i n c i p a l  com p on en t a n a ly s i s  and p a t h -  

c o e f f i c i e n t  a n a ly s i s  was a t te m p te d  w ith  r e s p e c t  t o  t h e i r  

r e l a t i v e  e f f i c i e n c y  i n  d i a g o n i s i n g  th e  m a jo r  y i e l d  ■ 

c o n t r i b u t i n g  c h a r a c t e r s  b y  w ay o f  g e n e t i c  a d v a n ce  t o  b e  , 

e j e c t e d  f o r  v a r io u s  c o m b in a t io n s  o f  c h a r a c t e r s .  A ttem p ts  

w ere  a l s o  made t o  s u g g e s t  s u i t a b l e  c r i t e r i o n  f o r  th e  

p r e l im in a r y  s c r e e n in g  o f  v a r i a b l e s  p r i o r  t o  c o n d u c t  o f  

any k in d  o f  m u l t i v a r ia t e  a n a ly s i s *  The s a l i e n t  r e s u l t s  

o b t a in e d  in  t h e  i n v e s t i g a t i o n  a re  d i s c u s s e d  b e lo w .

The rh izo m e  y i e l d  i n  t u r m e r ic  I s  c o n t r o l l e d  b y  a 

nurtiber o f  m o r p h o lo g ic a l  and rh izo m e  c h a r a c t e r s  • The 

i d e n t i f i c a t i o n  as w e ll-, as a s s e s s m e n t  o f  th e  m a gn itu d e  

o f  a s s o c i a t i o n  o f  c h a r a c t e r s  a re  im p o r ta n t  i n  d i r e c t i n g  

th e  b r e e d in g  e f f o r t s *  In  t h e  p r e s e n t  s t u d y  e f f o r t s  w ere 

made t o  e l u c i d a t e  th e  e s s e n t i a l  p r e - r e q u i s i t e s  f o r  s u b -  " 

s e q u e n t  i n v e s t i g a t i o n s  in  t u r m e r ic .  .
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In  g e n e r a l  th e  c h a r a c t e r s  e x h i b i t e d  w id e  ra n g e  

o f  v a r i a b i l i t y  b o t h  a t  p h e n o t y p ic  and g e n o t y p i c  l e v e l s *  

Maximum p h e n o t y p ic  c o e f f i c i e n t  o f  v a r i a t i o n  was d i s p la y e d  

b y  rh izo m e  y i e l d  and t h a t  was f o l l o w e d  b y  l e n g t h  o f  

s e c o n d a r y  f i n g e r  and h e ig h t  o f  th e  p la n t s  * ThU b r e a d t h  

o f  l e a f  a t  c e n t r e  r e c o r d e d  t h e  minimum p h e n o t y p ic  c o 

e f f i c i e n t  o f  v a r i a t i o n .  The maximum g e n o t y p i c  c o e f f i c i e n t  

o f  v a r i a t i o n  was o b s e r v e d  f o r  rh izo m e  y i e l d .  I t  was 

f o l l o w e d  b y  h e ig h t  o f  th e  p l a n t  and l e n g t h  o f  th e  

s e c o n d a r y  f i n g e r .  G e n o ty p ic  c o e f f i c i e n t  o f  v a r i a t i o n  

was n e g l i g i b l y  s m a ll  in  th e  c a s e  o f  num ber o f  n od es  p e r  

m oth er r h iz o m e , i n t e m o d a l  d i s t a n c e  o f  m o th e r  rh izom e
i

and b r e a d t h  o f  l e a f  a t  c e n t r e .  T h ese  c h a r a c t e r s  w ere 

h ig h ly  u n d e r  t h e  i n f l u e n c e  o f  th e  v a r y in g  e n v ir o n m e n ta l 

c o n d i t i o n s .  T h is  f a c t  i s  a l s o  e v id e n t  fr o m  t h e i r  lo w  

h a r i t a b i l i t y  v a lu e s .  In  a l l  c a s e s  g e n o t y p i c  c o e f f i c i e n t  

o f  v a r i a t i o n  was fo u n d  t o  b e  l e s s e r  th a n  t h e  c o r r e s p o n d 

in g  p h e n o t y p ic  c o e f f i c i e n t  o f  v a r i a t i o n  i n d i c a t i n g  th e  

p r o fo u n d  i n f l u e n c e  o f  e n v iro n m e n t  on th e  p h e n o t y p la  

e x p r e s s io n  o f  th e  q u a n t i t a t i v e  t r a i t s .

H igh  h e r i t a b i l i t y  e s t im a t e s  w ere  o b s e r v e d  f o r  

g i r t h  o f  m o th e r  rh izom e  a t  t h e  c e n t r e  and h e ig h t  o f  t h e  

p l a n t  i n d i c a t i n g  t h a t  t h e s e  tw o  c h a r a c t e r s  w ere  l e s s  

i n f l u e n c e d  b y  e n v ir o n m e n ta l f a c t o r s  and h a d  m ore amount
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o f  f i x a b l e  g e n o t y p i c  v a r i a t i o n .  M ohanty (1 9 7 9 ) r e p o r t e d  

a h ig h  h e r i t a b i l l t y  v a lu e  f o r  p la n t  h e ig h t  i n  tu r m e r ic *  

H e r i t a b i l i t y  v a lu e  was m o d e r a t e ly  h ig h  f o r  num ber o f  

n od es  p e r  s e c o n d a r y  f i n g e r *  le n g t h  o f  m o th e r  rh izom e*  

le n g t h  o f  p r im a r y  f in g e r *  i n t e m o d a l  d i s t a n c e  o f  p r im a ry  

f in g e r *  l e n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f *  num ber o f  

l e a v e s  p e r  t i l l e r  and rh iz o m e  y i e l d  w h i le  th e  same was 

low  f o r  num ber o f  n od es  p e r  m oth er  rh izom e  and i n t e r -  

n o d a l  d i s t a n c e  o f  m oth er  r h iz o m e .

H igh  h e r i t a b i l i t y  e s t im a t e s  i n d i c a t e  t h e  e f f e c t i v e 

n e s s  o f  s e l e c t i o n  b a s e d  on  g o o d  p h e n o t y p ic  p e r fo r m a n c e  

b u t  d o e s  n o t  n e c e s s a r i l y  mean a h ig h  g e n e t i c  g a in  f o r  

th e  p a r t i c u l a r  t r a i t .  J oh n son  e t  a l . (1 9 5 5 ) h ave  p o in t e d  

o u t  t h a t  h ig h  h e r i t a b i l i t y  e s t im a t e s  a lo n g  w it h  h ig h  

g e n e t i c  a d v a n ce  w ere  m ore u s e f u l  th a n  h e r i t a b i l i t y  v a lu e s  

a lo n e  i n  p r e d i c t i n g  t h e  r e s u l t a n t  e f f e c t  o f  th e  b e s t  

i n d i v i d u a l  . H igh h e r i t a b i l i t y  and h ig h  g e n e t i c  g a in  

i n d i c a t e  t h e  p r e s e n c e  o f  a d d i t i v e  gen e  e f f e c t s  (Panse* 

1 9 5 7 ) .  G e n e t ic  a d va n ce  h as a l s o  b e e n  e s t im a t e d  f o r  a l l  

c h a r a c t e r s • Among th e  d i f f e r e n t  c h a r a c t e r s  h e ig h t  o f  th e  

p l a n t  had h i g h e s t  g e n e t i c  a d v a n ce  f o l l o w e d  b y  rh izom e  

y ie ld *  l e n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f *  p e t i o l e  le n g t h  

and g i r t h  o f  m oth er rh iz o m e  a t  c e n t r e .  Thus i t  'was 

e v id e n t  t h a t  h e ig h t  o f  th e  p l a n t  h ad  h ig h  h e r i t a b i l i t y
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com p ared  w it h  h ig h  g e n e t i c  a d va n ce  and s h o u ld  b e  u sed  

f o r  s e l e c t i o n  rh izom e y i e l d  show ed  h ig h  g e n e t i c  ad v a n ce  

w it h  m o d e ra te  e s t im a t e  o f  h e r i t a b i l i t y .  Low e s t im a t e  o f  

g e n e t i c  a d v a n ce  w it h  lo w  h e r i t a b i l i t y  was o b s e r v e d  f o r  

in t e r n o d a l  d i s t a n c e  o f  m oth er  r h iz o m e . Low e s t im a t e  o f  

g e n e t i c  a d v a n ce  was a l s o  o b t a in e d  f o r  i n t e r n o d a l  d i s t a n c e  

o f  s e c o n d a r y  f i n g e r  and in t e r n o d a l  d i s t a n c e  o f  p r im a r y  

f i n g e r  s u g g e s t in g  th e  r o l e  p la y e d  b y  n o n - a d d i t i v e  v a r i a 

t i o n .  .

The h ig h e s t  g e n e t i c  g a in  was o b s e r v e d  f o r  rh izom e 

y i e l d  f o l l o w e d  b y  h e ig h t  o f  t h e  p l a n t .  M o d e r a te ly  h ig h  

g e n e t i c  g a in  was o b s e r v e d  f o r  num ber o f  n o d e s  p e r  p r im a ry  

f i n g e r  and g i r t h  o f  m oth er  rh izo m e  a t  c e n t r e .

F o r  a b e t t e r  u n d e r s ta n d in g  o f  th e  i n t e r - r e l a t i o n 

s h ip s  o f  y i e l d  and i t s  com p on en t c h a r a c t e r s  g e n o t y p i c  as 

w e l l  as p h e n o t y p ic  c o r r e l a t i o n ,  c o e f f i c i e n t s  h a ve  b e e n  

c a l c u l a t e d .  In  m ost c a s e s  g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i 

e n t s  w ere  s l i g h t l y  g r e a t e r  th a n  p h e n o t y p ic  c o r r e l a t i o n  

c o e f f i c i e n t s  i n d i c a t i n g  t h e  s i g n i f i c a n t  i n t e r a c t i o n  

e f f e c t  o f  th e  e n v iro n m e n t  on  t h e  p h e n o t y p e . A l l  th e  

c h a r a c t e r s  e x c e p t  th e  num ber o f  n od es  p e r  m oth er  rh izom e  

show ed s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

w ith  y i e l d  a t  th e  p h e n o t y p ic  l e v e l .  A t th e  g e n o t y p ic  l e v e l
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a l s o  non e o f  t h e  e s t im a t e s  o f  c o r r e l a t i o n s  w ith  y i e l d  

w ere  fo u n d  t o  b e  n e g a t i v e .  B u t s i g n i f i c a n t  c o r r e l a t i o n s  

w ere  n o t i c e d  o n ly  f o r  e i g h t  c h a r a c t e r s -  T h ey  in c lu d e  

le n g t h  o f  s e c o n d a r y  f i n g e r ,  g i r t h  o f  m o th e r  rh izom e  a t  

c e n t r e ,  num ber o f  n o d e s  p e r  p r im a ry  f i n g e r ,  le n g t h  o f  

p r im a r y  f i n g e r ,  le n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f ,  p e t i o l e  

l e n g t h ,  h e ig h t  o f  th e  p l a n t  and num ber o f  l e a v e s  p e r  

t i l l e r ,  M ohanty (1 9 7 9 ) r e p o r t e d  a  p o s i t i v e l y  s i g n i f i c a n t  

p h e n o t y p ic  c o r r e l a t i o n  b e tw e e n  rh iz o m e  y i e l d  and num ber 

o f  l e a v e s  p e r  t i l l e r .  N am biar (1 9 7 9 ) a l s o  o b s e r v e d  a 

p o s i t i v e l y  s i g n i f i c a n t  p h e n o t y p ic  c o r r e l a t i o n  b e tw e e n  

rh izo m e  y i e l d  and p la n t  h e i g h t .  I t  i s  a l s o  i n  c o n fo r m it y  

w it h  f i n d i n g s  o f  P h i l i p  (1 9 8 3 ) .  P u rew a l (1 9 5 7 ) and 

P i l l a i  (1 9 7 3 ) a l s o  n o t i c e d  s i m i l a r  f i n d i n g s  In  c o l o c a s s i a  

and g in g e r  r e s p e c t i v e l y .  M ohanty and Sarma (1 9 79 ) 

r e p o r t e d  s i g n i f i c a n t  p o s i t i v e  p h e n o t y p ic  and g e n o t y p i c  

c o r r e l a t i o n s  b e tw een  y i e l d  and h e ig h t  o f  th e  p l a n t  i n  

g i n g e r .  From p r e l im in a r y  c o n s i d e r a t i o n s  e i g h t  c h a r a c t e r s  

w h ich  show ed  s i g n i f i c a n t  c o r r e l a t i o n s  w it h  rh iz o m e  y i e l d  

a t  g e n o t y p i c  l e v e l  w ere  s e l e c t e d  f o r  th e  c o n d u c t  o f  p a t h -  

c o e f f i c i e n t  a n a l y s i s .

The i n t e r  c o r r e l a t i o n s  among d i f f e r e n t  c h a r a c t e r s  

vrera a l s o  w ork ed  o u t .  Some o f  th e  c h a r a c t e r s  show ed s t r o n g  

p o s i t i v e  c o r r e l a t i o n s  among th e m s e lv e s  l e a d in g  t o  th e
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p r o b le m  o f  m u l t i c o l l i n e a r i t y  i n  r e g r e s s i o n  a n a l y s i s .

A t t h e  g e n o t y p ic  l e v e l  th e  p ro b le m  o f  m u l t l c o l l i -  

n e a r i t y  seem s t o  be m ore a c u te  th a n  t h a t  a t  th e  

p h e n o t y p ic  l e v e l .

M ost o f  th e  c h a r a c t e r s  w ere  fo u n d  t o  b e  h ig h l y  

i n t e r - r e l a t e d  among t h e m s e lv e s .  F o r  i n s t a n c e ,  p l a n t  

h e ig h t ,  p e t i o l e  l e n g t h ,  le n g t h  o f  l a s t  f u l ly o p e n e d  

l e a f ,  in t e r n o d a l  d i s t a n c e  o f  m other' rh iz o m e , l e n g t h  o f  

m o th e r  rh iz o m e , and g i r t h  o f  s e c o n d a r y  f i n g e r  

sh ow ed  s t r o n g  p o s i t i v e  c o r r e l a t i o n s  among t h e m s e lv e s . 

T h ese  c h a r a c t e r s  te n d  t o  b e  i n h e r i t e d  t o g e t h e r  and 

a ch a n ge  i n  o n e  c h a r a c t e r  i s  -e x p e c te d  t o  b r in g  a 

c o r r e s p o n d in g  ch a n ge  i n  t h e  o t h e r  r e l a t e d  c h a r a c t e r s .

In  s u c h  s i t u a t i o n s  s e l e c t i o n  b a s e d  m e re ly  on  th e  

r e l a t i v e  v a lu e s  o f  s im p le  c o r r e l a t i o n  c o e f f i c i e n t s  

w it h o u t  c o n s id e r in g  t h e  i n t e r a c t i o n  b e tw e e n  th e  

com p on en t c h a r a c t e r s  m ig h t p r o v e  m is le a d in g .  H ence 

p r i n c i p a l  com p on en t a n a ly s i s  and p a t h - c o e f f i c i e n t  

a n a ly s i s  w ere a t te m p te d  on  th e  same d a t a  f o r  th e  

p u r p o s e  o f  i d e n t i f y i n g  th e  p e r t i n e n t  c h a r a c t e r s  

w h ich  c o n t r o l  rh izo m e  y i e l d  in  t u r m e r ic .

E x t r a c t io n  o f  f a c t o r s  h e lp  i n  i d e n t i f y i n g  

v a r i a b l e s  and g r o u p in g  them  w ith  i n  a common



p a t t e r n  o f  v a r i a t i o n .  F a c t o r  a n a ly s i s  th r o u g h  th e  p r i n c i p a l  

com p on en t m eth od  was a t te m p te d  u s in g  b o t h  p h e n o t y p ic  and 

g e n o t y p ic  c o r r e l a t i o n  m a t r i c e s .  F a c t o r s  h a v in g  e ig G flv a lu e  

a t  l e a s t  u n i t y  a lo n e  w ere  r e t a i n e d  and t h e y  w ere  ra n k ed  in  

th e  o r d e r  o f  t h e i r  e i g e n v a lu e s .  As s u g g e s t e d  b y  M ahajan 

e t  a l . (1 9 8 1 ) a l l  th e  com p on en ts  w h ich  a c c o u n t e d  f o r  a t  

l e a s t  75 p e r  c e n t  o f  t h e  t o t a l  v a r i a b i l i t y  w ere  r e t a in e d  

and com p on en t l o a d in g s  w ork ed  o u t .  From t h e  p r i n c i p a l  

com p on en t a n a ly s i s  o f  t h e  p h e n o t y p ic  c o r r e l a t i o n  m a tr ix  

th e  f i r s t  f o u r  com p on en ts  a lo n e  w ere e x t r a c t e d  w h ich  

a c c o u n te d  f o r  7 5 .2 1  p e r  c e n t  o f  th e  t o t a l  v a r i a t i o n .

In  t h e  c a s e  o f  p r i n c i p a l  com p on en t a n a ly s i s  b a s e d  

on  g e n o t y p i c  c o r r e l a t i o n  m a tr ix  th e  m a jo r  p a r t  o f  th e  

v a r i a t i o n  (9 1 .7 4 % ) was a c c o u n te d  b y  t h e  f i r s t  t h r e e  com

p o n e n ts  • H ence t h e  f i r s t  t h r e e  com p on en ts  a lo n e  can  b e  

r e g a r d e d  as h a v in g  any p r a c t i c a l  s i g n i f i c a n c e  w it h  r e g a r d  t o  

th e  m easurem ent o f  d i v e r s i t y  a t  th e  g e n o t y p i c  l e v e l .  The 

com p on en t l o a d in g s  o f  th e  d i f f e r e n t  c h a r a c t e r s  w it h  r e s p e c t  

t o  th e  e x t r a c t e d  f a c t o r s  w ere  w ork ed  o u t  and  u s e d  as a 

b a s i s  f o r  i d e n t i f y i n g  s i g n i f i c a n t  V a r ia b le s  a f f e c t e d  b y  

some common f a c t o r . ,

W a lton  (1 9 7 2 ) fo u n d  a  minimum c o r r e l a t i o n  c o e f f i 

c i e n t  o f  0 .4 5  among t r a i t s  a f f e c t e d  b y  a common f a c t o r .



106

Asawa (1 9 8 1 ) in  h is  s t u d i e s  on  f a c t o r  a n a ly s i s  i n  

ch ick p e a #  r e s t r i c t e d  s e l e c t i o n  t o  o n ly  t h o s e  c h a r a c t e r s  

w h ich  g a v e  a f a c t o r  l o a d in g  g r e a t e r  th a n  o r  e q u a l  t o  

0 . 5 .  Ramana Rao e t  a l .  (1 9 8 1 ) s e l e c t e d  t h o s e  c h a r a c t e r s  

w h ich  g a v e  a minimum c o r r e l a t i o n  o f  0 . 8  w i t h  th e  f a c t o r .

He a l s o  ra n k e d  th e  c h a r a c t e r s  a c c o r d in g  t o  t h e i r  r e l a t i v e  

l o a d in g s  and o n ly  t h o s e  c h a r a c t e r s  w h ich  ra n k e d  f i r s t  

o r  s e c o n d  on th e  f a c t o r  l o a d in g  s c a l e  a lo n e  w ere  r e t a in e d  

from  t h e  secon d #  t h i r d  and o t h e r  com p on en ts  o f  h ig h e r  

o r d e r .  I n  t h e  p r e s e n t  s t u d y  m ost o f  th e  c h a r a c t e r s e x h i 

b i t e d  v e r y  h ig h  c o r r e l a t i o n  w ith  e x t r a c t e d  co m p o n e n ts .

The. r e l a t i v e  m a gn itu d es  o f  th e  com p on en t l o a d in g s  w ere  

g r e a t e r  when th e  a n a ly s i s  was p e r fo r m e d  in  th e  g e n o t y p i c  

c o r r e l a t i o n  m a tr ix  th a n  on  t h e  p h e n o t y p ic  c o r r e l a t i o n  

m a t r ix .

In  t h e  c a s e  o f  p r i n c i p a l  com p on en t a n a ly s i s  b a s e d  

on  th e  g e n o t y p i c  c o r r e l a t i o n  m a trix#  t h e  f o u r  c h a r a c t e r s  

s e l e c t e d  on  th e  f i r s t  com p on en t w ere  t h o s e  f o r  w h ich  

com p on en t l o a d in g s  w ere  g r e a t e r  th a n  0 .9  and f o r  th e  

o t h e r  com p on en ts  t h e  t r a i t s  w h ich  sh ow ed  maximum com p on en t 

l o a d in g s  a lo n e  w ere s e l e c t e d .  The s e l e c t e d  s i x  c h a r a 

c t e r s  w ere  f u r t h e r  u s e d  t o  c o n s t r u c t  g e n o t y p i c  s e l e c t i o n  

i n d i c e s .

The f i r s t  com p on en t e x t r a c t e d  th r o u g h  p r i n c i p a l  

co itp o n e n t  a n a ly s i s  b a s e d  on  p h e n o t y p ic  c o r r e l a t i o n
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m a tr ix  was m a in ly  c o n s t i t u t e d  b y  m o r p h o lo g i c a l  and 

p r im a r y  f i n g e r  c h a r a c t e r s .  M oth er rh izo m e  c h a r a c t e r s  , 

a re  o f  s e c o n d a r y  im p o r ta n c e  t o  t h e s e  g ro u p  o f  c h a r a c t e r s  

i n  d e te r m in in g  t h e  f i r s t  f a c t o r *  I t  was a l s o  n o t i c e d  

t h a t  th e  m o r p h o lo g ic a l  c h a r a c t e r s  w ere  im p o r ta n t  o n ly  

i n  th e  d e v e lo p m e n t  o f  th e  f i r s t  com p o n e n t . I t  i n d i c a t e s  

t h e i r  d e c i s i v e  r o l e  in  c o n t r o l l i n g  th e  p r o d u c t io n  o f  

t h e  c r o p .  The s e c o n d a r y  f i n g e r  c h a r a c t e r s  w ere  m a jo r  

c o n t r i b u t o r s  tow a rd s  th e  s e c o n d  com p on en t f o l l o w e d  b y  

m oth er  rh izo m e  c h a r a c t e r s  and in t e r n o d a l  d i s t a n c e  o f  

p r im a r y  f i n g e r .  The t h i r d  com p on en t was d o m in a te d  b y  

th e  le n g t h  o f  s e c o n d a r y  and p r im a r y  f i n g e r s .

P r i n c i p a l  com p on en t a n a ly s is  b a s e d  on  g e n o t y p ic  

c o r r e l a t i o n  m a tr ix  r e s u l t e d  on th e  e x t r a c t i o n  o f  t h r e e  

m a jo r  co m p o n e n ts . The f i r s t  com p on en t was m a in ly  d om i

n a te d  b y  m o r p h o lo g ic a l  and m oth er rh iz o m e  c h a r a c t e r s  

f o l l o w e d  b y  some o f  th e  p r im a r y  f i n g e r  c h a r a c t e r s .  The 

s e c o n d  com p on en t was m a in ly  a f f e c t e d  b y  t h e  in t e r n o d a l  

d i s t a n c e  o f  p r im a r y  and s e c o n d a r y  f i n g e r s . I t  I n d i c a t e s  

t h a t  t h e s e  tw o c h a r a c t e r s  a re  l i k e l y  t o  b e h a v e  a l i k e  i n  

i n h e r i t a n c e .  In  a b r o a d  s e n s e ,  th e  t h i r d  com p on en t c o u l d  

b e  d e s ig n a t e d  as a p r im a r y  f i n g e r  c h a r a c t e r  g r o u p . The 

im p o r ta n t  c h a r a c t e r  w h ich  c o n t r i b u t e d  t o  v a r i a t i o n s  in  

th e  t h i r d  f a c t o r  a re  le n g t h  o f  s e c o n d a r y  f i n g e r  and
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I n t e r n o d a l  d i s t a n c e  o f  s e c o n d a r y  f i n g e r .  Thus i t  ca n  

b e  i n f e r r e d  t h a t  t h e s e  tw o c h a r a c t e r s  a re  c o n t r o l l e d  

b y  a common f a c t o r  and h en ce  th e y  a re  e x p e c t e d  t o  

b eh a v e  a l i k e  in  s e g r e g a t i o n .

The s tu d y  r e v e a le d  th e  Im p o rta n ce  o f  m o rp h o lo 

g i c a l  c h a r a c t e r s  in  c o n t r o l l i n g  c r o p  p r o d u c t io n *  The 

f a c t  t h a t  a l l  th e  m o r p h o lo g ic a l  c h a r a c t e r s  s h a re  a 

common p a t t e r n  o f  v a r i a t i o n  a lo n g  w it h  im p o r ta n t  y i e l d  

com p on en ts  r i g h t l y  e x h i b i t  t h e i r  d o m in a n t r o l e  in  

in d u c in g  g e n e t i c  d i v e r s i t y  and im p r o v in g  y i e l d .  N ex t 

t o  m o r p h o lo g i c a l  c h a r a c t e r s  some o f  th e  rh izo m e  c h a r a 

c t e r s  a l s o  p la y  a v i t a l  r o l e  in  im p r o v in g  y i e l d .

P a t h - c o e f f i c i e n t  a n a ly s is  was a l s o  d on e t o  

d e te r m in e  th e  d i r e c t  and I n d i r e c t  e f f e c t s  o f  th e  v a r io u s  

c h a r a c t e r s .  L en gth  o f  s e c o n d a r y  f i n g e r  g i r t h  o f  m oth er  

rh izom e  a t  c e n t r e /  num ber o f  n od es  p e r  p r im a r y  f i n g e r ,  

le n g t h  o f  p r im a r y  f i n g e r ,  h e ig h t  o f  th e  p la n t  and num ber 

o f  l e a v e s  p e r  t i l l e r  w ere  fo u n d  t o  h a ve  s i g n i f i c a n t  

g e n o t y p i c  c o r r e l a t i o n s  w i t h  y i e l d .  H en ce , t h e y  w ere 

s e l e c t e d  f o r  th e s tu d y  o f  p a t h - c o e f f i c i e n t s .

In  th e  p r e s e n t  s t u d y  i t  was o b s e r v e d  t h a t  

maximum p o s i t i v e  d i r e c t  e f f e c t  was c o n t r i b u t e d  b y  

h e ig h t  o f  th e  p l a n t  to w a rd s  th e  rh iz o m e  y i e l d .  T h is
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r e s u l t  i s  i n  f u l l  a g reem en t w ith  th e  f i n d i n g s  o f  N am biar 

(1 9 79 ) b u t  i n  d is a g r e e m e n t  w ith  t h a t  o f  G e o rg e  (1981 ) .

I n  g in g e r #  R atnam bal (1 9 7 9 ) r e p o r t e d  h ig h  p o s i t i v e  d i r e c t  

e f f e c t  o f  p l a n t  h e ig h t  ofi y i e l d .

The h ig h  p o s i t i v e  d i r e c t  e f f e c t  o f  p l a n t  h e ig h t  on 

r h iz o m e  y i e l d  seem ed  t o  b e  d im in is h e d  b y  t h e  n e g a t iv e  

i n d i r e c t  e f f e c t s  th r o u g h  p e t i o l e  le n g t h  and num ber o f  n od es  

p e r  p r im a r y  f i n g e r .  As e x p e c te d #  i n  t h i s  i n v e s t i g a t i o n  t h e  

d i r e c t  e f f e c t  o f  le n g t h  o f  s e c o n d a r y  f i n g e r  was fo u n d  t o  b e  

v e r y  h ig h .  T h is  h ig h  d i r e c t  e f f e c t  o f  l e n g t h  o f  s e c o n d a r y  

f i n g e r  o n  r h iz o m e  y i e l d  was d im in is h e d  m a in ly  b y  n e g a t iv e  

I n d i r e c t  e f f e c t  th r o u g h  num ber o f  n od es  p e r  p r im a r y  f i n g e r .  

The d i r e c t  e f f e c t s  o f  num ber o f  l e a v e s  p e r  t i l l e r  and g i r t h  

o f  m oth er  rh izo m e  a t  c e n t r e  w ere  p o s i t i v e .  .

The in c r e a s e d  h e ig h t  o f  t h e  a e r i a l  s h o o t  may b e  

h e l p f u l  f o r  b e t t e r  e x p o s u r e  o f  t h e  l e a v e s  t o  t h e  sun  t h e r e b y  

i n c r e a s i n g  t h e  p h o t o s y n t h e t i c  e f f i c i e n c y  o f  t h e  p la n t s  

w h ich  a c c o u n te d  f o r  h ig h e r  y i e l d .  The l e n g t h  o f  s e c o n d a r y  

f i n g e r  n a t u r a l l y  e n h a n ced  t h e  rh izo m e  y i e l d .  Number o f  

le a v e s  p e r  t i l l e r  a l s o  i n c r e a s e s  th e  p h o t o s y n t h e t i c  area# 

l e a d in g  t o  en h a n ced  r h iz o m e  y i e l d .  An in c r e a s e d  g i r t h  o f  

m oth er r h iz o m e  a t  c e n t r e  f o l l o w e d  b y  a  c o r r e s p o n d in g  i n c r e a 

s e d  rh iz o m e  w e ig h t  i n  m o th e r  rh izo m e  a l s o  c o n t r i b u t e s  t o  

b e t t e r  y i e l d .



1 1 0

Number o f  n od es  p e r  p r im a r y  f in g e r #  p e t i o l e  le n g th #  

le n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f  and l e n g t h  o f  p r im a r y  

f i n g e r  w ere  e x h i b i t e d  n e g a t iv e  d i r e c t  e f f e c t s  th ou g h  th e  

c o r r e s p o n d in g  g e n o t y p i c  c o r r e l a t i o n s  w ith  rh iz o m e  y i e l d  

w ere  h ig h  and p o s i t i v e .  The h ig h  g e n o t y p i c  c o r r e l a t i o n s  

a r e  due t o  t h e  h ig h  I n d i r e c t  e f f e c t s  o f  c h a r a c t e r s  th ro u g h  

p l a n t  h e ig h t  and le n g t h  o f  s e c o n d a r y  f i n g e r .  G eorge  (1 9 81 ) 

r e p o r t e d  t h a t  le n g t h  o f  p r im a r y  f i n g e r  had n e g a t iv e  d i r e c t  

e f f e c t  on  rh iz o m e  y i e l d  i n  t u r m e r ic *

The c h a r a c t e r s  w h ich  h ad  p o s i t i v e  d i r e c t  e f f e c t s  on  

y i e l d  and a l s o  t h o s e  h a v in g  s m a ll  n e g a t iv e  d i r e c t  e f f e c t  

b u t  h ig h  g e n o t y p i c  c o r r e l a t i o n  w ith  y i e l d  c o u ld  b e  r e g a r d e d  

as t h e  m a jo r  y i e l d  c o n t r i b u t o r s .  Such a s e l e c t i o n  p r o c e d u r e  

o f  c h a r a c t e r s  h as b een  a d o p te d  b y  U sh aran i and Rao (1981 ) 

in  b la c k g r a m  and Boom ikum aran and R athinam  (1 9 81 ) i n  

g r e e n  gram .

In  t h e  p r e s e n t  s t u d y  s i x  c h a r a c t e r s  n am ely  h e ig h t  o f  t h e  

p l a n t ,  l e n g t h  o f  s e c o n d a r y  f i n g e r ,  num ber o f  l e a v e s  p e r  

t i l l e r ,  g i r t h  o f  m oth er rh iz o m e  a t  c e n t r e ,  l e n g t h  o f  p r im a r y  

f i n g e r  and l e n g t h  o f  l a s t  f u l l y  op en ed  l e a f  w ere  s e l e c t e d  

as m a jo r  c o n t r i b u t o r s  to w a rd s  t h e  r h iz o m e  y i e l d .  S e l e c t i o n  

i n d i c e s  w ere  c o n s t r u c t e d  u s in g  t h e  a b ove  m e n tio n e d  s i x  

c h a r a c t e r s  t o  i d e n t i f y  s u p e r i o r  g e n o t y p e s  f o r  f u r t h e r  

p r o p a g a t i o n .



A c l a s s  o f  p h e n o t y p ic  s e l e c t i o n  i n d i c e s  w ere  c o n 

s t r u c t e d  th r o u g h  m u l t ip le  r e g r e s s i o n  a n a ly s i s  u s in g  t h e  

c h a r a c t e r s  w h ich  show ed s i g n i f i c a n t  g e n o t y p i c  c o r r e l a t i o n s  

w it h  r h iz c m e  y i e l d .  Such an a p p ro a ch  was u s e d  b y  N a ra in  

and M ish ra  (19 7i:) who show ed t h a t  th e  g e n e t i c  im provem en t 

e x p e c t e d  on t h e  b a s i s  o f  s u c h  s e l e c t i o n  p r o c e d u r e  c o u ld  b e  

s u b s t a n t i a l  o v e r  d i r e c t  s e l e c t i o n  p r o c e d u r e  i f  th e  p h e n o t y p ic  

and g e n o t y p i c  c o r r e l a t i o n s  b e tw e e n  m ain and a u x i l i a r y  t r a i t s  

a r e  o f  o p p o s i t e  s i g n s .  U n lik e  th e  c a s e  o f  g e n o t y p i c  in d e x  

a k n ow led g e  o f  t h e  e s t im a t e s  o f  g e n e t i c  p a r a m e te r s  i s  n o t  

n e c e s s a r y  t o  a d o p t  t h i s  p r o c e d u r e .  I n  th e  p r e s e n t  s t u d y  

d i f f e r e n t  p h e n o t y p ic  i n d i c e s  w ere  c o n s t r u c t e d  w ith  v a r io u s  

c o m b in a t io n s  o f  c h a r a c t e r s  and t h s i r  r e l a t i v e  e f f i c i e n c i e s  

com p a red . I t  was fo u n d  t h a t  rh izo m e  y i e l d  c o u l d  b e  s a t i s 

f a c t o r i l y  p r e d i c t e d  b y  a l i n e a r  f u n c t i o n  o f  e i g h t  a u x i l i a r y  

t r a i t s  n am ely  h e ig h t  o f  t h e  p la n t#  le n g t h  o f  s e c o n d a r y  f in g e r #  

num ber o f  n o d e s  p e r  p r im a r y  f in g e r #  p e t i o l e  le n g th #  number 

o f  l e a v e s  p e r  t i l l e r #  g i r t h  o f  m oth er rh iz o m e  a t  c e n tr e #  

le n g t h  o f  l a s t  f u l l y  op en ed  l e a f  and l e n g t h  o f  p r im a r y  f i n g e r  

w it h  a r e a s o n a b le  d e g r e e  o f  a c c u r a c y .  The l i n e a r  m odel w ith  

t h e  a b ov e  m e n tio n e d  e i g h t  c h a r a c t e r s  was s i g n i f i c a n t l y  d i f f e r e n t  

fro m  a l l  o t h e r  s im p le r  l i n e a r  m o d e ls . E x c lu s io n  o f  g i r t h  o f  

m oth er r h iz o m e  a t  c e n t r e  fr o m  t h e  l i n e a r  m od e l w ith  s e v e n  

a u x i l i a r y  t r a i t s  had n o t  r e s u l t e d  in  any s u b s t a n t i a l  ch a n ge  i n  

t h e  p r e d i c t a b i l i t y  o f  th e  e q u a t io n .
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In  t h i s  s tu d y  a l l  th e  v a r i a b l e s  w ere  n o t  

in c lu d e d  f o r  th e  c o n d u c t  o f  p a t h - c o e f f i c i e n t  a n a l y s i s .

A p r e l im in a r y  s e l e c t i o n  o f  v a r i a b l e s  was a tte m p te d  on 

t h e  b a s i s  o f  th e  r e l a t i v e  s t r e n g t h s  o f  t h e i r  g e n o t y p ic  

r e l a t i o n s  w it h  y i e l d .  In  o r d e r  t o  exa m in e  th e  v a l i d i t y  

o f  s u ch  a s e l e c t i o n  p r o c e d u r e  an a t te m p t  was made t o  

com pare t h e  r e l a t i v e  e f f i c i e n c i e s  o f  v a r io u s  s e l e c t i o n  

c r i t e r i a  f o r  e f f e c t i v e  p r e l im in a r y  s c r e e n in g  o f  v a r i a 

b l e s  p r i o r  t o  th e  c o n d u c t  o f  any m u l t i v a r i a t e  a n a l y t i c a l  

p r o c e d u r e .  I t  was fo u n d  t h a t  s e l e c t i o n  b a s e d  on  p h e n o 

t y p i c  . c o r r e l a t i o n  c o e f f i c i e n t  was r e s u l t e d  in  r e l a t i v e l y  

h ig h e r  v a lu e  o f  c o e f f i c i e n t  o f  d e t e r m in a t io n  w ith  th e  

s m a l l e s t  number o f  v a r i a b l e s .  H ence s e l e c t i o n  o f  

c h a r a c t e r s  b a s e d  on  p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  

i s  fo u n d  t o  b e  th e  m ost e f f e c t i v e  c r i t e r i o n  i n  s e l e c t i n g  

th e  im p o r ta n t  v a r i a b l e s . S e l e c t i o n  b a s e d  on  g e n o t y p ic  

c o r r e l a t i o n  c o e f f i c i e n t  has come n e x t  i n  e f f i c i e n c y  t o  

t h a t  b a s e d  on th e  p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  

and th e  d i f f e r e n c e  b e tw e e n  th e  tw o m eth ods was n e g l i -  ' 

g i b l y  s m a l l .  Thus g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t  

s h a l l  a l s o 1b e  u s e d  f o r  th e  s e l e c t i o n  o f  c h a r a c t e r s .  1

G e n o ty p ic  s e l e c t i o n  i n d i c e s  w ere  c o n s t r u c t e d  

u s in g  th e  s i x  c h a r a c t e r s  s e l e c t e d  th r o u g h  th e  p r i n c i p a l  

com p on en t a n a ly s is  o f  t h e  g e n o t y p i c  c o r r e l a t i o n  m a tr ix .
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The e x p e c t e d  g e n e t i c  a d v a n ce  and p e r c e n t a g e  r e l a t i v e  

e f f i c i e n c y  o f  in d e x  s e l e c t i o n  o v e r  s t r a i g h t  s e l e c t i o n  

w ere  e s t im a t e d  f o r  e a c h  o f  th e  i n d i c e s .  E s t im a te d  g e n e t i c  

a d v a n ce  o f  in d e x  s e l e c t i o n  u s in g  h e ig h t  o f  th e  p la n t  

a lo n e  as t h e  e sq p la n a to ry  v a r i a b l e  was fo u n d  t o  b e  h ig h e r  

th a n  t h a t  th r o u g h  s t r a i g h t  s e l e c t i o n ,  s e l e c t i o n  i n d i c e s  

w ere  a l s o  c o n s t r u c t e d  b y  in c o r p o r a t i n g  y i e l d  a l s o  as an 

a d d i t i o n a l  v a r i a b l e .  The I n c l u s i o n  o f  y i e l d  f o r  w h ich  

s e l e c t i o n  i s  b e in g  d on e  w it h  any o t h e r  s i n g l e  c h a r a c t e r  

o r  c h a r a c t e r s  in c r e a s e d  th e  e f f i c i e n c y  o f  in d e x  s e l e c t i o n .  

The r e s u l t  i s  i n  a g reem en t w ith  th e  f i n d i n g s  o f  J oh n son  

e t  a l .  (1 9 5 5 ) i n  s o y a b e a n . M i l l e r  e t  a i .  (1 9 5 8 ) i n  u p la n d  

c o t t o n  and Swarup and C h an ga le  (1 9 6 2 ) in  Sorghum .

A l l  t h e  g e n o t y p i c  s e l e c t i o n  i n d i c e s  b a s e d  on  

s i n g l e  c h a r a c t e r s  o t h e r  th a n  h e ig h t  o f  t h e  p la n t  w ere  

l e s s  e f f i c i e n t  th a n  t h a t  o b t a in e d  b y  s t r a i g h t  s e l e c t i o n .  

Among th e  s e l e c t i o n  i n d i c e s  c o n s t r u c t e d  th e  m ost e f f i c i e n t  

in d e x  i s  g iv e n  b e lo w ,

Xx =■ 0 .2429Y -  3 . 1423X? + 2.7406Xg + 0 .1584X 14

+ 0 .9 7 3 0 X . ,  + 7 .2 3 6 0 X  + 2 .3 7 8 5 X -
I d  1 1  £

The e x p e c t e d  g e n e t i c  a d v a n ce  fr o m  t h i s  in d e x  was 2 4 ,6 0 0 4  

and th e  p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  2 5 5 .2 7



114

The c h a r a c t e r s  s e l e c t e d  u s in g  p a t h - c o e f f i c i e n t  

a n a ly s i s  w ere  a l s o  u t i l i s e d  t o  c o n s t r u c t  g e n o t y p i c  

s e l e c t i o n  i n d i c e s  w it h  and w it h o u t  i n c o r p o r a t i n g  y i e l d  

as an a d d i t i o n a l  t r a i t  in  th e  l i n e a r  m o d e l . The g e n e t i c  

a d v a n ce  and p e r c e n t a g e  e f f i c i e n c y  o f  in d e x  s e l e c t i o n  o v e r  

s t r a i g h t  s e l e c t i o n  w ere  a l s o  e s t im a t e d .  The m o st  e f f i c i e n t  

in d e x  was fo u n d  t o  b e  th e  on e  w h ich  in c lu d e d  th e  t r a i t s  

rh izo m e  y i e l d ,  le n g t h  o f  s e c o n d a r y  f i n g e r ,  g i r t h  o f  

o t h e r  rh izo m e  a t  c e n t r e ,  l e n g t h  o f  p r im a r y  f i n g e r  and 

num ber o f  l e a v e s  p e r  t i l l e r .  T h is  in d e x  i s  d e n o te d  b y

I 2  «  0 .0 3 6 0 y  + 1 .8 3 6 0 X 1 + 2 .7 3 9 1 X g + 1 .0 3 2 5 X 1Q 

+ 0 .2 5 5 2 X 13 + 0 .8 3 6 1 X 16 + 4 .9 6 4 3 X 1 ?

The e x p e c t e d  g e n e t i c  a d v a n ce  and p e r c e n t a g e  r e l a t i v e  

e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n  f o r  t h i s  in d e x  w ere  

2 4 .1 9 5 0  and 3 5 4 .8 4  r e s p e c t i v e l y .  Thus th e  in d e x  I 2  i s  

e x p e c t e d  t o  b r in g  c o n s i d e r a b l e  in p ro v e m e n t  i n  th e  s u b s e 

q u e n t  g e n e r a t io n s *  .

On com p-oaring  th e  tw o i n d i c e s  an d  I 2 w ith  r e g a r d  

t o  t h e i r  r e l a t i v e  e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n ,  i t  

i s  e v i d e n t  t h a t  I 2 i s  s u p e r i o r  t o  1 ^ . Thus i t  a p p e a rs  t h a t  

th e  p a t h - c o e f f i c i e n t  a n a ly s i s  O ut w e ig h s  p r i n c i p a l  

com p on en t a n a ly s is  i n  i d e n t i f y i n g  t h e  m a jo r  y i e l d  c o n t r i -
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b u t e r s .  B u t h ow ever  t h i s  f a c t  i n  no way l i m i t  th e  

u t i l i t y  o f  p r i n c i p a l  com p on en t a n a ly s i s  as an e f f e c t i v e  

t o o l  f o r  i d e n t i f y i n g  th e  c a u s a t iv e  s o u r c e s  o f  common 

v a r i a t i o n .  P r i n c i p a l  com p on en t a n a ly s i s  i s  c o n c e r n e d  

w ith  t h e  s t r u c t u r a l  d e c o m p o s i t io n  o f  o r i g i n a l  m a tr ix  

o f  i n t e r  c o r r e l a t i o n s  in  term s o f  p a r t i c u l a r  fram e o f  

r e f e r e n c e  and i s  l i m i t e d  t o  t h e  s y n t h e s i s  o f  c a s u a l  

r e l a t i o n s h i p  w it h  a s i n g l e  d e p e n d e n t  v a r i a b l e .  The 

a d v a n ta g e  o f  p r i n c i p a l  com p on en t a n a l y s i s  l i e s  i n  

d e a l in g  w it h  th e  p r o b le m  o f  l i n e a r  d e p e n d e n c e  and th e  

d i f f i c u l t y  i n  i n t a r p r e t a b i l l t y  a r i s e s  o n ly  w ith  r e s p e c t  

t o  th e  l a b e l i n g  o f  l a t e n t  v a r i a b l e s .  P a t h - c o e f f i c i e n t  

a n a ly s i s  i s  m ore a l e r t  i n  i d e n t i f y i n g  t h e  t r u e  u n d e r ly in g  

r e l a t i o n s h i p  i n  c a s e s  w h ere  th e  a ssu m p tio n  o f  a  c l o s e d  

sy s te m  i s  v a l i d  o r  ca n  b e  ta k e n  f o r  g r a n t e d .  H a rr is  

(1 9 75 ) h ad  shown t h a t  t h e  m ethod  o f  p r i n c i p a l  com p on en t 

a n a ly s is  m ig h t some t im e s  f a i l  t o  r e f l e c t  th e  t r u e  

r e l a t i o n s h i p  b etw een  v a r i a b l e s  and l e a d  t o  d i f f i c u l t  t o  

i n t e r p r e t  r e s u l t s .  B ut i t  h e lp s  t o  i d e n t i f y  th e  v a r i a b l e s  

w h ich  b e h a v e  a l i k e .

One im p o r ta n t  p r o b le m  i n  c o n s t r u c t i o n  o f  g e n o 

t y p i c  s e l e c t i o n  i n d i c e s  i s  t o  have p r o p e r  k n ow led ge  o f  

th e  w e ig h ts  t o  b e  a s s ig n e d  t o  th e  d i f f e r e n t  com ponent 

c h a r a c t e r s . T h is  i n f a c t  d ep en d s  upon t h e  am ount b y  w h ich
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e a c h  u n i t  o f  v a r i a t i o n  in  a t r a i t  a c t u a l l y  in c r e a s e s  

o r  d e c r e a s e s  th e  n e t  p r o f i t *  I f  t h e  y i e l d  com p on en ts 

a re  n o t  d i r e c t l y  m e a su ra b le  on  an e c o n o m ic  s c a l e  t h e  

p r o b le m  o f  a s s ig n in g  r e l a t i v e  e c o n o m ic  w e ig h ts  t o  

c h a r a c t e r s  b ecom es c o m p l i c a t e d .  In  t h i s  s t u d y  d i s c r i 

m in a n t f u n c t i o n s  w ere  fo rm e d  u t i l i s i n g  th e  c h a r a c t e r s  

s e l e c t e d  th r o u g h  p a t h - c o e f f i c i e n t  a n a ly s i s  w it h  v re ig h ts  

a s s ig n e d  t o  them  i n  a c c o r d a n c e  w ith  d i f f e r e n t  c r i t e r i a  

s u c h  as t h o s e  p r o p o r t i o n a l  t o  h e r i t a b i l i t y  e s t im a t e s ,  

g e n o t y p i c  c o r r e l a t i o n s  w it h  y i e l d ,  p h e n o t y p ic  c o r r e l a 

t i o n s  w it h  y ie ld ^ p r o d u c t s  o f  h e r i t a b l l i t i e s  and g e n o t y p i c  

c o r r e l a t i o n s  w ith  y i e l d ,  p r o d u c t  o f  h e r i t a b l l i t i e s  and 

p h e n o t y p ic  c o r r e l a t i o n s  w it h  y i e l d  and e q u a l  e c o n o m ic  

w e ig h ts  t o  a l l  th e  c h a r a c t e r s .  I t  was fo u n d  t h a t  e q u a l  

e c o n o m ic  w e ig h ta g e  t o  a l l  th e  c h a r a c t e r s  r e s u l t e d  i n  

th e  m o st  e f f i c i e n t  in d e x .  T h is  f i n d i n g  i s  i n  c o n t r a r y  

w ith  th e  f i n d i n g s  o f  Rao e t  a l . (19 79 ) i n  r i c e  who n o t e d  

a s l i g h t  a d v a n ta g e  f o r  w e ig h ts  p r o p o r t i o n a l  t o  p h en o 

t y p i c  c o r r e l a t i o n s  and p h e n o t y p ic  p a t h - c o e f f i c i e n t s  o v e r  

e q u a l  e c o n o m ic  w e ig h t a g e .  I t  was a l s o  fo u n d  t h a t  th e  

a b s o lu t e  v a lu e  o f  th e  p r o d u c t  o f  h e r i t a b i l i t y  and p h e n o 

t y p i c  c o r r e l a t i o n  w it h  y ie ld w a s  th e  m ost e f f e c t i v e  

c r i t e r i o n  f o r  s e l e c t i n g  t h e  im p o r ta n t  c h a r a c t e r s  t o  

c o n s t r u c t  e f f i c i e n t  g e n o t y p i c  s e l e c t i o n  i n d i c e s .  T h is
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r e s u l t  i s  i n  c o n t r a r y  w it h  t h e  f i n d i n g s  o f  S aha and. 

P a tn a ik  (1 9 8 0 ) i n  n i g e r  who fo u n d  o u t  t h e  a b s o lu t e  

v a lu e  o f  th e  p r o d u c t  o f  h e r i t a b i l i t y  and g e n o t y p i c  

c o r r e l a t i o n  w ith  y i e l d  as t h e  m ost e f f e c t i v e  

c r i t e r i o n .  - ■

R e s t r i c t e d  s e l e c t i o n  in d e x  was a l s o  d e v e lo p e d  

b y  im p o s in g  r e s t r i c t i o n  o f  no chan ge on  t h e  g e n o t y p ic  

v a lu e  o f  le n g t h  o f  s e c o n d a r y  f i n g e r  and t h e  e x p e c t e d  

g e n e t i c  a d v a n ce  f o r  t h e  d i f f e r e n t  c h a r a c t e r s  w ere  ■ 

e s t im a t e d .  I t  was fo u n d  t h a t  t h e  r e s t r i c t e d  s e l e c t i o n  

in d e x  d e v e lo p e d  b y  r e s t r i c t i n g  th e  c h a r a c t e r  le n g t h  

o f  s e c o n d a r y  f i n g e r  was l e s s  e f f i c i e n t  th a n  t h a t  

w it h o u t  r e s t r i c t i o n  on t h e  c h a r a c t e r .

In d e x  s c o r e s  w ere  c a l c u l a t e d  f o r  e a c h  o f  th e  

v a r i e t i e s  b a s e d  on th e  s e l e c t i o n  in d e x .  I g  bhe b o p -  

m ost f i v e  v a r i e t i e s  w ere  i d e n t i f i e d .  The s e l e c t e d  . 

v a r i e t i e s  a r e  K u ch u p u d i, Chayapasupa# G .L . P u r a m -I I ,' 

A rm oor and K od u r.
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6 .  SUMMARY

I n v e s t i g a t i o n s  w ere  made t o  f o r m u la t e  s u i t a b l e  

s e l e c t i o n  i n d i c e s  f o r  v a r i e t a l  s e l e c t i o n  i n  t u r m e r ic  

b a s e d  on  th e  c h a r a c t e r s  s e l e c t e d  th r o u g h  t h e  t e c h n iq u e s  

o f  p r i n c i p a l  com p on en t a n a ly s i s  and p a t h - c o e f f i c i e n t  

a n a ly s i s  and t o  com pare th e  r e l a t i v e  d i s c r i m i n a t i n g  

p ow ers  o f  th e s e  tw o w id e ly  a c c e p t e d  m u l t i v a r i a t e  t e c h n i 

qu es f o r  th e  i d e n t i f i c a t i o n  o f  im p o r ta n t  y i e l d  c o n t r i 

b u t in g  c h a r a c t e r s .  As a  p r e - r e q u i s i t e  f o r  any c r o p  

im p rov em en t program m e, g e n e t i c  p a r a m e te rs  w ere  a l s o  

e s t im a t e d .  A ttem p ts  w ere  a l s o  made t o  i d e n t i f y  an 

optim um  sy s te m  o f  w e ig h t in g  i n  th e  fr a m in g  o f  d i s c im in a n t  

f u n c t i o n s  f o r  s e l e c t i o n  o f  g e n o t y p e s ,  i n  c a s e  t h e  r e l a t i v e  

e c o n o m ic  v a lu e s  o f  c h a r a c t e r s  a re  unknow n. D a ta  on  18 

b i o m e t r i c  c h a r a c t e r s  o f  19 v a r i e t i e s  o f  t u r m e r ic  

g a t h e r e d  fr o m  a f i e l d  t r i a l  c o n d u c te d  b y  t h e  D ep a rtm en t 

o f  P la n t a t i o n  C ro p s , C o l l e g e  o f  H o r t l c u l t u r e ,V e l l a n i k k a r a ,  

T r ic h u r  d u r in g  th e  y e a r  1 9 7 7 -1 9 7 8  w ere  u t i l i s e d  f o r  th e  

s t u d y .  The s a l i e n t  r e s u l t s  o f  th e  i n v e s t i g a t i o n  a re  

sum m arised  b e lo w . ,

The v a r i a b i l i t y  i n  e a c h  c h a r a c t e r  has b e e n  su b 

s t a n t i a t e d  b y  th e  e s t im a t e s  o f  p h e n o t y p ic  and g e n o t y p ic  

c o e f f i c i e n t  o f  v a r i a t i o n s .  F o r  a l l  c h a r a c t e r s ,  g e n o t y p ic
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c o e f f i c i e n t  o f  v a r i a t i o n  was lo w e r  th a n  p h e n o t y p ic  

c o e f f i c i e n t  o f  v a r i a t i o n *  Among th e  c h a r a c t e r s , rh izo m e  

y i e l d  sh ow ed  maximum p h e n o t y p ic  and g e n o t y p i c  c o e f f i 

c i e n t  o f  v a r i a t i o n .  H igh  h e r i t a b i l i t y  e s t im a t e s  w ere  

m a n ife s t e d  b y  g i r t h  o f  m o th e r  rh izom e  a t  c e n t r e  and 

h e ig h t  o f  t h e  p l a n t .  The h ig h e s t  g e n e t i c  a d v a n ce  w it h  

low  h e r i t a b i l i t y  was o b t a in e d  f o r  in t e r n o d a l  d i s t a n c e  

o f  m o th e r  rh izo m e  s u g g e s t in g  th e  r o l e  p la y e d  b y  n o n -  

h e r i t a b l e  v a r i a t i o n .  The h ig h e s t  g e n e t i c  g a in  was 

o b s e r v e d  f o r  rh izom e  y i e l d  f o l l o w e d  b y  h e ig h t  o f  th e  

p l a n t .

Prom  th e  c o r r e l a t i o n  s t u d ie s  i t  was fo u n d  t h a t  

a l l  th e  c h a r a c t e r s  e x c e p t  num ber o f  n o d e s  p e r  m oth er 

rh izo m e  show ed  s i g n i f i c a n t  p o s i t i v e  p h e n o t y p ic  c o r r e l a 

t i o n s  w it h  y i e l d .  L e n g th  o f  s e c o n d a r y  f i n g e r ,  g i r t h  o f  

m oth er  r h iz o m e  a t  c e n t r e ,  num ber o f  n o d e s  p e r  p r im a ry  

f i n g e r ,  l e n g t h  o f  m o th e r  r h iz o m e , l e n g t h  o f  l a s t  f u l l y  

o p e n e d  l e a f ,  p e t i o l e  l e n g t h ,  h e ig h t  o f  t h e  p l a n t  and 

num ber o f  l e a v e s  p e r  t i l l e r  w ere  t h e  c h a r a c t e r s  w h ich  

show ed  s i g n i f i c a n t  p o s i t i v e  g e n o t y p ic  c o r r e l a t i o n s  w it h  

y i e l d .  The i n t e r  c o r r e l a t i o n s  among d i f f e r e n t  c h a r a c t e r s  

w ere  a l s o  w ork ed  o u t .  M ost o f  th e  c h a r a c t e r s  w ere h ig h l y  

i n t e r r e l a t e d  w h ich  l e d  t o  th e  p ro b le m  o f  m u l t i c o l l i n e a r i t y .
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P r i n c i p a l  com p on en t a n a ly s e s  w ere  c o n d u c te d  on 

t h e  p h e n o t y p ic  and g e n o t y p i c  c o r r e l a t i o n  m a t r i c e s  o f  th e  

s e v e n te e n  e x p la n a t o r y  v a r i a b l e s .  The f i r s t  t h r e e  com p on en ts  

o f  th e  P r i n c i p a l  com p on en t a n a ly s is  b a s e d  on  th e  g e n o t y p i c  

c o r r e l a t i o n  m a tr ix  e x p la in e d  a  m a jo r  p a r t  o f  th e  t o t a l  

V a r i a t i o n .  Im p o r ta n t  c h a r a c t e r s  s e l e c t e d  fr o m  t h e s e  

com p on en ts  a r e  i n t e r n o d a l  d i s t a n c e  o f  m oth er  r h iz o m e , g i r t h  o f  

m oth er r h iz o m e  a t  c e n t r e ,  b r e a d t h  o f  l e a f  a t  c e n t r e ,  

h e ig h t  o f  t h e  p l a n t ,  i n t e r n o d a l  d i s t a n c e  o f  p r im a r y  f i n g e r  

and num ber o f  n od es  p e r  s e c o n d a r y  f i n g e r *  The a b ove  

m e n tio n e d  c h a r a c t e r s  w ere  f u r t h e r  u s e d  t o  c o n s t r u c t  t h e  

g e n o t y p i c  s e l e c t i o n  i n d i c e s .

P a th  c o e f f i c i e n t  a n a ly s i s  was a l s o  c a r r i e d  o u t  t o  

s tu d y  d i r e c t  and i n d i r e c t  e f f e c t s  o f  e a c h  o f  t h e  s e l e c t e d  

c h a r a c t e r s  on  y i e l d .  T h ose  c h a r a c t e r s  w h ich  h ad  s i g n i f i c a n t  

g e n o t y p i c  c o r r e l a t i o n s  w ith  y i e l d  a lo n e  w ere  in c lu d e  f o r  

t h e  s t u d y .  The r e s u l t s  o f  th e  a n a ly s i s  show ed  t h a t  h e ig h t  

o f  th e  p l a n t  and le n g t h  o f  s e c o n d a r y  f i n g e r  e x e r t e d  h ig h  

p o s i t i v e  d i r e c t  e f f e c t s  on rh izo m e  y i e l d .  Number o f  le a v e s  

p e r  t i l l e r  and g i r t h  o f  m o th e r  rh izo m e  a t  c e n t r e  a l s o  

show ed p o s i t i v e  d i r e c t  e f f e c t s  on  rh iz o m e  y i e l d .  D i r e c t  

e f f e c t s  o f  num ber o f  n o d e s  p e r  p r im a r y  f i n g e r  and p e t i o l e



le n g t h  w ere  h ig h  b u t  n e g a t i v e .  L en gth  o f  l a s t  f u l l y  

op en ed  l e a f  and le n g t h  o f  p r im a r y  f i n g e r  h ad  r e l a t i v e l y  

s m a l l  n e g a t iv e  d i r e c t  e f f e c t s  on r h iz o m e  y i e l d .  A l l  t h e  

c h a r a c t e r s  h ad  h ig h  p o s i t i v e  i n d i r e c t  e f f e c t s  th ro u g h  

h e ig h t  o f  t h e  p l a n t  and le n g t h  o f  s e c o n d a r y  f i n g e r  on 

rh izo m e  y i e l d .  Thus th e  s t u d y  em p h a s ise d  th e  in p o r t a n c e  

o f  p l a n t  h e i g h t  and le n g t h  o f  s e c o n d a r y  f i n g e r .

P h e n o t y p ic  i n d i c e s  w ere  c o n s t r u c t e d  u s in g  m u l t ip le  

r e g r e s s i o n  t e c h n iq u e  u t i l i s i n g  th e  e i g h t  c h a r a c t e r s  

w h ich  show ed  s i g n i f i c a n t  g e n o t y p i c  c o r r e l a t i o n s  w ith  

y i e l d  and c o e f f i c i e n t s  o f  d e t e r m in a t io n  f o r  t h e  d i f f e r e n t  

m od e ls  e s t im a t e d .  I t  was fo u n d  t h a t  r h iz o m e  y i e l d  c o u ld  

b e  s a t i s f a c t o r i l y  e x p la in e d  b y  a l i n e a r  c o m b in a t io n  o f  

e i g h t  a u x i l i a r y  t r a i t s  n am ely  h e ig h t  o f  t h e  p l a n t ,  le n g t h  

o f  s e c o n d a r y  f i n g e r ,  num ber o f  n od es  p e r  p r im a r y  f i n g e r ,  

p e t i o l e  l e n g t h ,  le n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f ,  number 

o f  l e a v e s  p e r  t i l l e r ,  g i r t h  o f  m oth er r h iz o m e  a t  c e n t r e  

and le n g t h  o f  p r im a r y  f i n g e r .  To i d e n t i f y  th e  b e s t  c r i t e r i o n  

o f  s e l e c t i o n ,  s i x  g ro u p s  o f  p h e n o t y p ic  i n d i c e s  w ere  e v a lu a 

t e d  o n  th e  b a s i s  o f  th e  r e l a t i v e  v a lu e s  o f  c o e f f i c i e n t s  o f  

d e t e r m in a t io n  f o r  d i f f e r e n t  c r i t e r i a  o f  s e l e c t i o n .  From 

t h e  s t u d y  i t  c o u ld  b e  i n f e r r e d  t h a t  a b s o lu t e  v a lu e
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o f  p h e n o t y p ic  c o r r e l a t i o n  c o e f f i c i e n t  w it h  rh izo m e  

y i e l d  i s  t h e  m ost e f f e c t i v e  c r i t e r i o n  f o r  c h o o s in g  .

c h a r a c t e r s  f o r  c o n s t r u c t i n g  p h e n o t y p ic  i n d i c e s  f o l l o w e d  

b y  a b s o lu t e  v a lu e  o f  g e n o t y p i c  c o r r e l a t i o n  c o e f f i c i e n t  

w it h  rh iz o m e  y i e l d .

G e n o ty p ic  s e l e c t i o n  i n d i c e s  w ere  c o n s t r u c t e d  u s in g  

th e  c h a r a c t e r s  s e l e c t e d  th r o u g h  b o t h  p r i n c i p a l  com p on en t 

a n a ly s is  and p a t h - c o e f f i c i e n t  a n a l y s i s .  G e n o ty p ic  s e l e 

c t i o n  i n d i c e s  w ere  a l s o  c o n s t r u c t e d  b y  i n c o r p o r a t i n g  y i e l d  

as an a d d i t i o n a l  v a r i a b l e  i n  a l l  th e  a b o v e  i n d i c e s .  The 

e x p e c t e d  g e n e t i c  a d v a n ce  and p e r c e n t a g e  r e l a t i v e  e f f i 

c i e n c y  o f  in d e x  s e l e c t i o n  o v e r  s t r a i g h t  s e l e c t i o n  w ere  

e s t im a t e d  f o r  a l l  th e  i n d i c e s *  In  a l l  c a s e s  i t  was fo u n d  

t h a t  in d e x  s e l e c t i o n  was b e t t e r  th an  s t r a i g h t  s e l e c t i o n .  

F u r t h e r ,  i t  was n o t i c e d  t h a t  i n c l u s i o n  o f  y i e l d  as an 

a d d i t i o n a l  v a r i a b l e  t o  s e l e c t i o n  i n d i c e s  i n c r e a s e d  t h e i r  

e f f i c i e n c y  c o n s id e r a b ly *

On c o m p a ir in g  t h e  i n d i c e s  d e v e lo p e d  on  th e  b a s i s  

o f  c h a r a c t e r s  s e l e c t e d  t h r o u g h  p r i n c i p a l  com p on en t a n a ly s i s  

and p a t h  c o e f f i c i e n t  a n a ly s i s  w ith  and w it h o u t  i n c o r p o r a t 

i n g  y i e l d  i n t o  th e  l i n e a r  m o d e l, th e  l a t t e r  in d e x  was 

fo u n d  t o  b e  r e l a t i v e l y  m ore e f f i c i e n t  th a n  th e  fo r m e r
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in d e x *  H ence i t  a p p e a rs  t h a t  p a th —c o e f f i c i e n t  a n a ly s i s  i s  

a b e t t e r  m eth od  f o r  i d e n t i f y i n g  th e  m a jo r  y i e l d  c o n t r i 

b u t in g  c h a r a c t e r s  th a n  th e  a n a ly s is  o f  p r i n c i p a l  c o m p o n e n ts . 

Among th e  c l a s s  o f  s e l e c t i o n  i n d i c e s ,  th e  m ost e f f i c i e n t  

in d e x  was t h e  on e  d e v e lo p e d  on th e  b a s i s  o f  a l l  th e  s i x  

c h a r a c t e r s  s e l e c t e d  th r o u g h  p a t h - c o e f f i c i e n t  a n a ly s i s  in  

a d d i t i o n  t o  y i e l d .  The e x p e c t e d  g e n e t i c  a d v a n ce  and 

p e r c e n t a g e  r e l a t i v e  e f f i c i e n c y  o v e r  s t r a i g h t  s e l e c t i o n  

fr o m  t h i s  in d e x  w ere  3 4 .1 9 5 0  and 3 5 4 .8 4  r e s p e c t i v e l y .

T o i d e n t i f y  an optim um  sy s te m  o f  w e ig h t in g  i n  

th e  fr a m in g  o f  d i s c r im in a n t  f u n c t i o n  f o r  p l a n t  s e l e c t i o n ,  

g e n o t y p i c  s e l e c t i o n  i n d i c e s  w ere  fo rm e d  b y  u s in g  v a r io u s  

sy s te m s  o f  w e ig h t in g  and t h e i r  p e r c e n t a g e  r e l a t i v e  e f f i 

c i e n c i e s  o v e r  s t r a i g h t  s e l e c t i o n  w ere  co m p a re d . I t  ca n  

b e  i n f e r r e d  t h a t  e q u a l  e c o n o m ic  w e ig h ta g e  t o  a l l  th e  

s e l e c t e d  c h a r a c t e r s  i s  th e  b e s t  sy stem  o f  w e ig h t in g  t o  

c o n s t r u c t  g e n o t y p i c  s e l e c t i o n  i n d i c e s .

A r e s t r i c t e d  s e l e c t i o n  in d e x  was a l s o  d e v e lo p e d  

b y  im p o s in g  r e s t r i c t i o n s  on t h e  l e n g t h  o f  s e c o n d a r y  

f i n g e r  and i t  was fo u n d  t h a t  s im u lta n e o u s  s e l e c t i o n  

w ith o u t  r e s t r i c t i o n  was m ore b e n e f i c i a l  th a n  s e l e c t i o n  

w it h  r e s t r i c t i o n  on  th e  l e n g t h  o f  s e c o n d a r y  f i n g e r .



1 2 4

In d e x  s c o r e s  w ere  c a l c u l a t e d  f o r  a l l  th e  

v a r i e t i e s  u s in g  th e  m ost e f f i c i e n t  in d e x  and  th e  b e s t  

f i v e  v a r i e t i e s  w ere  s e l e c t e d  on  th e  b a s i s  o f  th e  r e l a 

t i v e  m a g n itu d es  o f  th e  in d e x  s c o r e s .  The p r o m is in g  

v a r i e t i e s  w h ich  c o u l d  b e  recom m ended f o r  f u r t h e r  

p r o p a g a t i o n  I n c lu d e  K u ch u p u d i, C h ayap asu p a , G .b .P u r a m -I I ,  

A rm oor and K od u r.
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abstract

The d i s c r im in a n t  f u n c t i o n  t e c h n iq u e ,W a s  a d o p te d  

f o r  t h e  c o n s t r u c t i o n  o f  s u i t a b l e  s e l e c t i o n  i n d i c e s  f o r  

rh iz o m e  y i e l d ,  i n  t u r m e r ic ,  u t i l i s i n g  t h e  c h a r a c t e r s , 

s e l e c t e d  th r o u g h  p r i n c i p a l  com p on en t a n a ly s i s  and p a t h -  

c o e f f i c i e n t  a n a ly s i s  and  r e l a t i v e  d i s c r i m i n a t i n g  p ow ers  

o f  t h e s e  tw o m u l t i v a r ia t e  t e c h n iq u e s  in  i d e n t i f y i n g  , .

th e  p e r t i n e n t  c h a r a c t e r s  was a l s o  e v a lu a t e d .  D ate- on  

18 b i o m e t r i c  c h a r a c t e r s  o f  19 v a r i e t i e s  o f  t u r m e r ic  

g a t h e r e d  fr o m  a f i e l d  t r i a l  c o n d u c te d  b y  th e  D e p a r t 

m ent o f  P la n t a t io n  C r o p s , C o l le g e  o f  H o r t i c u l t u r e ,  

V e l la n ik k a r a ,  T r i c h u r  d u r in g  t h e  y e a r  1 9 7 7 -1 9 7 8  w ere  

u t i l i s e d  f o r  t h e  s tu d y *  ,

G e n e t ic  p a r a m e te r s  w ere  e s t im a t e d  f o r  a l l  th e  

b i o m e t r i c  c h a r a c t e r s  and i t  was fo u n d  t h a t  h e ig h t  o f  

th e  p la n t  g a v e  h ig h  h e r i t a b i l i t y  co m b in e d  w it h  h ig h  

g e n e t i c  a d v a n ce  and g e n e t i c  g a in  w h ich  r e v e a le d  th e  

im p o r ta n c e  o f  th e  c h a r a c t e r  i n  s e l e c t i o n *  The c o r r e l a t i o n  

s t u d i e s  r e v e a le d  t h a t  m o st  o f  th e  c h a r a c t e r s  w ere  h i g h l y  

i n t e r  c o r r e l a t e d  among th e m s e lv e s  *

When p r i n c i p a l  com p on en t a n a ly s i s  was a tte m p te d  

on t h e  p h e n o t y p ic  c o r r e l a t i o n  m a t r ix ,  t h e  f i r s t  f o u r  

com p on en ts  c o n t r i b u t e d  a b o u t  75 p e r  c e n t  to w a rd s  th e



t o t a l  v a r i a t i o n  w h erea s  p r i n c i p a l  com p on en t a n a ly s i s  ' 

c o n d u c te d  on  g e n o t y p i c  c o r r e l a t i o n  m a tr ix  t h e  f i r s t  t h r e e  

com p on en ts  a lo n e  e x p la in e d  a b o u t  92 p e r  c e n t  o f  t h e  t o t a l  

V a r i a t i o n .  The im p o r t a n t  c h a r a c t e r s i d e h t i f l e d  fr o m  t h e  

a n a ly s i s  o f  p r i n c i p a l  com p on en ts  u s in g  g e n o t y p i c  c o r r e l a 

t i o n  m a tr ix  in c lu d e  in t e r n o d a l  d i s t a n c e  o f  m oth er  r h iz o m e , 

g i r t h  o f  m oth er  rh iz o m e  a t  c e n t r e ,  b r e a d t h  o f  l e a f  a t  

c e & tr e , h e ig h t  o f  th e  p l a n t ,  i n t e r n o d a l  d i s t a n c e  o f  

p r im a r y  f i n g e r  and  num ber o f  n o d e s  p e r  s e c o n d a r y  f i n g e r .

P a t h - c o e f f i c i e n t  a n a ly s i s  r e v e a le d  t h a t  h e ig h t  o f  

t h e  p l a n t  and l e n g t h  o f  s e c o n d a r y  f i n g e r  w ere  m a jo r  c o n -  

t r i b u t e r s  to w a rd s  -bfee rh izo m e  y i e l d .  D i r e c t  e f f e c t s  o f  

num ber o f  l e a v e s  p e r  t i l l e r  and  g i r t h  o f  m oth er rh iz o m e  

w ere  p o s i t i v e  w h ere  as num ber o f  n o d e s  p e r  p r im a r y  f i n g e r  

, and p e t i o l e  le n g t h  h a d  h ig h  n e g a t iv e  d i r e c t  e f f e c t s  on 

rh iz o m e  y i e l d .

M u l t ip le  r e g r e s s i o n  e q u a t io n s  f i t t e d  f o r  t h e  

d i f f e r e n t  c o m b in a t io n s  o f  s e l e c t e d  b i o m e t r i c  c h a r a c t e r s  

r e v e a le d  t h a t  h e ig h t  o f  t h e  p l a n t ,  le n g t h  o f  s e c o n d a r y  

f i n g e r ,  num ber o f  n od es  p e r  p r im a r y  f i n g e r ,  p e t i o l e  

l e n g t h ,  num ber o f  l e a v e s  p e r  t i l l e r ,  g i r t h  o f  m o th e r  rh izo m e  

a t  c e n t r e ,  l e n g t h  o f  l a s t  f u l l y  o p e n e d  l e a f  and le n g t h  

o f  p r im a r y  f i n g e r  a r e  c o l l e c t i v e l y  r e s p o n s i b l e  f o r  a 

m a jo r  p o r t i o n  o f  p h e n o t y p ic  v a r i a t i o n  in  u l t im a t e  rh izo m e



y i e l d .  I t  w as a l s o  fo u n d  t h a t  a b s o lu t e  v a lu e  o f  p h en o 

t y p i c  c o r r e l a t i o n  w ith  y i e l d  was th e  m o s t  e f f e c t i v e  

c r i t e r i o n  f o r  c h o o s in g  c h a r a c t e r s  f o r  c o n s t r u c t i n g  

p h e n o t y p ic  i n d i c e s .

G e n o ty p ic  s e l e c t i o n  i n d i c e s  w ere  c o n s t r u c t e d  f o r  

d i f f e r e n t  c o m b in a t io n s  o f  c h a r a c t e r s  th r o u g h  P r i n c i p a l  

com p on en t a n a ly s i s  and p a t h - c o e f f i c i e n t  a n a ly s i s  s e p a r a 

t e l y ,  w it h  and  w it h o u t  i n c l u d i n g  r h iz o m e  y i e l d  and t h e i r  

r e l a t i v e  e f f i c i e n c i e s  co m p a re d . The r e s u l t  i n d i c a t e d  

t h a t  p a t h - c o e f f i c i e n t  a n a ly s i s  seem ed  t o  b e  s u p e r i o r  t o  

p r i n c i p a l  com p on en t a n a ly s i s  i n  i d e n t i f y i n g  im p o r ta n t  

y i e l d  c o n t r i b u t i n g  c h a r a c t e r s .  I t  was a l s o  fo u n d  t h a t  

th e  s y s te m  o f  a s s ig n in g  e q u a l  e c o n o m ic  w e ig h ts  t o  th e  

s e l e c t e d  t r a i t s  was t h s  m ore e f f i c i e n t  th a n  t h e  o t h e r  

sy s te m s  o f  w e ig h t in g .

I n d e x  s c o r e s  f o r  th e  d i f f e r e n t  v a r i e t i e s  w ere  

d e te r m in e d  fr o m  t h e  m o st  e f f i c i e n t  g e n o t y p i c  s e l e c t i o n  

in d e x  and t h e  b e s t  f i v e  v a r i e t i e s  w ere  i d e n t i f i e d  f o r  

f u r t h e r  p r o p a g a t i o n .  T hey  a r e  K u ch u p u d i, Chayapasupa# 

G .L .P u ra m -IX , Artnoor and K od u r .


