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S u m m a r y .  Adaptat ion r e a c t i o n s  of 33 genotypes  of s a f f l ower  Garthamus t ine tor ius  L. w e r e  s tudied  under  7 di f -  
f e ren t  c l i m a t i c  condi t ions .  The genotpyes  w e r e  divided into two s e t s .  Set I c o n s i s t e d  of  15 genotpyes  s e l e c t e d  
f rom the local  popula t ions .  Set II had 15 in t roduced  and local  v a r i e t i e s .  Three  con t ro l  geno tpyes ,  Ute, F e r i o ,  
and Local Arak ,  w e r e  c o m m o n  to both s e t s .  

G e n o t p y e - e n v i r o n m e n t  i n t e r a c t i o n  was not s igni f icant  for  Set I but it was highly s igni f icant  fo r  Set II. Three  
e nv i ronmen ta l  ind ices  w e r e  obta ined and used  in the adaptat ion ana lyses  of the genotpyes  in Set II. One of the 
e nv i ronmen ta l  i nd ices ,  des igna ted  EI, was dependent on the genotypes  of Set II. The o ther  two i n d i c e s ,  de s ign -  
ated EI-1 and E I -2 ,  w e r e  independent  of the genotpyes  of Set II. The methods  of E b e r h a r t  and Russe l l  (1966) 
w e r e  used  in ana lyses  of adaptat ion by Index EI and the methods  of F r e e m a n  and Pe rk in s  (1971) for  Indices  
EI-1 and E I -2 .  

The m e a n  s q u a r e  a s s o c i a t e d  with g e n o t y p e - e n v i r o n m e n t  i n t e r ac t i on  was pa r t i t i oned  into two componen t s ,  
h e t e r o g e n e i t y  of r e g r e s s i o n  and i ts  r e s i d u a l ,  under  EI-1 and EI -2 .  Both components  w e r e  highly s ign i f ican t  
fo r  both c a s e s .  Howeve r ,  the mean  s q u a r e  of h e t e r o g e n e i t y  of r e g r e s s i o n  was equal to i ts  r e s idua l  under  EI-1  
and even  s m a l l e r  than i ts  r e s idua l  under  EI -2 .  These  o b s e r v a t i o n s  indica te  that a m a j o r  pa r t  of g e n o t p y e - e n -  
v i r o n m e n t  i n t e r a c t i o n  can  not be accounted  for  by d i f f e r ences  in the r e g r e s s i o n s  of the individual  geno types .  As 
well as th is  o v e r a l l  t e s t ,  individual  r e g r e s s i o n  ana lyses  for  s ing le  genotypes  w e r e  a lso  c o n s i d e r e d .  None of the 
genotypes  had s ign i f ican t  r e g r e s s i o n  mean  s q u a r e  under  E I -1 .  Only two in t roduced  genotypes  had s igni f icant  r e -  
g r e s s i o n  mean  s q u a r e s  when EI-2 was used.  The ove ra l l  t e s t  of equal i ty  of the s lopes  of the  r e g r e s s i o n  fo r  the 
genotypes  of Set II was r e j e c t e d  at the 1 ~ l eve l  under  EI.  This t e s t  ind ica ted  that genotypes  of Set II w e r e  s i g n i -  
f icant ly  d i f fe ren t  in t he i r  a s s o c i a t i o n  with the EI.  The s igni f icant  d i f f e r ences  among the genotypes  of Set II w e r e  
a lso  shown by an F t es t  of the pooled  dev ia t ion  mean  s q u a r e  divided by the pooled e r r o r  mean  s q u a r e .  Individual 
r e g r e s s i o n  ana ly se s  for  s ing le  genotpyes  of Set II w e r e  c o n s i d e r e d  under  EI.  Mixed adaptat ion r e a c t i o n s  w e r e  
o b s e r v e d  for  d i f fe ren t  geno types .  Among 18 genotypes  of Set II, r e g r e s s i o n  mean  s q u a r e s  w e r e  s ign i f ican t  for  
only 10 geno tpyes .  T h e r e f o r e ,  it appea red  that the dependent env i ronmen ta l  ind ices  a r e  m o r e  useful  than the in-  
dependent  e n v i r o n m e n t a l  ind ices  when s t a t i s t i c a l  theory  of r e g r e s s i o n  is  used  in the ana lys i s  of adaptat ion.  Ob- 
s e r v a t i o n s  in the p r e s e n t  study w e r e  not in a g r e e m e n t  with the hypothes is  that the r e l a t i o n  be tween the p e r f o r -  
m a n c e  of d i f fe ren t  genotypes  in the va r i ous  e n v i r o n m e n t s  and s o m e  m e a s u r e  of  t he se  e n v i r o n m e n t s  is  l i n e a r  o r  
n e a r l y  so .  

Among the 12 in t roduced  genotypes ,  only one,  Ute, was iden t i f ied  as s t ab le  and h igh -y ie ld ing .  Among the 15 
s e l e c t e d  f rom the loca l ly  adapted populat ions ,  e l even  did not d i f fe r  s ign i f i can t ly  f rom Ute in mean  y ie ld  but four  
e x c e e d e d  Ute s ign i f i can t ly  in m e a n  p roduc t iv i ty .  The p r e s e n t  study thus ind ica tes  that the I r an ian  s a f f l ower  b r e e -  
ding p r o j e c t  has  been succe s s fu l  in ident i fying genotpyes  which g ive  high and s tab le  y ie lds  under  d i v e r s e  e n v i r o n -  
menta l  condi t ions .  It does not ind ica te  that in t roduced  and exot ic  g e r m p l a s m s  a re  un impor tan t  in the b reed ing  
p r o j e c t s  ; it is  qui te  pos s ib l e  that s t i l l  m o r e  d e s i r a b l e  genotypes  can be deve loped  by i nco rpo ra t i ng  i n t r o d u c e d g e n -  
e t ic  v a r i a b i l i t y  into the local  g e r m p l a s m .  

In t roduc t ion  

G e n o t y p e - e n v i r o n m e n t  i n t e r a c t i o n  ( G E ) ,  i .  e . ,  the  

f a i l u r e  of  genotpyes  to p e r f o r m  cons i s t en t ly  r e l a t i v e  

to each  o the r  under  d i f ferent  e n v i r o n m e n t s ,  has long 

been  r e c o g n i z e d .  Di f fe ren t  methods  have  been sug-  

g e s t e d  to m e a s u r e  the componen t s  of GE and t h e i r  i m -  

p l i ca t ions  in appl ied  plant b reed ing  in t e r m s  of geno-  

type x loca t ion ,  genotype  x y e a r ,  and genotype  x l o -  

* A s s o c i a t e  P r o f e s s o r s  and Plant  B r e e d e r  

ca t ion  • y e a r  ( e . g . ,  A l l a r d  and Bradshaw 1964, Han-  

son 1964, Knight 1970, P roceddu  1970).  

These methods ,  i . e . ,  convent ional  ana lys i s  of v a r -  

i ance ,  do not p rov ide  i n fo rma t ion  about the individual  

con t r ibu t ion  of genotypes  to componen t s  of  GE.  How- 

e v e r ,  they p rov ide  an ind ica t ion  of o v e r a l l  i m p o r t a n c e  

of GE and i ts  componen t s .  P l a i s t e d  and P e t e r s o n  ( 1959) 

sugges t ed  a t echn ique  fo r  e s t i m a t i n g  the con t r ibu t ion  

of individual  genotypes  to GE.  Howeve r ,  when l a r g e  

n u m b e r s  of genotpyes  a r e  involved ,  th is  t echn ique  be-  

c o m e s  ted ious .  
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Seve ra l  methods  have  been deve loped  to e s t i m a t e  

GE in t e r m s  of p a r a m e t e r s  r e s p o n s i b l e  for  phenotypic 

s tab i l i ty  and adaptat ion r e a c t i o n s  of individual  geno-  

types .  These methods  have  been r e v i e w e d  in a c o m p r e -  

hens ive  a r t i c l e  by F r e e m a n  (1973) .  

Yates  and Coch ran  (1938) ,  F in lay  and Wilkinson 

(1963) ,  E b e r h a r t  and Russe l l  (1966) ,  and Pe rk ins  

and J inks  ( 1968) o b s e r v e d  that the r e l a t i o n  be tween  

p e r f o r m a n c e  of d i f ferent  genotypes  in va r i ous  e n v i r o n -  

ments  and s o m e  m e a s u r e  of t he se  e n v i r o n m e n t s  is  

f requen t ly  l i n e a r .  At tent ion  has  thus been paid to the 

m e a s u r e m e n t  of env i ronmen ta l  r e s p o n s e  fo r  d i f ferent  

genotypes .  F o r  this  pu rpose ,  s t a t i s t i ca l  t heo ry  of r e -  

g r e s s i o n  has been employed  and d i f ferent  sugges t ions  

have been made fo r  m e a s u r i n g  e n v i r o n m e n t s .  

This paper  r e p o r t s  a study of adaptat ion of two dif-  

f e ren t  s e t s  of sa f f lower  genotpyes ,  including 33 local  

and in t roduced  c u l t i v a r s .  Also ,  the adaptat ion r e a c -  

t ions  of individual  genotpyes  in one of the s e t s  a r e  c o m -  

p a r e d  when one dependent and two independent  e n v i r o n -  

menta l  ind ices  a r e  employed .  These  env i ronmen ta l  in -  

d ices  w e r e  m e a s u r e d  b io log ica l ly .  

Ma te r i a l  and Methods 

Two s e t s  of 18 genotypes  of s a f f l ower  w e r e  planted 
s e p a r a t e l y  at each  of 9 loca t ions  in I ran  in 1973. Since 
heavy damage  by d i s e a s e s  and i n sec t s  was o b s e r v e d  in 
two loca t ions ,  data  of 7 loca t ions  w e r e  c o n s i d e r e d  fo r  
ana lys i s .  These  loca t ions  inc luded :  1 - Va ramin ,  2 - 
K e r m a n s h a h ,  3 - Darab ,  4 - Ze rghan ,  5 - Hamadan,  
6 - Khoramabad ,  and 7 - Torogh.  Di f fe ren t  e n v i r o n -  
menta l  condi t ions  w e r e  evident  fo r  each  of the l o c a -  
t ions :  a l t i tude r anged  f r o m  838 m to 1322 m, la t i tude  
d i f f e red  f rom 28.~ to 36.~ longi tude r a n g e d f r o m  
47720E to 59.~ amount of r a in fa l l  during e x p e r i -  
ment  r anged  f r o m  8 mm to 199 ram,  and mean  t e m p e -  
r a t u r e  v a r i e d  f r o m  19~ to 3 5 . 5 ~  

The two se t s  had 3 genotypes ,  Ute, F e r i o ,  and Lo- 
cal  Arak ,  in c o m m o n .  Thus a to ta l  number  of 33 geno-  
types  w e r e  used  in th is  s tudy.  In addit ion to the 3 con-  
t ro l  genotypes ,  the fol lowing 15 genotypes  w e r e  in -  

e l u d e d  in the f i r s t  se t :  V49-236, V49-251,  V49-280, 
V49-287, V49-307, V49-415, V57-63,  V50-165, VS0- 
166, V50-167,  V50-190,  V50-237,  V50-241,  V50-243, 
and V49-338.  These genotypes  a r e  s e l e c t e d  l ines  f r o m  
d i f fe ren t  local  populat ions  of sa f f lower  f r o m  I ran .  

The genotypes  in the second  se t  w e r e  Neb. 852, 
U.S .  10, U . C .  1, Gi la ,  Neb. 10, Local Esfahan,  Lo- 
cal  Marand ,  Local Reza l eh ,  Local Mashad 3150, Local 
Mashad3151 ,  Pac i f i c ,  Lid 41, Dar t  45, C . G . L .  88, 
and C . G . L .  112, p lus  the 3 cont ro l  v a r i e t i e s .  

A r a n d o m i z e d  c o m p l e t e  block des ign with 4 r e p l i -  
ca t ions  was used  fo r  each  se t  of genotypes  at each  l o -  
ca t ion .  Each  e x p e r i m e n t a l  plot c o n s i s t e d  of four  11 .0m 
rows  spaced  0 .50  m apar t ,  with 0 .10 m spacin~ of 
plants  within r o w s .  The e x p e r i m e n t s  w e r e  i r r i g a t e d  
as needed.  B e f o r e  h a r v e s t i n g ,  0 .50  m was d i s c a r d e d  
f rom each  end of the rows  and only the two middle  rows  

in each  e x p e r i m e n t a l  plot w e r e  h a r v e s t e d .  Seed y ie ld  
was r e c o r d e d  in tons pe r  h e c t a r e .  

G eno type -env i ronm en t  i n t e r ac t i on  was not s i gn i -  
v icant  for  the f i r s t  se t  of genotypes  and ana lys i s  of 
adaptat ion was thus not c a r r i e d  out;  however ,  the data  
w e r e  used  to ca l cu l a t e  env i ronmen ta l  ind ices .  Three  
env i ronmen ta l  ind ices  w e r e  ca l cu l a t ed  and used  in the 
adaptat ion ana lys i s  of the genotypes  in the second  se t ,  
which showed highly s igni f icant  GE i n t e r a c t i o n s .  

The methods  used  for  m e a s u r i n g  the env i ronmen ta l  
ind ices  w e r e  as fo l lows:  
1 - The p r o c e d u r e  out l ined  by E b e r h a r t  and Russe l l  
(1966) ,  using the data  of the second  se t .  This se t  of 
env i ronmen ta l  ind ices  is  t h e r e f o r e  dependent on the 
genotypes  in the second  se t .  This se t  is  des igna ted  EI.  
2 - Ca lcu la t ing  an env i ronmen ta l  index for  individual  
env i ronm en t s  f rom the devia t ion  of mean  p e r f o r m a n c e  
of the cont ro l  genotypes  in a p a r t i c u l a r  env i ronmen t  
f r o m  the g rand  mean  of the cont ro l  genotypes  o v e r  all 
e n v i r o n m e n t s .  This se t  of env i ronmen ta l  ind ices  is 
based  on combined  data of cont ro l  v a r i e t i e s  o v e r  both 
se t s  and it is  thus independent  of the 15 r e m a i n i n g  
genotypes  of the second  se t .  This index is  des igna ted  
EI -1 .  
3 - This method  was s i m i l a r  to the second  method  
except  data  of the f i r s t  se t  of genotypes  (exc lud ing  the 
con t ro l s )  w e r e  used .  This set  of env i ronmen ta l  ind ices  
is  thus independent  f rom the 18 genotypes  of the second  
set  and des igna ted  E I -2 .  

In the ana lys i s  of adaptat ion,  each  env i ronmen ta l  
index was coded  by sub t rac t ing  the mean  of e n v i r o n -  
menta l  ind ices  f rom it .  Thus, the sum of e n v i r o n m e n -  
tal ind ices  for  EI,  E I -1 ,  and EI-2  was equal to z e r o .  

Resu l t s  and D i scus s ion  

Set I: The ana lys i s  of v a r i a n c e  fo r  the genotypes  of 

Set I, including and excluding the cont ro l  genotypes ,  

is  p r e s e n t e d  in Table 1. Highly s igni f icant  d i f f e r ences  

w e r e  o b s e r v e d  between e n v i r o n m e n t s  ( loca t ions )  o v e r  

genotypes  in both o a s e s .  Mean p e r f o r m a n c e  of the 

genotypes  o v e r  e n v i r o n m e n t s  was a lso  s ign i f i can t ly  

d i f ferent  in both c a s e s .  However ,  GE i n t e r a c t i o n  was 

not s igni f icant  in e i t he r  c a s e .  

Table 1. Ana lys i s  of v a r i a n c e  fo r  the genotypes  of Set I 
including and excluding the con t ro l  genotypes  

All genotypes  Excluding con t ro l  
genotypes  

Source  of 
v a r i a t i o n  df Mean df Mean 

s q u a r e s  s q u a r e s  

E n v i r o n m e n t s  (E)  6 13.834 ~ 6 11. 136 ~e 
Rep.  (E)  21 0.337 21 0.280 
Genotypes  (G) 17 0. 1984.~ 14 0. 196 ~ 
In t e rac t ion  (GE) 102 0.077 ~8 64 0.068 nj 
E r r o r  357 0.073 294 0.078 

** Signif icant  at the 1 ~ l eve l  
,s Not s ign i f ican t  at the 5 ~ l eve l  
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Table 2. A n a l y s i s  of v a r i a n c e  for  the genotypes  of Set II 
including and excluding the con t ro l  genotypes  

All genotypes  Excluding  con t ro l  
genotypes  

Source  of 
v a r i a t i o n  df Mean df Mean 

s q u a r e s  s q u a r e s  

E n v i r o n m e n t s  (E)  6 3 . 651"*  6 3 .054** 
Rep.  21 0.156 21 0 .154 
G e n o t y p e s ( G )  17 0 .304**  14 0 .228**  
In t e r ac t i on  (GE) 102 0. 204** 84 0. 200** 
E r r o r  357 0.057 294 0.055 

~* Signif icant  at the 1% leve l  

B e c a u s e  GE i n t e r a c t i o n  was not s igni f icant  for  the 

f i r s t  se t  of geno types ,  a n a l y s e s  of adaptat ion w e r e  not 

c a r r i e d  out fo r  t he se  geno types .  However ,  the data  of 

Set I w e r e  used  to compute  independent  env i ronm en ta l  

ind ices  (EI -1  and E I -2 )  to be used  in the adaptat ion 

ana lys i s  of the geno types  in Set II. These  e n v i r o n m e n -  

tal i nd ices  w e r e  expec ted  to be va l id  if  s i m i l a r  env i -  

r onmen ta l  condi t ions  p e r s i s t e d  fo r  both se t s  of geno-  

types  within each  loca t ion .  

S i m i l a r i t y  of env i ronmen ta l  condi t ions  was t e s t e d  

in two s t eps :  (1) homogene i ty  of the e r r o r  mean  

s q u a r e s  for  both s e t s  of genotypes  within each  l o c a -  

t ion was t e s t e d  by the F t e s t ;  (2) m e a n  p e r f o r m a n c e  

of each  con t ro l  genotype in the f i r s t  se t  was c o m p a r e d  

with m e a n  p e r f o r m a n c e  of the c o r r e s p o n d i n g  cont ro l  

genotypes  in the s econd  se t .  The e r r o r  mean  s q u a r e s  

for  both s e t s  of genotypes  w e r e  homogeneous  within 

each  loca t ion  except  fo r  l oca t ion  4. A pooled  e r r o r  

m e a n  s q u a r e  was acco rd ing ly  compu ted  for  each  l o -  

ca t ion  except  loca t ion  4 and it was used  to c o m p a r e  

the m e a n  y ie ld  of individual  con t ro l  genotypes  in both 

s e t s .  F o r  loca t ion  4, both e r r o r  m e a n  s q u a r e s  w e r e  

used .  Among 21 c o m p a r i s o n s  (3 con t ro l  genotypes  • 

7 loca t ions )  only four  c o m p a r i s o n s  w e r e  s ign i f i can t .  

It was t h e r e f o r e  conc luded  that the env i ronmen ta l  in -  

d ices  obta ined  f rom data of Set I w e r e  useful  e s t i m a t e s  

of env i ronmen ta l  condi t ions  which p e r s i s t e d  fo r  the  

genotypes  of Set II. 

Set II: The ana lys i s  of v a r i a n c e  fo r  the genotypes  

of Set II, including and excluding the con t ro l  genotypes ,  

is  p r e s e n t e d  in Table 2. Highly s ign i f ican t  d i f f e r e n c e s  

w e r e  o b s e r v e d  among e n v i r o n m e n t s ,  among genotypes ,  

and fo r  GE in t e r ac t i ons  in both c a s e s .  E s t i m a t e s  of 

i n t e r ac t i on  component  of v a r i a n c e  (~'~E) for  the two 

c a s e s  w e r e  0. 0363 and0.  0362, r e s p e c t i v e l y .  E s t i m a t e s  

of gene t ic  component  of v a r i a n c e  (~G) fo r  the two c a s e s  

w e r e  0. 0088 and 0. 0061, r e s p e c t i v e l y .  

Ana lyses  of adaptat ion w e r e  c a r r i e d  out for  the 

genotypes  of Set II using EI (dependent  env i ronmen ta l  

ind ices )  and EI-1 and EI-2  ( independent  e n v i r o n m e n -  

tal ind ices )  for  15 genotpyes  and all genotypes ,  r e -  

s p e c t i v e l y .  E nv i ronm en ta l  means  and ind ices  a r e  

p r e s e n t e d  in Table 3. 

The methods  of E b e r h a r t  and Russe l l  (1966) w e r e  

fol lowed when EI was used  in the ana lys i s  of adap ta -  

t ion.  The r a t io  of two mean  s q u a r e s  (MS 2 and MS 3) 

was 7 .059  with 17 and 90 d e g r e e s  of f r e e d o m .  This 

va lue  is  s ign i f ican t  at the 1% l e v e l ,  indica t ing  l a r g e  

d i f f e r ences  be tween the r e g r e s s i o n  l ines  of d i f fe ren t  

genotypes .  The e s t i m a t e  of the pooled e r r o r  ( the  v a r -  

i ance  of a genotype m e a n  fo r  the j th e n v i r o n m e n t )  was 

Table 3. E n v i r o n m e n t a l  m e a n s  and ind ices  used  in the ana lys i s  of adapta t ion of the geno-  
types  in Set II 

Env i ronmen ta l  means  and ind ices  
I t ems  Mean 

1 2 3 4 5 6 7 

mean  t 1.428 1.335 1.861 1.642 1.224 1.665 1.367 1.503 
EI index -0 .075  -0 .168  0.358 0o139 - 0 . 2 7 9  0.162 -0 .136  0 .0  

m e a n  1~ 1.470 2.141 2.161 1.345 1.438 1.342 1.635 
EI-1 index 0.087 -0 .165  0.506 0.526 - 0 . 2 9 0  -0 .197  -0 .293  0 . 0  

m e a n  w 1.628 1.595 2 .297 2 .350 1.300 1.384 1.453 1.715 
EI-2  index -0 .087  - 0 . 1 2 0  0.582 0 .635 -0 .415  -0 .331  -0 .262  0 .0  

t Mean of  all genotypes  in Set II 
Mean of con t ro l  genotypes  in both s e t s  

w Mean of 15 genotypes  in Set I (exc luding  con t ro l  genotypes)  
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T a b l e  4. S t a t i s t i c s  c a l c u l a t e d  in  a d a p t a t i o n  a n a l y s i s  of  t h e  g e n o t y p e s  i n  Se t  II u s i n g  
d e p e n d e n t  e n v i r o n m e n t a l  i n d i c e s  ( E I )  

G e n o t y p e  M e a n  R e g r e s s i o n  D e v i ~ i o n  b D e v .  M S / P o o l e d  e r r o r  
no.  ( t o n / h a )  MS (10  - ~ )  MS (10  - ~  ) 

1 1 . 6 3 9 t  4194 ~* 105 1 . 1 7 5  0 . 7 2 9  as 
2 1 . 6 0 8 ~  3792 ~ 443 1 . 1 1 7  3 . 0 7 6  ~ 
3 1 . 6 0 0  ~ 3348 ~ 387 1 . 0 5 0  2 . 6 8 8  ~ 
4 1 . 4 2 6  5741 ~ 673  1 . 3 7 5  4 . 6 7 4  ~ 
5 1 . 3 7 0  5954 ~ 756 1 . 4 0 0  5 . 2 5 0  ~ 
6 1 . 6 3 2  r 5958 ~ 614  1 . 4 0 0  4 . 2 6 4  ~ 
7 1 . 4 7 3  2329  ~" 923 0 . 8 7 5  6 . 4 1 0  
8 1 . 4 4 8  559 "8 286 0 . 4 2 9  1 . 9 8 6  
9 1 . 3 5 4  111 "5 248 0 . 1 9 1  1 . 7 2 2  

10 1 . 4 5 2  1376 "s 408 0 . 6 7 3  2 . 8 3 3  
11 1 . 6 7 6  1884 na 1139 0 . 7 8 7  7 . 9 1 0  
12 1 . 6 1 4  2651 ~ 621 0 . 9 3 4  4 . 3 1 3  
13 1 . 3 4 8  4450 na 893 1 . 2 1 0  6 . 2 0 1  
14 1 . 5 2 0  4631 ~ 482 1 . 2 3 4  3 . 3 4 7  ~ 
15 1 . 4 4 9  2280  ~ 191 0 . 8 6 6  1 . 3 2 6  ns 
16 1. 501 2560  as 406 0 .  918 2.  819  
17 1 . 4 2 1  2747 ~ 244  0 . 9 5 1  1 . 6 9 4  n" 
18 1 . 5 2 4  6186 ~ 272 1 . 4 2 7  1 . 8 8 9  u' 

t M e a n s  g r e a t e r  t h a n  g r a n d  m e a n  by  2 s  
*, ** S i g n i f i c a n t  at  t h e  5 g a n d  1 ~ l e v e l ,  r e s p e c t i v e l y  
n, Not s i g n i f i c a n t  at  t h e  5 ~ l e v e l  

0 . 0 1 4 4  w i t h  357 d e g r e e s  of f r e e d o m .  P o o l e d  e r r o r  

w a s  u s e d  to  t e s t  t h e  d e v i a t i o n s  f r o m  r e g r e s s i o n  f o r  

e a c h  of  t h e  g e n o t y p e s .  

The s t a t i s t i c s  c o m p u t e d  to  d e t e r m i n e  t h e  a d a p t a t i o n  

r e a c t i o n s  o f  i n d i v i d u a l  g e n o t y p e s  of  Se t  II w h e n  EI  w a s  

u s e d  a r e  p r e s e n t e d  in  T a b l e  4.  A m o n g  18 g e n o t y p e s  of  

Se t  II ,  r e g r e s s i o n  m e a n  s q u a r e s  w e r e  s i g n i f i c a n t  f o r  

o n l y  10 g e n o t y p e s .  T h e r e f o r e ,  t h e  m e a n  p e r f o r m a n c e  

of  t h e s e  10 g e n o t y p e s  w a s  l i n e a r l y  a s s o c i a t e d  w i th  

v a r y i n g  e n v i r o n m e n t s  a n d  c o u l d  a c c o r d i n g l y  b e  p r e -  

d i c t e d .  The  r e g r e s s i o n  m e a n  s q u a r e  of  t h e  r e m a i n i n g  

8 g e n o t y p e s  w a s  not  s i g n i f i c a n t ;  t h u s  t h e i r  p e r f o r -  

m a n c e  c o u l d  not  b e  p r e d i c t e d  by  a l i n e a r  r e l a t i o n  w i t h  

t h e  e n v i r o n m e n t s .  T h e s e  o b s e r v a t i o n s  a r e  no t  i n  a c -  

c o r d  w i t h  t h e  h y p o t h e s i s  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  

t h e  p e r f o r m a n c e  of  d i f f e r e n t  g e n o t y p e s  i n  v a r i o u s  e n -  

v i r o n m e n t s  a n d  m e a s u r e s  of  t h e s e  e n v i r o n m e n t s  i s  

l i n e a r .  

A c c o r d i n g  to  t h e  d e f i n i t i o n  g i v e n  by  E b e r h a r t  a n d  

R u s s e l l  ( 1 9 6 6 ) ,  a d e s i r a b l e  g e n o t y p e  s h o u l d  h a v e  a 

h i g h  m e a n ,  u n i t  r e g r e s s i o n  c o e f f i c i e n t  a n d  t h e  d e v i a -  

t i o n  f r o m  r e g r e s s i o n  a s  s m a l l  a s  p o s s i b l e .  N o n e  of  

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  w a s  s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  u n i t y  f o r  t h e  t e n  g e n o t y p e s  of  Se t  II .  H o w e v e r ,  

a m o n g  t h e  t e n  g e n o t y p e s  o n l y  f o u r ,  U te ,  L id  41,  C . G .  

L. 88 ,  a n d  C . G . L .  112,  s h o w e d  n o n - s i g n i f i c a n t  d e v i a -  

t i o n s  f r o m  r e g r e s s i o n .  T h u s ,  t h e  f o u r  g e n o t y p e s  m e n -  

t i o n e d  a b o v e  m e e t  t h e  c r i t e r i a  of  h i g h  a d a p t a t i o n .  The  

m e a n  p e r f o r m a n c e  of  Ute  w a s  s i g n i f i c a n t l y  g r e a t e r  

t h a n  t h e  m e a n  p e r f o r m a n c e  of  t h r e e  o t h e r  a d a p t e d  

g e n o t y p e s .  

The  m e t h o d s  of  F r e e m a n  a n d  P e r k i n s  ( 1971 ) w e r e  

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

( E I - 1  a n d  E I - 2 )  w e r e  u s e d  to  m e a s u r e  t h e  a d a p t a t i o n  

r e a c t i o n s  of  i n d i v i d u a l  g e n o t y p e s  of  Se t  II .  I n d e p e n -  

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

b i o l o g i c a l l y  o r  p h y s i c a l l y .  B e c a u s e  t h e  e x a c t  n a t u r e  

of  t h e  e n v i r o n m e n t a l  v a r i a b l e s  i s  r a r e l y  k n o w n ,  i t  i s  

not  o f t e n  p o s s i b l e  to  u s e  p h y s i c a l  m e a s u r e s  of  e n v i -  

r o n m e n t s .  B i o l o g i c a l  m e a s u r e s  of  e n v i r o n m e n t s  a r e  

u s u a l l y  m a d e  by  i n c l u d i n g  a s i n g l e  o r  l i m i t e d  n u m b e r  

of c o n t r o l  g e n o t y p e s  o r  a s e t  of  g e n o t y p e s  c l o s e l y  r e -  

l a t e d  to  t h e  g e n o t y p e s  u n d e r  t e s t .  

In  t h i s  s t u d y ,  t h e  m e a n  y i e l d s  of  t h e  t h r e e  c o n t r o l  

g e n o t y p e s  w e r e  u s e d  to  m e a s u r e  a s e t  of  i n d e p e n d e n t  

e n v i r o n m e n t a l  i n d i c e s  ( E I - 1 ) .  The  a n a l y s i s  of  v a r i -  

a n c e  f o r  t h e  r e m a i n i n g  15 g e n o t y p e s  of  Se t  II ,  u s i n g  

E I - 1  a s  a m e a s u r e ,  i s  g i v e n  i n T a b l e  5. S o u r c e s  3, 4, 

7 ,  a n d  8 in  T a b l e  5 a r e  s i g n i f i c a n t  at  t h e  1 ~ l e v e l  w h e n  

c o m p a r e d  w i t h  t h e  e r r o r .  The  c o m b i n e d  r e g r e s s i o n  

m e a n  s q u a r e s  s i g n i f i c a n t  a t  t h e  10 ~ l e v e l  w h e n  t e s t e d  

a g a i n s t  i t s  r e s i d u a l  m e a n  s q u a r e ,  i n d i c a t i n g  t h a t  E I - 1  
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Table 5. Ana lys i s  of v a r i a n c e  fo r  the 15 genotypes  of Set II (exc luding  con t ro l  geno-  
types)  when independent  e n v i r o n m e n t a l  ind ices  ( E I - 1 )  w e r e  used  

Source  of v a r i a t i o n  df Mean F t F % 
s q u a r e s  

1. Genotypes  (G) 14 0.228 4 . 1 4 6 ( 9 ) * *  
2. E n v i r o n m e n t s  (E)  6 3 .054 1 9 . 8 3 1 ( 5 ) * *  
3. Combined  r e g r e s s i o n  1 9.365 170. 273 (9) ** 
4. Res idua l  5 1.771 3 2 . 2 0 0 ( 9 ) * *  
5. Rep.  21 0 .154 
6. In t e r ac t ion  (GE) 84 0 .200  3 . 6 3 6 ( 9 ) * *  
7. H e t e r o g e n e i t y  of r e g r e s s i o n s  14 0. 205 3. 727 (9) ** 
8. Res idua l  70 0 .200 3.636 (9) ** 
9. E r r o r  294 0.055 

5 . 2 8 8 ( 4 )  + 

1 . o 2 5 ( 8 )  ~ 

t Source  used  as denomina to r  g iven  in p a r e n t h e s e s  
+, ** Signif icant  at the 10 % and 1% l eve l ,  r e s p e c t i v e l y  
n l  Not s igni f icant  at the 5 % leve l  

Tab le6 .  Ana lys i s  of v a r i a n c e  fo r  the 18 genotypes  of Set II when independent  en-  
v i r o n m e n t a l  ind ices  (E I -2 )  w e r e  used  

Source  of v a r i a t i o n  df Mean F t F t 
squares 

1. Genotypes  (G) 17 0 .304 5 . 3 3 3 ( 9 ) * *  
2. E n v i r o n m e n t s  (E)  6 3.651 2 3 . 4 0 4 ( 5 ) * *  
3. Combined  r e g r e s s i o n  1 11. 587 203.281 (9) ** 
4. Res idua l  5 2 .063 3 6 . 1 9 3 ( 9 ) * *  
5. Rep.  21 0. 156 
6. I n t e r ac t i on  (GE) 102 0.202 3 . 5 4 4 ( 9 ) * *  
7. H e t e r o g e n e i t y  of r e g r e s s i o n s  17 0. 150 2 , 6 3 2 ( 9 ) * *  
8. Res idua l  85 0.212 3 . 7 1 9 ( 9 ) * *  
9. E r r o r  357 0 .057 

5 .617(4)  + 

0.70s(s) " '  

t Source  used  as denomina to r  g iven  in p a r e n t h e s e s  
+ 
, ,  ** Signif icant  at the 10 % and 1% l eve l ,  r e s p e c t i v e l y  

Not s ign i f i can t  at the 5 % l eve l  

is adequate  fo r  a s s e s s i n g  the addi t ive  env i ronm en ta l  

component .  S ign i f i cance  of s o u r c e s  7 and 8 in Table 5 

ind ica tes  the p r e s e n c e  of both l i n e a r  and n o n - l i n e a r  

componen t s  of GE i n t e r a c t i o n  for  the data  of Set II. 

The h e t e r o g e n e i t y  of r e g r e s s i o n  mean  s q u a r e  is  not 

g r e a t e r  than i ts  r e s i d u a l  (Table 5) ,  indica t ing  that  a 

m a j o r  pa r t  of GE i n t e r a c t i o n  cannot be accounted  fo r  

by d i f f e r e n c e s  in the r e g r e s s i o n s  of the individual  

geno types .  Desp i te  th is  o v e r a l l  t e s t ,  it i s  pos s ib l e  

that t h e r e  may  be a l i n e a r  change in the behav io r  of 

individual  genotypes  which will  b e c o m e  apparent  only 

when individual  r e g r e s s i o n  ana ly se s  for  s ing le  geno-  

types  a r e  c o n s i d e r e d .  When m e a n  y ie ld  of individual  

genotypes  at each  e n v i r o n m e n t  w e r e  r e g r e s s e d  on 

EI-1 the r e g r e s s i o n  m e a n  s q u a r e  of none of the 15 

genotpyes  of Set II was s ign i f i can t .  

Table 6 shows the ana lys i s  of v a r i a n c e  fo r  the 18 

genotypes  of Set II when the env i ronmen ta l  ind ices  

w e r e  d e t e r m i n e d  f rom the 15 genotypes  of Set I ( E I - 2 ) .  

The pa t t e rns  o b s e r v e d  in Table 6 a r e  v e r y  s i m i l a r  to 

the pa t t e rns  s e e n  in Table 5. Thus, this  ana lys i s  of 

adaptat ion l eads  to the s a m e  conc lus ions .  However ,  

when individual  r e g r e s s i o n  ana lyses  w e r e  p e r f o r m e d  

for  the individual  genotypes  of Set II us ing E I -2 ,  two 

genotypes  (Ute  and Dar t  45) had r e g r e s s i o n  mean  

s q u a r e s  s ign i f i can t ly  g r e a t e r  than t h e i r  c o r r e s p o n d i n g  

devia t ion  mean  s q u a r e s .  The r e g r e s s i o n  coef f i c i en t ,  

b, fo r  Ute and Dar t  45 was 0. 513 and 0 .484 ,  r e s p e c -  

t ive ly .  When independent  env i ronm en ta l  ind ices  a r e  

used  to d e t e r m i n e  the adapta t ion r e a c t i o n s  of a geno-  

type t h e r e  i s  no g u a r a n t e e  that b will  have  any p a r -  

t i c u l a r  va lue .  However ,  it will be t rue  that the h igher  

va lues  of b will be a s s o c i a t e d  with l ower  adaptat ion,  

and c o n v e r s e l y  ( F r e e m a n  and P e r k i n s  1971).  D e v i a -  

t ion mean  s q u a r e s  for  Ute and Dar t  45 w e r e  0. 0375 

and 0 .0396,  r e s p e c t i v e l y ,  under  E I -2 .  The r e g r e s s i o n  
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coeff ic ients  and devia t ion mean  squa re s  of the two 

genotypes were  c o m p a r e d  by the t - t e s t  and the F - t e s t ,  

r e spec t ive ly  ( F r e e m a n  and P e r k i n s  1971). Ute and 

Dart  45 were  s i m i l a r  with r e g a r d  to these  s tab i l i ty  

s t a t i s t i c s .  However,  Ute had a m e a n y i e l d  s ign i f ican t ly  

g r ea t e r  than the mean  yie ld  of Dart  45. 

Adaptat ion r eac t i ons  of the s~ff lower genotypes  in  

Set II were  s i m i l a r  when m e a s u r e d  by two dif ferent  

independent  env i ronmen ta l  ind ices  (EI-1  and E I - 2 ) .  

Different  adaptat ion r eac t i ons  were  o b s e r v e d  for 

the s ame  genotypes when dependent  env i ronme n t a l  i n -  

dices  (EI)  were  used.  The most  adequate e s t i m a t e s  

of env i ronmen ta l  ind ices  a re  obta ined  by mean  p e r -  

fo rmance  of the s a m e  t r i a l  genotypes in each e n v i r o n -  

ment .  F o r  this  r e a son ,  F r e e m a n  and P e r k i n s  (1971) 

sugges ted  dividing the r ep l i ca t e s  of each genotype into 

two groups ,  us ing  one group to m e a s u r e  the GE i n t e r -  

act ion and the mean  of the second  group over  geno-  

types  to m e a s u r e  the e n v i r o n m e n t .  However,  this  so -  

lu t ion i n c r e a s e s  the s ize  of the expe r imen t ,  p a r t i c u -  

l a r l y  when a l a rge  n u m b e r  of genotypes  is  being con-  

s i de r ed  and the expe r imen t  c o n d u c t e d i n t h e  f ield.  These 

authors  also sugges ted  another  solut ion,  which involved 

inc lus ion  of c lose ly  r e l a t ed  genotypes i n the  expe r imen t  

and a s s e s s i n g  the env i ronmen t  by these  genotypes,  i . e .  

us ing  pa ren ta l  genotypes  as a s s e s s m e n t  genotypes in  

r e l a t ion  to any gene ra t ion  de r ived  by c r o s s e s  between 

them.  In p rac t i ce ,  t r i a l  genotypes come  from d i f fe r -  

ent c r o s s e s  and us ing  few or  all pa ren ta l  genotypes 

to a s s e s s  the env i ronmen t  does not s eem to be s a -  

t i s f ac to ry .  

In the p r e sen t  s tudy,  the level  of s tab i l i ty  of the 

in t roduced  saff lower  genotypes was not s a t i s f ac to ry ,  

except for Ute, which was used  as a con t ro l .  In con-  

t r a s t ,  GE in t e r ac t i ons  were  not s ign i f ican t  for the 

se l ec t ed  genotypes  f rom different  local  popula t ions ;  

also 4 of these  genotypes  had mean  y ie lds  s ign i f i -  

cant ly  g r e a t e r  than the best  p e r f o r m i n g  in t roduced  

genotype,  Ute. The mean  y ie ld  of the 11 r e m a i n i n g  

genotypes  were  s t a t i s t i c a l l y  equal to m e a n  p e r f o r -  

mance  of Ute. The top y ie ld ing  local  genotypes were  

V50-165, V50-63, V49-287, and V49-307 with mean  

y ie ld  1,926 kg /ha ,  1,788 kg /ha ,  and 1,780 kg /ha ,  

r e spec t i ve ly .  

This s tudy also d e m o n s t r a t e s  the i m p o r t a n c e  of 

loca l ly  adapted popula t ions  as the base  m a t e r i a l  for 

developing s u p e r i o r  cu l t i va r s  in  b reed ing  p ro j ec t s .  

These local  saf f lower  populat ions  had been  exposed 

to va ry ing  e n v i r o n m e n t s ,  and t he r e f o r e  i n t ense  na -  

tu ra l  s e l ec t ion  for adaptabi l i ty ,  for many y e a r s .  The 

p r e se n t  s tudy ind ica tes  that our  b reed ing  p r o g r a m  

was success fu l  for developing a few s tab le  h igh -y ie ld -  

ing genotypes f rom these  popula t ions .  A grea t  deal 

of genet ic  va r i ab i l i t y  s t i l l  ex i s t s  wi thin  and between 

these  loca l ly  adapted popula t ions .  Thus, fu r the r  s e -  

l ec t ion  within populat ions  and in te rpopula t ion  h y b r i -  

d iza t ion followed by se l ec t ion  will mos t  probably  i n -  

c r e a s e  m e a n  p e r f o r m a n c e  and adaptat ion.  The p r e sen t  

s tudy does not p rec lude  the i m p o r t a n c e  of in t roduced  

and exotic g e r m p l a s m s  in  the b reed ing  p ro j ec t s .  It 

is  qui te  poss ib le  to develop s t i l l  more  de s i r ab l e  geno-  

types by ama lgama t ing  local  and in t roduced  genet ic  

va r i ab i l i t y .  
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