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Summary. Six pea varieties were grown in seven environments over two consecutive years and the results ana- 
lysed using regression techniques. In both years a degree of linearity of response to environment was establi- 
shed for many of the characters recorded. Comparisons were made between the values observed in the second 
year and those predicted from the results of the first year, using 't' tests. As a result of these comparisons 
it appears that, due to poor linearity of response and/or different degrees of response in different years, accu- 
rate predictability of genotype behaviour was not possible. 

i n t r o d u c t i o n  

In an  e a r l i e r  s e r i e s  of  e x p e r i m e n t s  t h e  p r e s e n c e  of  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  w a s  d e m o n s t r a t e d  in 

s i x  p e a  c u l t i v a r s  g r o w n  in e i g h t  e n v i r o n m e n t s  ( S n o a d  

and  A r t h u r ,  1 9 7 4 ) .  Wi th  m o s t  of t h e  c h a r a c t e r s  s c o r -  

ed ,  a l i n e a r  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  g e n o t y p e  p e r -  

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

n a l l y  d e m o n s t r a t e d  in c e r e a l s  by  F i n l a y  a n d  W i l k i n s o n  

in  1963.  T h e r e  h a v e  b e e n  p r o p o s a l s  t h a t  s u c h  r e g r e s -  

s i o n  t e c h n i q u e s  c o u l d  b e  u s e d  f o r  p r e d i c t i v e  p u r p o s e s  

o v e r  y e a r s ,  s i t e s  a n d s e a s o n s  ( e . g .  B r e e s e ,  1 9 6 9 ) .  We 

h a v e  t r i e d  to e v a l u a t e  t h e  f e a s i b i l i t y  of u s i n g  r e g r e s -  

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

p e a s .  

Materials and Methods 

Six commonly grown pea varieties (DSP, Greenshaft, 
Jade, Puget, Scout and Sprite) were grown in 1973 in 
exactly the same way as in an earlier genotype-envi- 
ronment experiment (Snoad and Arthur, 1974). Thus 
four replicates of each of the six varieties were grown 
at four sites in Eastern England with an early and a 
late sowing at each site. Due to adverse soil conditions 
at  t he  P e t e r b o r o u g h  s i t e  i t  w a s  not  p o s s i b l e  to e s t a b l i s h  
an  e a r l y  s o w i n g  t h e r e ,  so  t h e  t o t a l  n u m b e r  of e n v i r o n -  
m e n t s  was  s e v e n  in  1973.  

B e d f o r d  ( S i t e  1) S o w i n g s  1 a n d  2. 
P e t e r b o r o u g h  (S i t e  2) Sowing  2 
S t a n f i e l d  P e a t  ( S i t e  3) S o w i n g s  1 and  2 
S t a n f i e l d  Sand  ( S i t e  4)  S o w i n g s  1 a n d  2 

The s i t e s  u s e d  in 1973 w e r e  s l i g h t l y  d i f f e r e n t  in  l o -  
c a t i o n  f r o m  t h o s e  of  t h e  p r e v i o u s  y e a r ,  p a r t i c u l a r l y  t h e  
S t a n f i e l d  P e a t  one  w h i c h  h a d  a m u c h  l o w e r  w a t e r  c o n -  
t e n t  in  1973 .  F i f t y  p l a n t s  w e r e  r e m o v e d  f o r  s c o r i n g  
f r o m  e a c h  r e p l i c a t e ,  and  t h e  s a m e  c h a r a c t e r s  w e r e  r e -  

c o r d e d  a s  in  1972 w i th  t h e  a d d i t i o n  of  m e a n  d r y  w e i g h t  
of t h e  s e e d  h a r v e s t e d  f r o m  e a c h  r e p l i c a t e .  

Results 

1. Analysis of variance 

A random model situation has been assumed and the 

data were derived from the mean of each set of four 

replicates. The highest significant interaction mean 

square was always used as an error term in the F 

tests for the main effects. The significance of the in- 

teractions was decided by testing them against an 

error term derived from the total sums of squares 

of the means of the four replicates of each variety 

at each site and each sowing. In order to make a 

three way analysis, sites, sowings and varieties, 

site 2 had to be excluded since there were no data 

from a first sowing, and so the error term had only 

108 degrees of freedom (Table I). 

It is immediately apparent that there are highly 

s i g n i f i c a n t  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 s  f o r  a l l  

t h e  c h a r a c t e r s  a n a l y s e d .  The m a i n  e f f e c t s ,  a p a r t  

f r o m  v a r i e t i e s ,  w e r e  g e n e r a l l y  n o n - s i g n i f i c a n t  w h e n  

t e s t e d  a g a i n s t  t h e  i n t e r a c t i o n s ;  t h e  e x c e p t i o n s  w e r e  

f l o w e r i n g  t i m e ,  w h e r e  s i t e s  a n d  s o w i n g s  a r e  i m p o r -  

t a n t ,  a n d  m e a n  s e e d  w e i g h t ,  w h e r e  s i t e s  a r e  i n f l u -  

e n t i a l .  B r o a d l y  s p e a k i n g  t h e  r e s u l t s  f r o m  t h e  two 

y e a r s  a r e  s o m e w h a t  s i m i l a r  in  t h a t  t h e  m o s t  s i g -  

n i f i c a n t  m a i n  e f f e c t  was  v a r i e t a l ,  w i th  s o w i n g  t i m e  

b e i n g  t he  l e a s t  s i g n i f i c a n t .  S i t e s ,  h o w e v e r ,  w h i c h  

w e r e  m a r g i n a l l y  i n f l u e n t i a l  i n  1972,  w e r e  of  l i t t l e  
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Table  1. D e g r e e s  of  f r e e d o m  and  m e a n  s q u a r e s  d e r i v e d  in the  a n a l y s e s  of  v a r i a n c e  of  the  da ta  f r o m  t h r e e  s i t e s  
only  (1973)  

D i s t .  be t  1st  
Days  to AHUs to Node of  and  4th f l .  No.  p o d s  No.  p o d s  No.  p o d s  No.  pods  

d . f .  f i r s t  f l o w e r  f i r s t  f l o w e r  f i r s t  f l o w e r  n o d e s  a t  node  1 at  node  2 at  node  3 a t  node  4 

S i t e s  2 9 7 . 3 2 '  6 7 0 8 3 . 4 9 "  0 . 0 1  161.48  0 . 0 0  0 .01  0 . 1 5  0 . 1 5  
Sowings  1 10686 .39 ' "  2 3 7 9 3 . 0 6 '  0 . 2 8  168.13 0 .11  0 . 1 2  0 . 0 8  0 . 2 4  
V a r i e t i e s  5 101 .61 ' "  11748 .56 ' "  22 .6 8 " '  1 1 3 . 7 2 '  0 . 8 5 ' "  0 . 4 3 '  0 . 2 4 " '  0 . 4 9 " '  
Si X So 2 4.24 "' 429.95 '" 0.01 76.77 "' 0.11 "' O. 25 '" 0.44 '" 0.34 "' 
si• I0 1.12' 257.51'" 0.04 3.46'" 0.02'" 0.02 0.01 0.01 
S o X V  5 1 .06 371 .21" '  0 . 1 6 ' "  2 1 . 2 4 ' "  0 . 0 2 '  0 . 0 5 '  0 . 0 4  0 . 0 1  
S i • 2 1 5  I0 0 . 2 6 "  3 3 . 4 7 ' "  0 . 0 4  1.81 0 . 0 1  0 . 0 1 '  0 . 0 2 '  0 . 0 1  
E r r o r  108 0 . I 0  11.54 0 . 0 4  1 .19 0 . 0 1  0 . 0 1  0 .01  0 .01  

No.  s e e d s / p o d  No.  s e e d s / p o d  No.  s e e d s / p o d  No.  s e e d s / p o d  
d . f .  at  node  1 at  node  2 a t  node  3 at  node  4 

S i t e s  2 1 .84  1 .92  2 .96  4 . 3 2  
Sowings  1 0 . 0 3  0 . 0 1  0 . 6 9  1 .01 
Varieties 5 5.41 ' 4.60 ' 3.37 ' 3.87 " 
Si• 2 1.52'" 1.82'" 2.16' 3.63' 
Si xV I0 0.08 0.06 0.II 0.46 
So• 5 0.82"' 0.56' 0.95 1.99 
SiXSo  •  10 0 . 1 3  0 . 1 5 '  0 . 3 2 ' "  0 . 6 4 ' "  
Error 108 0.08 0.07 0.12 0.19 

Total  No.  
No.  s e e d s  at  No .  s e e d s  at  No.  s e e d s  at  No .  s e e d s  at  s e e d s  at  M e a n  s e e d  

d . f .  node  I node  2 n o d e  3 node  4 n o d e s  1-4 weigh t  

S i t e s  2 2 .85  3 .35  4 . 6 5  6 .16  62 .55  3448 .79 ' "  
Sowings  1 5 .02  6 .24  0 . 1 8  0 . 2 7  80 .16  129.58 
V a r i e t i e s  5 18 .76 ' "  7 .18  3 . 7 5  3 . 5 5  43 .27  2333 .49 ' "  
S i x S o  2 4 . 2 5 ' "  11 .54 ' "  I I . 2 3 " '  6 . 8 8 "  1 0 6 .0 5 ' "  61 .28  
Si XV I0 0 . 2 7  0 . 2 1  0 . 3 1  0 . 7 7  3 .76  68 .03  
S o X V  5 1 .09 ' "  1 . 84" '  2 . 8 7 '  3 . 7 2 '  12 .53 ' "  276.61 
S i X S o X V  10 0 . 1 7  0 .40  0 . 8 4 '  0 . 8 6 '  3 . 0 5  3 2 3 .8 3 ' "  
E r r o r  108 0 . 3 3  0 .27  0 . 3 8  0 . 4 0  2 .84  53.87 

' =  5 . 0 - 1 . 0 ~ ;  "=  1 . 0 - 0 . 5 ~ ;  " '=  < 0 . 5 g  

c o n s e q u e n c e  in 1973. S ign i f i c an t  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 s  w e r e  d e m o n s t r a t e d  in bo th  y e a r s .  

2 .  R e g r e s s i o n  a n a l y s e s  

Aga in  fo l lowing  the  p r o c e d u r e  o u t l i n e d  in  o u r  1974 p a -  

p e r ,  t he  p h e n o t y p i c  b e h a v i o u r  of  e a c h  v a r i e t y  in  an e n v i -  

r o n m e n t  was regressed upon the mean value obtained for 

all six varieties in that environment. These regression 

analyses can be related to the analysis of variance in 

order to determine how much of the genotype-environ- 

ment interaction is due to the heterogeneity of the re- 

gressions and how much is unpredictable. In order to 

obtain as much information as possible, site 2 was 

i n c l u d e d  in  t h e s e  a n a l y s e s .  The 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 s  w e r e  d e t e r m i n e d  f r o m  t w o - w a y  a n a l y s e s  

of v a r i a n c e ,  e a c h  s o w i n g  at a s i t e  b e i n g  c l a s s e d  a s  an 

e n v i r o n m e n t .  This  gave  s e v e n  s i t e s  and s i x  v a r i e t i e s  

and the  e r r o r  t e r m  w a s  d e r i v e d  in the  s a m e  way  a s  

f o r  the  t h r e e - w a y  a n a l y s i s  but it  had  126 d e g r e e s  of 

f r e e d o m  (Table  2 ) .  

In only  9 of the  18 c h a r a c t e r s  a n a l y s e d  can  the  

G • E i n t e r a c t i o n  be  p a r t l y  a c c o u n t e d  f o r  by the  h e t e -  

r o g e n e i t y  of  t he  r e g r e s s i o n s .  In c o n t r a s t ,  t he  r e s i -  

dual o r  n o n - l i n e a r  c o m p o n e n t  w a s  s i g n i f i c a n t  f o r  a l l  

c h a r a c t e r s  but o n e .  When the  da t a  f r o m  the  two y e a r s  

a r e  c o m p a r e d  a s i g n i f i c a n t  d i f f e r e n c e  b e c o m e s  a p p a r -  
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Table  2. D e g r e e s  of  f r e e d o m  and  m e a n  s q u a r e s  f o r  p a r t i t i o n i n g  of  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 s  in to  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  r e s i d u a l  c o m p o n e n t s  (1973)  

D i s t .  be t  1st  
Days  to AHUs to Node of  and  4th f l .  No .  p o d s  No.  p o d s  No.  p o d s  No.  pods  

d . f .  f i r s t  f l o w e r  f i r s t  f l o w e r  f i r s t  f l o w e r  n o d e  at  node  1 at  node  2 a t  node  3 a t  node  4 

H e t e r o -  
g e n e i t y  
of  R e g .  5 2 .80  "' 1084. I0 '" 0 . 0 7  15.61 '" 0 . 0 7  '" 0 . 0 6  "' 0 . 0 1  0 . 0 1  
R e s i d u a l  25 0 . 6 7 " '  7 .81  0 . 0 7 "  4 . 5 0 ' "  0 . 0 2 ' "  0 . 0 3 ' "  0 . 0 3 " '  0 . 0 2 " '  
E r r o r  126 0 . 1 1  12.98 0 . 0 3  1 .24  0 . 0 1  0 . 0 1  0 . 0 1  0 . 0 1  

No.  s e e d s / p o d  No.  s e e d s / p o d  No.  s e e d s / p o d  No.  s e e d s / p o d  
d . f .  a t  node  1 a t  node  2 a t  node  3 a t  node  4 

H e t e r o -  
g e n e i t y  
of  R e g .  5 0 . 1 5  0 . 0 3  0 . 3 3 '  0 . 3 7  
R e s i d u a l  25 0 . 3 0  '" 0 . 2 2  "' 0 . 3 2  "' 0 . 9 1  '" 
E r r o r  126 0 . 0 9  0 . 0 8  0.  I I  0 . 2 0  

Total No. 
No. seeds at No. seeds at No. seeds at No. seeds at seeds at Mean seed 

d.f. node 1 node 2 node 3 node 4 nodes 1-4 weight 

H e t e r o -  
g e n e i t y  
of  R e g .  5 1 . 2 2 "  1 .02 ' "  0 . 5 3  0 . 3 4  1 .68  4 0 4 . 5 8 " '  
R e s i d u a l  25 0 . 5 2  ' 0 . 7 0  "' 0 . 9 9  "' 1 .60  '" 6 . 8 5  '" 315 .19  "' 
E r r o r  126 0 . 3 6  0 . 2 9  0 . 3 6  0 . 3 9  2 .93  49 .16  

en t  b e c a u s e  in  1972 bo th  the  h e t e r o g e n e i t y  and  the  r e -  

s i d u a l  c o m p o n e n t s  w e r e  s i g n i f i c a n t  f o r  al l  t he  c h a r a c -  

t e r s .  This  s u g g e s t s  t ha t  a l though  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 s  w e r e  d e m o n s t r a b l e  in  both  y e a r s  

t h e y  w e r e  s i g n i f i c a n t l y  l e s s  l i n e a r  in 1973 than  in 1972. 

The d i f f e r e n c e s  b e t w e e n  t h e  two y e a r s  a r e  in fac t  

qu i t e  s t r i k i n g  when  the  i n t e r a c t i o n s  a r e  d i s p l a y e d  in 

t he  r e g r e s s i o n s .  F r o m  one  y e a r  to a n o t h e r  t h e r e  m a y  

be d i f f e r e n c e s  in r a n k i n g  a n d / o r  d i f f e r e n c e s  in  s l o p e  

in m a n y  of  t he  ind iv idua l  c h a r a c t e r s  b e i n g  a n a l y s e d .  

T h e s e  d i f f e r e n c e s  i m m e d i a t e l y  i n d i c a t e  tha t  it would  

be  u n w i s e  to c o n s i d e r  t he  r e g r e s s i o n  l i n e s  f r o m  the  

1972 da t a  a s  n e c e s s a r i l y  b e i n g  l i n e a r l y  r e l a t e d  to s i -  

m i l a r l i n e s  f r o m  the  1973 d a t a .  It h a s  b e e n  s a i d  ( e . g .  

B r e e s e ,  1969) tha t  the  r e l a t i v e  p e r f o r m a n c e s  of p o -  

p u l a t i o n s  and t h e i r  h y b r i d s  c a n  be  p r e d i c t e d  o v e r  s e a -  

s o n s ,  y e a r s  and  l o c a t i o n s  u s i n g  t h e s e  r e g r e s s i o n  

t e c h n i q u e s .  The d i f f e r e n c e s  b e t w e e n  two y e a r s  wi th  

t h e s e  p e a  d a t a ,  h o w e v e r ,  t h r o w  doubt  upon the  v a -  

l i d i t y  of  s u c h  an a p p r o a c h  and  it w a s  d e c i d e d  to t e s t  

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

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

The c h a r a c t e r s  c h o s e n  w e r e :  

I .  AHUs  to day  of f i r s t  f l o w e r  

2. D i s t a n c e  f r o m  I s t  to 4th f l o w e r i n g  node  ( i n t e r -  

node  l en g t h )  

3. N u m b e r  of p o d s  at t he  s e c o n d  f l o w e r i n g  node  

4.  N u m b e r  of s e e d s  p e r  pod  at t h e  s e c o n d  f l o w e r -  

ing node  

5.  Total  s e e d s  at  t he  s e c o n d  f l o w e r i n g  node  

6.  Total  s e e d s  at  t he  f i r s t  f o u r  f l o w e r i n g  n o d e s  

( y i e l d ) .  

The da t a  invo lv ing  t h e s e  s i x  c h a r a c t e r s  in 1972 and 

1973 w e r e  c o m b i n e d  and  the  r e s u l t s  o f  the  t h r e e - w a y  

a n a l y s e s  of v a r i a n c e  a r e  g i v e n  in  Table  3.  T h e s e  a n a -  

l y s e s  e x c l u d e d  the  P e t e r b o r o u g h  s i t e s  in bo th  y e a r s  

b e c a u s e  of t h e  m i s s i n g  f i r s t  s o w i n g  in 1973, so  t h e r e  

a r e  on ly  s i x  s i t e s  and  t h e  e r r o r  t e r m  had  216 d e g r e e s  

of  f r e e d o m .  It c a n  be  s e e n  tha t  on ly  f o r  i n t e r n o d e  

l eng th  w a s  t h e  y e a r  c o m p o n e n t  s i g n i f i c a n t  w h e n  t e s t e d  
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Table  3. D e g r e e s  of  f r e e d o m  and  m e a n  s q u a r e s  d e r i v e d  in the  a n a l y s e s  of  v a r i a n c e  of  the  da ta  f r o m  t h r e e  
s i t e s  on ly  (1972 p lus  1973) 

AHUs to D i s t .  be t  1st  No.  P o d s  No.  S e e d s / p o d  Total  s e e d s  Total  y i e l d  
d . f .  f l o w e r  and  4th f l .  n o d e s  at  node  2 at node  2 at  node  2 a t  n o d e s  1-4 

Y e a r  1 5390.68 1579.59 '  0 . 3 1  16.93 34 .19  72 .87  
Env  5 46173.97 '"  113.57 0 . 2 8  2 .86  10.28 75 .29  
V a r i e t y  5 21548.82" '  227.43 '"  0 . 4 8  9 .77 '"  15.77"  85 .85 '  
Y e a r  • Env  5 2566.43" '  185.38" '  0 .34 ' "  7 .34 '"  21.69 '"  239.40 '"  
Y e a r  • V a r  5 162.24  14.84 0 .12" '  0 . 2 0  1.42'" 11.26 
Env  x V a r  25 141.30 4 .23  0 . 0 5 '  0 . 2 8  1.26" '  8 .28  
Year X Env X Var 25 96.83"' 7.47'" 0.02'" 0.22'" 0.48"' 6.23' 
Error 216 11.43 1.33 0.01 0.09 0.35 3.61 

a g a i n s t  t he  a p p r o p r i a t e  i n t e r a c t i o n .  H o w e v e r ,  y e a r s  

a r e  i nvo lved  in s i g n i f i c a n t  i n t e r a c t i o n s  f o r  all  s i x  c h a -  

r a c t e r s  and y e a r s  a r e  a l s o  s i g n i f i c a n t  a s  m a i n  e f f e c t s  

o r  as  i n t e r a c t i o n s  and the  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 s  a r e  s i g n i f i c a n t  f o r  a l l  c h a r a c t e r s .  

The r e g r e s s i o n s  f o r  t he  s ix  c h a r a c t e r s  f o r  1972 and 

1973 w e r e  d r a w n  s e p a r a t e l y  and  a r e  s h o w n  s i d e  by s i d e  

in F i g s .  1 and  2.  It i s  a p p a r e n t  tha t  t he  da ta  f r o m  1973, 

d e s p i t e  t h e  i n c r e a s e d  n o n - l i n e a r  c o m p o n e n t s  d e m o n -  

s t r a t e d  f r o m  the  a n a l y s e s  of v a r i a n c e  in r e l a t i o n  to 

1972, can  s t i l l  be  p o r t r a y e d  in  l i n e a r  f a s h i o n .  With  the  

e x c e p t i o n  of the  AHU c h a r a c t e r  t h e r e  i s  a n o t i c e a b l e  

i n c r e a s e  in  the  s t a n d a r d  d e v i a t i o n s  of  the  r e g r e s s i o n  

l i n e s  in 1973 a s  o p p o s e d  to 1972. The r e g r e s s i o n s  a r e  

b a s e d  on da t a  f r o m  e ight  e n v i r o n m e n t s  in  1972 and 

s e v e n  e n v i r o n m e n t s  in 1973. 

AHUs to f i r s t  f l o w e r  

The r a n k i n g  and  i n t e r r e l a t i o n s h i p s  of  the  s i x  v a r i e t i e s  

a r e  b r o a d l y  s i m i l a r  in t he  two y e a r s .  H o w e v e r ,  t he  

s l o p e s  of s o m e  of t he  r e g r e s s i o n  l i n e s  a r e  o b v i o u s l y  

d i f f e r e n t  so  tha t  in  1973 t h e r e  i s  an i m p r e s s i o n  of t he  

l i n e s  f ann ing  out f r o m  the  o r i g i n .  The s t a n d a r d  d e v i -  

a t i ons  t e n d e d  to be  l o w e r  in  1973 than  in 1972 ( F i g .  1). 

I n t e r n o d e  l eng th  

The d i s t a n c e s  b e t w e e n  the  f i r s t  and  the  f o u r t h  f l o w e r -  

ing n o d e s  v a r i e d  m u c h  m o r e  in 1972 than  in 1973 f o r  

al l  s i x  v a r i e t i e s .  The r e l a t i o n s h i p s  b e t w e e n  the  l i n e s  

a r e  d i f f e r e n t  in t he  two y e a r s  and  the  s l o p e s  of s o m e  

of t he  l i n e s  a l s o  d i f f e r .  In 1973 the  da t a  f o r  S p r i t e  

w e r e  not l i n e a r  and no r e g r e s s i o n  l i ne  cou ld  be  d r a w n .  

S t a n d a r d  d e v i a t i o n s  of t he  r e g r e s s i o n s  w e r e  g e n e r a l -  

ly  h i g h e r  in 1973 ( F i g .  1 ) .  

N u m b e r  of p o d s  at t he  s e c o n d  f l o w e r i n g  node  

The r a n k i n g  and the  s l o p e s  of t h o s e  l i n e s  tha t  can  be  

d r a w n  do not  d i f f e r  v e r y  m u c h  b e t w e e n  the  two y e a r s .  

The m a j o r  d i f f e r e n c e s  a r e  tha t  in 1972 S p r i t e  was  

n o n - l i n e a r  w h e r e a s  in  1973 J a d e  and Scout  w e r e  n o n -  

l i n e a r .  Aga in  t h e r e  i s  a t e n d e n c y  f o r  t he  s t a n d a r d  

d e v i a t i o n s  to be  g r e a t e r  in 1973 ( F i g .  1 ) .  

N u m b e r  of s e e d s  p e r  pod at  the  s e c o n d  f l o w e r i n g  node  

The g e n e r a l  r a n k i n g  of t he  l i n e s  r e m a i n s  s i m i l a r  o v e r  

t he  two y e a r s  but l a r g e  d i f f e r e n c e s  in  s l o p e  a r e  n o t i -  

c e a b l e  wi th  DSP and G r e e n s h a f t .  The r a n g e  of v a l u e s  

o b s e r v e d  in 1972 i s  e x t e n d e d  c o n s i d e r a b l y  above  and 

be low tha t  r e c o r d e d  in 1973. The da t a  f o r  S p r i t e  in 

1972 w e r e  not  l i n e a r  and  w e r e  only  m a r g i n a l l y  so  in  

1973 when  the  P u g e t  da ta  cou ld  not be  u s e d  f o r  r e g r e s -  

s i o n s .  S t a n d a r d  d e v i a t i o n s  w e r e  l a r g e r  in 1973 ( F i g .  2 ) .  

Total  s e e d s  at  t he  s e c o n d  f l o w e r i n g  node  

A s  m i g h t  be  e x p e c t e d  f r o m  the  r e s u l t s  of o b s e r v a t i o n s  

on the  p r e v i o u s  c h a r a c t e r ,  t he  r a n g e  of v a l u e s  o b s e r -  

ved  in  1972 w a s  g r e a t e r  t han  tha t  in 1973. The s l o p e s  

f o r  DSP and P u g e t  in p a r t i c u l a r  w e r e  d i f f e r e n t  in t he  

two y e a r s  and  the  s t a n d a r d  d e v i a t i o n s  of all  r e g r e s s i o n  

l i n e s  i n c r e a s e d  in 1973. S p r i t e  w a s  e i t h e r  b o r d e r - l i n e  

o r  n o n - s i g n i f i c a n t  a s  r e g a r d s  l i n e a r i t y  in both  y e a r s  

and Scou t ,  wh ich  gave  a good l ine  in 1972, w a s  n o n -  

l i n e a r  t he  next  y e a r .  One of the  m o s t  s t r i k i n g  d i f f e -  

r e n c e s  c o n c e r n s  DSP and P u g e t  w h i c h ,  b e c a u s e  of 

the  c h a n g e  in s l o p e  b e t w e e n  the  two y e a r s ,  r a n k  v e r y  

d i f f e r e n t l y  in one  y e a r  a s  o p p o s e d  to t he  o t h e r  ( F i g .  2 ) .  
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F i g .  1. R e g r e s s i o n s  fo r  f l o w e r i n g  t i m e  (us ing  a c c u m u l a t e d  hea t  u n i t s ) ,  i n t e r n o d e  
l eng th  and the  n u m b e r  of  pods  at the  s e c o n d  f l o w e r i n g  node in 1972 and 1973 

Tota l  s e e d s  f r o m  the  f i r s t  f o u r  f l o w e r i n g  nodes  (Y ie ld )  

D i f f e r e n c e s  in s l o p e  a r e  p a r t i c u l a r l y  a p p a r e n t  f o r  DSP 

and S p r i t e  wh i l s t  d i f f e r e n c e s  in r ank ing  can  a l s o  be  

s e e n .  The s t a n d a r d  d e v i a t i o n s  w e r e  h i g h e r  in 1973 and 

the  Puge t  da t a  w e r e  not  l i n e a r  in that  y e a r  ( F i g .  2)o 

P r e d i c t i o n  

One of  the  m o s t  p r a c t i c a l  ways  of  t e s t i n g  the  e f f i c i e n c y  

of us ing  t h e s e  r e g r e s s i o n  da ta  f o r  p r e d i c t i o n  is  to u s e  

t he  1972 s l o p e s  to e s t i m a t e  t he  1973 v a l u e s  by m e a n s  

of the  f o r m u l a ,  

yj = ~ + b ( x j - ~ )  

w h e r e  y j  = the  p r e d i c t e d  v a l u e  of  a geno type  in the  j th 

e n v i r o n m e n t  (1973) 

y" = the  m e a n  of  y (1972)  

b = the  r e g r e s s i o n  c o e f f i c i e n t  (1972) 



14 B. Snoad and A.E. Arthur: Use of Regression Techniques for Predicting the Response to Environment 

V 0 
a 

I 
Y 4 

M 

I 
n 

2 

10 

V 8 
a 
r 
i 
e 
t 0 
Y 

M 

n 4 

2 5  

20 �84 

~ 1 5  �84 

i 
Y 

l g  

$ 

1972 S E E D  PER P O D  
1. |)=1"31. O-lO*** A T  N O D E  T W O  
2. ~o = 1.18; 0 . 1 0 . * *  
3. b = 1"28• 0 . 1 2 - * *  / 
4. b =0"72• 0 - 2 0 ,  / 
5 .1 )=1 .02 -+0 .11 , * *  / 
o.[z, : 0-47-. o. 30] / / ,  

" " /  D S P  
~ . ~ , ~  2. . . . . .  G reenshoft 

,~ ,,// 1 . . . . .  

3.' . . . . . .  Jade  
,/" 4. Puget  J 

S. . . . . .  Scout  
6. ........ Spr i te  

2 4 6 Environment Mean 

1972 / T O T A L  S E E D  

/ A T  N O D E  T W O  lo 

/ /  0 

4 

�9 *" / 1 . I ) = 1 . 1 4 •  

J 3 .b  = 1 -36 -  + 0 . 2 2 * * *  2 
/ "  4 . b :  0 . 7 6 •  

J 5.~0 = 0 . 9 6 •  
9.[b=o.s3• 

4 6 8 Env i ronment  Mean 

/ 
Y I E L D  

1972 / 29 

/~" 2o 
lO.O- 5.0X �9 
5-0-1.02 '  * 
1-0-  0.5~" * *  15 

< 0.5,1' * * *  

10 

0 ' 0 9 " * *  
f /~. / / Iv  2. ~ :  1_.3_5'0"14"** 

.I/~ 5, b :  1.1 3 " 0 - 1 2 " * *  
7 6. b -  0 -72 "0 .18 " * *  

0 
10 15 20 2"5 Environment Mean 

0 
2 

1973 
1. b :  0"01,0.29 * 
2. b= 1.25• * * *  
3. b= 1 '29.0.24 * * *  
~ : ~ :  0 '45 '0 '  4b'] 

0-89*0 .29*  / 
6. b;  1"31,0.55A / . . . . . .  

1973 

2 4 6 

1 . b  = 0 ' 5 9 *  0 " 0 9 * * *  
2.1) : t "49-* 0 . 2 7 * * *  
3 . I ) :  1.16• 0 " 2 t * * *  
4 . b = 1 " 3 8 •  
5.i~~177 
6.~0= 0 .78* -0"3 t&  

4 6 8 

1973 

/ 
J"  . / .." 

/ .." 

.J . / 1 " "  y- 
1. b = 0 .99 .0 -13" * *  
2. b = 1 . t0 ,0 .30"  
3. b= t -10-*0.3t* 
4.[~) = 0"75'0.41] 
S. b = 1"14 '9 .23"* *  
(L b : 1"20t0-38, 

10 15 20 2S 

Fig.2. Regressions for the number of seeds per pod at the second flowering node, the 
total seed number at the second flowering node and the total seed number at the first 
four flowering nodes in 1972 and 1973 
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x. = t he  e n v i r o n m e n t a l  v a l u e  in  t he  . th e n v i r o n -  
J l 

m e n t  ( 1 9 7 3 )  

= t h e  m e a n  of  x ( 1 9 7 3 ) .  

The o b s e r v e d  a n d  e x p e c t e d  v a l u e s  m a y  t h e n  b e  c o m -  

p a r e d  b y  m e a n s  of  ' t '  t e s t s  w h e r e  t h e  d i f f e r e n c e  b e -  

t w e e n  t h e  two v a l u e s  i s  d i v i d e d  by  i t s  s t a n d a r d  e r r o r  

( S a m u e l ,  H i l l ,  B r e e s e  a n d  D a v i e s ,  1 9 7 0 ) .  T h e s e  c a l -  

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

t h e  r e s u l t s  a r e  s e t  out  in  T a b l e s  4 a n d  5 .  

In n o n e  of  t h e  s i x  c h a r a c t e r s  i s  t h e r e  a p e r f e c t  f i t  

f o r  a l l  t h e  42 p a i r s  of  o b s e r v e d  and  e x p e c t e d  v a l u e s .  

The n u m b e r  of p o d s  at  n o d e  two a n d  t he  t o t a l  s e e d  

y i e l d  a t  t h e  f i r s t  f o u r  n o d e s ,  h o w e v e r ,  h a v e  s i g n i f i -  

c a n t  d i f f e r e n c e s  b e t w e e n  o n l y  two a n d  o n e ,  r e s p e c -  

t i v e l y ,  of t h e  42 v a l u e s ,  a n d  t h e  s e e d s  p e r  pod  at  

node  two and  t h e  s e e d  y i e l d  a t  n o d e  two h a v e  o n e  

a n d  t h r e e  d i s c r e p a n c i e s ,  r e s p e c t i v e l y .  A H U s  to 

f l o w e r  a n d  i n t e r n o d e  l e n g t h  a r e  t he  w o r s t  c h a r a c t e r s  

f o r  f i t  in  b e i n g  s i g n i f i c a n t l y  d i f f e r e n t  t en  a n d  f i ve  

t i m e s  out  of e a c h  42 .  

It i s  o b v i o u s  t h a t  p o o r  r e g r e s s i o n  d a t a  wi l l  no t  b e  

a c c u r a t e  f o r  p r e d i c t i v e  u s e  and  t h i s  a p p l i e s  p a r t i c u -  

l a r l y  to t h e  n u m b e r  of  pods  at  n o d e  2 in  t h e  p r e s e n t  

e x p e r i m e n t s  a n d  a l s o ,  to  a l e s s e r  e x t e n t ,  to  t h o s e  

o t h e r  c h a r a c t e r s  i n v o l v i n g  c o m p o n e n t s  of  y i e l d .  Wi th  

d a t a  s u c h  a s  t h e s e  t h e  v a r i a n c e s  of t h e  o b s e r v e d  v a -  

l u e s  wi l l  b e  l a r g e  and  so  ' t '  t e s t s  wi l l  not  d e m o n -  

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

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

ed  and  e x p e c t e d  v a l u e s .  The r e s u l t s  of t h e  ' t '  t e s t s  

in  T a b l e s  4 and  5 t h e r e f o r e  h a v e  to b e  c o n s i d e r e d  in  r e -  

l a t i o n  to t h e  q u a l i t y  of t he  d a t a .  

The two c h a r a c t e r s  A H U s  to f l o w e r  a n d  i n t e r n o d e  

l e n g t h  a r e  q u i t e  d i f f e r e n t ,  h o w e v e r ,  in  p r o v i d i n g  

good  l i n e a r  d a t a  in  b o t h  y e a r s  of  t h e s e  e x p e r i m e n t s  

a n d  i t  i s  w i th  t h e s e  c h a r a c t e r s  t h a t  t h e  m o s t  s t r i n g -  

en t  t e s t s  a r e  m a d e .  The  r e s u l t s  show q u i t e  c l e a r l y  

t h a t  w i th  t h e s e  p e a  d a t a  it i s  not  p o s s i b l e  to p r e d i c t  

w i th  any  g r e a t  d e g r e e  of  a c c u r a c y  f r o m  one  y e a r  to 

t h e  o t h e r  b e c a u s e  of  d i f f e r e n c e s  in  s l o p e  a n d / o r  

r a n k i n g  f r o m  y e a r  to  y e a r .  A s i m i l a r  c o n c l u s i o n  i s  

r e a c h e d  if  a t t e m p t s  a r e  m a d e  to p r e d i c t  s o w i n g  2 

f r o m  s o w i n g  1 d a t a  w i t h i n  o r  b e t w e e n  y e a r s  ( S n o a d  

u n p u b l .  ) .  

Two a l t e r n a t i v e  m e t h o d s  of  m e a s u r i n g  t he  e n v i r o n -  

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

1. R e g r e s s i n g  t h e  m e a n  v a l u e  of  r e p l i c a t e s  1 a n d  2 

on  t he  m e a n  v a l u e s  of r e p l i c a t e  3 a n d  4 of  a l l  s i x  

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

e n s u r i n g  t h a t  t h e  e n v i r o n m e n t a l  m e a s u r e s  a r e  r e -  

l a t e d  to~ bu t  no t  m a t h e m a t i c a l l y  p a r t  o f ,  t h e  g e n o -  

t y p i c  m e a s u r e s .  

2 .  R e g r e s s i n g  t h e  m e a n  v a l u e  of t h e  f o u r  r e p l i c a t e s  f o r  

e a c h  g e n o t y p e  on  t h e  m e a n  of t h e  r e m a i n i n g  f i ve  g e n o -  

t y p e s ,  t h u s  r e m o v i n g  p a r t  of t h e  c o r r e l a t i o n  w h i c h  i s  

i nbu i l t  w h e n  u s i n g  t h e  c o n v e n t i o n a l  F i n l a y  a n d  W i l k i n -  

s o n  ( 1 9 6 3 ) ,  m e t h o d .  

B o t h  t h e s e  t e c h n i q u e s  r a i s e  p r o b l e m s  f o r  t he  m e a -  

s u r e m e n t  of  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 s  f r o m  

the  a n a l y s e s  of  v a r i a n c e ,  so  t h e y  h a v e  o n l y b e e n  u s e d  

fo r  o b t a i n i n g  r e g r e s s i o n s  in  o r d e r  to c o m p a r e  t h e  

s l o p e s  of  the  l i n e s  w h i c h  c a n  b e  d r a w n .  The s l o p e s  of  

t he  r e g r e s s i o n  l i n e s  o b t a i n e d  in  t h e s e  t h r e e  w a y s  f o r  

two c h a r a c t e r s  in  1972 a r e  g i v e n  in  T a b l e  6 f r o m  w h i c h  

i t  c a n  b e  s e e n  t h a t  t h e  d i f f e r e n c e s  g e n e r a l l y  s p e a k i n g  

a r e  no t  s i g n i f i c a n t .  Th i s  i s  in  a g r e e m e n t  w i t h  t he  f i n d -  

i ngs  of  P e r k i n s  a n d  J i n k s  ( 1 9 7 3 )  who s h o w e d  t h a t  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  r e m a i n d e r  i t e m s  a n d  t he  

r a n k i n g  of  i n b r e d  l i n e s  on  t he  b a s i s  of  t h e i r  r e g r e s s i o n  

c o e f f i c i e n t s  w e r e  not  s i g n i f i c a n t l y  c h a n g e d  w h e n  i n d e -  

p e n d e n t ,  a s  o p p o s e d  to d e p e n d e n t ,  m e a s u r e s  of  t h e  e n -  

v i r o n m e n t  had  b e e n  u s e d .  W i l l i a m s  ( 1 9 7 5 )  a l s o  d e c i d e d  

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

u n a f f e c t e d  by  t he  two m e t h o d s  he  u s e d  to m e a s u r e  t he  

e n v i r o n m e n t .  

D i s c u s s i o n  a n d  C o n c l u s i o n s  

F r e i n  a p r a c t i c a l  po in t  of  v i e w  i t  wou ld  o b v i o u s l y  b e  

v a l u a b l e  if p l a n t  r e s p o n s e  to a r a n g e  of  e n v i r o n m e n t s  

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

r e g r e s s i o n  d a t a .  Al l  a t t e m p t s  to do t h i s  w i th  p e a  

d a t a  f r o m  two c o n s e c u t i v e  y e a r s  h a v e ,  h o w e v e r ,  p r o v -  

ed  to b e  on ly  m a r g i n a l l y  s u c c e s s f u l .  F a i l u r e  h a s  r e -  

s u l t e d  f r o m  two m a i n  c a u s e s :  e i t h e r  t h e  d a t a  h a v e  not  

b e e n  s u f f i c i e n t l y  l i n e a r  to p e r m i t  t he  n e c e s s a r y  d e g r e e  

of  a c c u r a c y  o r ,  w h e n  good  l i n e a r  d a t a  h a v e  b e e n  o b -  

t a i n e d ,  t h e  d e g r e e s  of  r e s p o n s e  h a v e  d i f f e r e d  f r o m  

y e a r  to y e a r .  

A l r e a d y  t h e r e  a r e  a n u m b e r  of  i n d i c a t i o n s  in  t he  

l i t e r a t u r e  of  c u r v i l i n e a r i t y  of  r e s p o n s e  to e n v i r o n m e n t ,  

of  n o n - l i n e a r i t y  a n d  of  d i f f e r e n t  r e s p o n s e s  to e n v i r o n -  

m e n t  in  d i f f e r e n t  y e a r s  o r  s e a s o n s .  A s  t he  r a n g e  o f  

p l a n t  m a t e r i a l  e x a m i n e d  u s i n g  t h e s e  t e c h n i q u e s  i s  e x -  

t e n d e d  so  t h e  p o s s i b i l i t y  of  t h e  F i n l a y  a n d  W i l k i n s o n  

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

l i k e l y .  
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T a b l e  4 .  V a l u e s  f o r  t h r e e  c h a r a c t e r s  o b s e r v e d  in  1973 c o m p a r e d  b y  ' t '  t e s t s  w i t h  t h e  v a l u e s  e x p e c t e d  

f r o m  t h e  1972 d a t a  

E n v t .  1 2 3 4 5 6 7 8 

AHUs to first flower 
Variety 

Obs. 
DSP Exp. 

Obs. 
G reenshaft E xp. 

Obs. 
Jade Exp. 

Obs. 
Puget Exp. 

Obs. 
Scout Exp. 

Obs. 
Sprite Exp. 

487 540 - 530 346 420 345 416 
493 534 - 518 339 403 335 401 

496 543 - 537"  346 399 344 398 
480 514 - 501 351 404 348 403 

425 448 - 419 ' "  293 3 4 1 "  2 8 6 '  3 3 8 "  
427 461 - 448 299 352 296 351 

514 566'" - 540' 352" 434 348" 434 
505 540 - 526 373 427 370 426 

435 478 - 474 304"' 346 300 346 
454 497 - 480 294 360 291 359 

392 401 - 389 279 324 279 324 
392 428 - 414 262 316 260 315 

Distance in cm. from 1st to 

Variety 
Obs. 

DSP Exp. 

Obs. 
Greenshaft Exp. 

Obs. 
Jade Exp. 

Obs. 
Puget Exp. 

Obs. 
Scout Exp. 

Obs. 
Sprite Exp. 

4th flowering node (Internode Length) 

1 7 . 8 0  1 4 . 4 9  - 1 9 . 2 4  16 .79  2 1 . 7 8  3 . 1 2  1 3 . 3 0  
1 7 . 8 4  1 6 . 1 8  - 1 9 . 5 9  15 .79  2 0 . 8 2  7 . 0 7  1 5 . 8 1  

1 4 . 3 3 '  1 7 . 3 8  - 2 0 . 8 0  1 2 . 3 4  2 3 . 1 8  3 . 7 1  1 8 . 4 4  
1 7 . 7 3  1 5 . 7 9  - 19 .79  1 5 . 3 3  2 1 . 2 3  5 . 0 9  1 5 . 3 5  

2 0 . 3 9 '  2 3 . 6 0  - 2 3 . 1 4  2 0 . 8 2  2 8 . 1 5  1 0 . 9 8  2 1 . 9 1  
2 5 . 0 8  2 3 . 0 5  - 2 7 . 2 3  2 2 . 5 7  2 8 . 7 3  11 .89  2 2 . 6 0  

1 0 . 4 0  8 . 4 0  - 1 4 . 8 1  8 . 7 6  14 .51  2 . 7 7  11 .09  
1 2 . 3 7  1 0 . 7 8  - 1 4 . 0 5  1 0 . 4 1  1 5 . 2 3  2 . 0 4  1 0 . 4 3  

2 3 . 6 8 '  2 0 . 2 6  - 2 2 . 3 2  2 1 . 3 4 '  2 3 . 4 0  1 2 . 1 2  2 1 . 4 1 '  
2 0 . 2 5  1 8 . 6 3  - 2 1 . 9 7  1 8 . 2 4  2 3 . 1 7  9 . 7 0  18 .26  

2 2 . 2 5  18~18 - 1 7 . 8 7  1 9 . 8 2  19 .66  13 .77  1 3 . 8 7  
1 9 . 0 1  1 7 . 5 5  - 2 0 . 5 4  1 7 . 2 1  2 1 . 6 2  9 . 5 5  1 7 . 2 2  

Number of pods at the second flowering node 

Variety 
O b s .  1 . 7 0  1 . 1 6  - 

D S P  E x p .  1 . 7 3  1 .25  - 

O b s .  1 . 7 3  1 .16  
G reenshaft Exp. 1.79 1.27 - 

Obs. 1.69 1.33 - 
Jade Exp. 1.82 1.43 

Obs. 2.34 1.72 - 
Puget Exp. 2.11 1.53 

Obs. 1.45 1.31 
Scout Exp. 1.52 1.05 

Obs. 1.39 1.03 
Sprite Exp. 1.31 1.14 

1 . 0 8  1 . 4 8  1 .36  1 . 5 3  1 .39  
1 . 1 4  1 .51  1 .46  1 .38  1 . 5 2  

0 . 9 6  1 . 4 2  1 . 3 4  1 . 5 3  1 .46  
1 .16  1 .56  1 . 5 0  1 .42  1 .57  

1 . 5 2  1 .58  1 . 6 4  1 . 0 3 '  1 . 7 4  
1 .35  1 . 6 4  1 . 6 0  1 .54  1 .65  

1 .08  1 . 9 7  1 .85  1 . 9 2  1 . 8 4  
1 . 4 0  1 . 8 4  1 .78  1 . 6 9  1 .86  

1 .42  1 . 5 7  1 . 6 0  1 .36  1 . 7 1 '  
0 . 9 4  1 .31  1 .25  1 . 1 8  1 . 3 2  

0 . 9 9  1 .11  1 . 0 2  1 . 0 0  1 .02  
1 . 1 0  1 . 2 3  1 . 2 1  1 . 1 8  1 .26  



B. Snoad and A.E. Arthur: Use of Regression Techniques for Predicting the Response to Environment 17 

Table 5. Values for three characters observed in 1973 compared by 't' tests with the values expected 
from the 1972 data 

E n v t .  1 2 3 4 5 6 7 8 

Number of seeds per pod at 

Variety 
Obs. 

DSP 
Exp. 

Obs. 
Greenshaft 

Exp. 

Obs. 
Jade Exp. 

Obs. 
Puget Exp. 

Obs. 
Scout Exp. 

Obs. 
Sprite Exp. 

Total number of seeds at the 

Variety 
Obs. 

DSP 
Exp. 

Obs. 
Greenshaft Exp. 

Obs. 
Jade Exp. 

Obs. 
Puget Exp. 

Obs. 
Scout Exp. 

Obs. 
Sprite Exp. 

t h e  s e c o n d  flowering n o d e  

3 . 9 9  4 . 6 3  - 4 . 3 6  5 . 1 3  4 . 5 0  3 . 6 4  4 . 4 5  
4 . 8 3  4 . 2 9  - 4 . 7 1  5 . 6 8  4 . 9 8  3 . 7 6  4 . 9 0  

6 . 0 5 '  5 . 0 9  - 5 . 6 7  6 . 9 9  5 . 8 7  5 . 2 0  5 . 6 6  
6 . 1 8  5 . 7 0  - 6 . 0 7  6 . 9 5  6 . 3 1  5 . 2 1  6 . 2 4  

3 . 9 8  3 . 1 3  - 3 . 5 6  4 . 8 9  3 . 5 9  3 . 0 2  4 . 0 5  
3 . 7 0  3 . 1 8  - 3 . 5 9  4 . 5 4  3 . 8 4  2 . 6 5  3 . 7 7  

3 . 8 7  2 . 6 9  - 2 . 9 2  4 . 0 4  3 . 6 8  3 . 6 9  3 . 2 3  
3 . 9 4  3 . 6 4  - 3 . 8 8  4 . 4 2  4 . 0 2  3 . 3 4  4 . 0 0  

4 . 1 8  4 . 1 0  - 4 . 9 8  4 . 8 6  4 . 4 8  3 . 5 0  4 . 5 8  
4 . 4 1  3 . 9 9  - 4 . 3 2  5 . 0 7  4 . 5 2  3 . 5 8  4 . 4 6  

5 . 4 0  5 . 3 7  - 5 . 4 2  5 . 4 8  6 . 0 3  3 . 5 3  5 . 8 3  
4 . 5 1  4 . 3 2  - 4 . 4 7  4 . 8 2  4 . 5 6  4 . 1 3  4 . 5 3  

second flowering node 

7 . 1 9  5 . 9 8  - 6 . 1 9  7 . 8 1  6 . 4 7  6 . 0 8  6 . 6 5  
8 . 4 9  5 . 6 3  - 6 . 0 5  8 . 4 5  6 . 9 4  5 . 7 3  7 . 2 5  

1 1 . 2 2  6 . 9 0  - 6 . 8 5 '  10 .71  8 . 2 3 '  8 . 3 0  8 . 6 6  
11 .36  8 . 1 9  - 8 . 6 6  1 1 . 3 1  9 . 6 4  8 . 3 1  9 . 9 8  

7 . 1 7  4 . 7 3  - 5 . 9 0  8 . 0 4  6 . 0 8  4 . 3 8  7 . 0 4  
7 . 9 4  4 . 5 5  - 5 . 0 5  7 . 8 8  6 . 1 0  4 . 6 7  6 . 4 7  

9 . 8 4  5 . 3 6  - 4 . 7 5  8 . 7 7  7 . 3 6  7 . 4 9  6 . 8 4  
8 . 2 3  6 . 3 7  - 6 . 6 5  8 . 2 5  7 . 2 5  6 . 4 4  7 . 4 5  

7 . 2 4  6 . 4 7  - 7 . 7 7 '  8 . 3 8  7 . 5 8  5 . 6 2  8 . 1 3  
7 . 6 6  5 . 2 6  - 5 . 6 1  7 . 6 3  6 . 3 6  5 . 3 4  6 . 6 2  

7 . 5 3  5 . 7 4  5 . 9 0  6 . 2 9  6 . 3 3  3 . 8 4  6 . 3 5  
6 . 4 6  5 . 1 3  - 5 . 3 2  6 . 4 3  5 . 7 3  5 . 1 7  5 . 8 8  

Total seeds from flowering nodes 1-4 (Yield) 

Variety 
O b s .  1 8 . 1 9  14 .51  

D S P  E x p .  2 0 . 7 9  1 4 . 7 2  

O b s .  2 8 . 7 6  1 8 . 0 9  
G r e e n s h a f t  E x p .  2 8 . 4 5  2 0 . 4 9  

O b s .  1 7 . 1 7  13 .65  
J a d e  E x p .  2 0 . 4 7  1 3 . 5 2  

Obs. 22.70 14.53 
Puget Exp. 19.75 15.63 

Obs. 21.34 16.57 
Scout Exp. 20.85 14.72 

Obs. 22.40 17.83 
Sprite Exp. 20.23 16.17 

1 7 . 4 6  
1 7 . 4 2  

1 9 . 6 7  ' 
2 4 . 0 3  

1 9 . 8 6  
1 6 . 6 1  

1 2 . 8 9  
17 .46  

2 2 . 3 9  
1 7 . 4 4  

18 .69  
17 .98  

2 0 . 8 6  
2 1 . 5 5  

2 7 . 0 6  
2 9 . 4 5  

2 1 . 3 7  
2 1 . 3 4  

2 2 . 0 1  
2 0 . 2 7  

24.35 
2 1 . 6 1  

19 �9 37 
2 0 . 7 4  

1 7 . 8 0  
2 1 . 0 6  

2 5 . 7 4  
2 8 . 8 0  

2 0 . 7 6  
2 0 . 7 8  

19 .76  
1 9 . 9 3  

2 4 . 9 2  
2 1 . 1 2  

2 3 . 1 4  
2 0 . 4 1  

1 4 . 4 8  
1 3 . 7 9  

2 1 . 5 0  
1 9 . 2 8  

1 1 . 0 3  
12 .46  

17 .96  
1 5 . 0 0  

15 .48  
13 .78  

9 . 3 0  
15.55 

1 7 . 9 6  
1 9 . 9 4  

2 5 . 0 8  
2 7 . 3 4  

2 1 . 4 7  
1 9 . 5 0  

1 6 . 6 8  
1 9 . 1 8  

24.59 
19.99 

19.85 
19.67 
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Table 6. Comparison of regression slopes obtained with two characters having estimated 
the environment in three different ways 

Environment measured as 

M e a n  of a l l  M e a n  of two M e a n  of r e m a i n i n g  
A H U s  g e n o t y p e s  r e p l i c a t e s  f i ve  g e n o t y p e s  

V a r i e t y  1 1 . i l  • 0 . 0 8  i .  11 .t 0 . 0 9  1 .12  • O. 10 
V a r i e t y  2 0 . 9 3  • 0 . 0 7  0 . 9 2  i 0 . 0 7  0 . 9 2  • 0 . 0 8  
V a r i e t y  3 0 . 9 2  + 0 . 0 2  0 . 9 1  • 0 . 0 2  0 . 9 0  • 0 . 0 2  
V a r i e t y  4 0 . 9 5  i 0 . 0 3  0 . 9 1  -+ 0 . 0 7  0 . 9 4  i 0 . 0 3  
V a r i e t y  5 i . 1 5  i 0 . 1 0  1 . 1 3  • O . l i  1 .16  -+ 0 . 1 3  
V a r i e t y  6 0 . 9 4  -+ 0 . 1 4  0 . 9 6  +- 0 . 1 4  0 . 9 0  • 0 . 1 6  

I n t e r n o d e  l e n g t h  

V a r i e t y  1 0 . 9 0  • 0 . 1 2  0 . 9 9  • 0 . 1 4  0 . 9 5  i 0 . 1 5  
V a r i e t y  2 1 .15  + 0 . 0 7  1 .22  • 0 . 0 8  1 .17  + 0 . 0 8  
V a r i e t y  3 1 .20  • 0 . 0 9  1 . 3 4  i 0 . 1 9  1 .16  i 0 . 1 2  
V a r i e t y  4 0 . 9 4  i 0 . 0 5  0 . 9 7  i 0 . 0 6  0 . 9 3  • 0 . 0 6  
V a r i e t y  5 0 . 9 6  i 0 . 0 5  0 . 8 5  • 0 . 0 8  0 . 8 5  i 0 . 0 8  
V a r i e t y  6 0 . 8 6  + 0 . 1 5  0 . 8 5  • 0 . 1 7  0 . 8 0  • 0 . 1 7  

F i v e  p o p u l a t i o n s  of c o c k s f o o t  w e r e  g r o w n  in  two 

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

t e c h n i q u e s  w e r e  a p p l i e d  b y  B r e e s e  ( 1 9 6 9 ) .  On ly  in  

one  of t h e  y e a r s ,  1965,  i s  i t  p o s s i b l e  to  d e m o n -  

s t r a t e  good  l i n e a r i t y  of r e s p o n s e  to e n v i r o n m e n t .  

In 1966 o n l y  two of t h e  p o p u l a t i o n s  a p p r o a c h  l i n e -  

arity but this might be due to data being available from 

only four environments in that year. Very good linear 

responses were obtained, however, when the data 

were combined from the two years but the degrees 

of response of the five populations, as measured by 

regression slopes, differ if the data are combin- 

ed over years and sites rather than over years within 

sites. 

F i n a l  p l a n t  h e i g h t  in  Nicotiana vus t ica  p l a n t s  g r o w n  

in  a l l  p o s s i b l e  c o m b i n a t i o n s  of p r e s e n c e  o r  a b s e n c e  

of N , P  a n d  K f e r t i l i z e r s  h a s  b e e n  a n a l y s e d  u s i n g  r e -  

g r e s s i o n  t e c h n i q u e s  (Hi l l  and  P e r k i n s ,  1 9 6 9 ) .  The  r e -  

l a t i o n s h i p  b e t w e e n  p h o s p h a t i c  a n d  n o n - p h o s p h a t i c  g r o u p s  

was  s u c h  t h a t  a t  t h e  l o w e r  end  of  t he  s c a l e  a r a d i c a l  

a l t e r a t i o n  of  g e n o t y p e  r e s p o n s e  to e n v i r o n m e n t  h a d  to 

b e  c o n s i d e r e d  a n d  t h r e e  h y p o t h e s e s  w e r e  put  f o r w a r d .  

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

m i g h t  b r e a k  down a l t o g e t h e r  o r  a s e c o n d ,  and  d i f f e r e n t ,  

r e l a t i o n s h i p  c o u l d  t h e n  a p p l y .  T h i r d l y ,  t h e  r e l a t i o n -  

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

c u r v i l i n e a r .  It i s  p o i n t e d  out  t h a t  w i t h i n  t h e  r a n g e  n o r -  

r e a l l y  e x p e r i e n c e d  t h i s  c u r v i l i n e a r  r e l a t i o n s h i p  would  

b e ,  to  a l l  i n t e n t s  and  p u r p o s e s ,  l i n e a r .  

A n u m b e r  of  c r i t i c i s m s  of g e n o t y p e - e n v i r o n m e n t  

r e g r e s s i o n  t e c h n i q u e s  h a v e  b e e n  m a d e  by  Kn igh t  ( 1970 ) 

u s i n g  B r e e s e ' s  ( 1 9 6 9 )  d a t a .  Kn igh t  p o i n t e d  ou t  t h e  

s i m i l a r i t y  b e t w e e n  t h r e e  of t h e  f i v e  p o p u l a t i o n s  of  

c o c k s f o o t  u s e d  and  i n d i c a t e d  how b ig  a c o n t r i b u t i o n  

t h e y  w e r e  m a k i n g  to t h e  e n v i r o n m e n t a l  m e a s u r e s .  

One  p o p u l a t i o n ,  h o w e v e r ,  w a s  s t r i k i n g l y  d i f f e r e n t  in  

o r i g i n ,  C a n t a l ,  w i th  a d i f f e r e n t  g r o w t h  r e s p o n s e  a n d  

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

r i n g - f r e q u e n c i e s  w e r e  d i s t i n g u i s h e d .  He c o n c l u d e d  t h a t  

e x t r a p o l a t i o n  f r o m  t h e s e  d a t a  would  l e a d  to s e r i o u s  

e r r o r s  in  i n t e r p r e t a t i o n .  

R e g r e s s i o n s  f o r  two y e a r s  h a v e  b e e n  c o m p a r e d  f o r  

Loliwn perenne g r o w n  a s  s p a c e d  p l a n t s  a n d  s w a r d s  

( S a m u e l ,  H i l l ,  B r e e s e  and  D a v i e s ,  1 9 7 0 ) .  S i g n i f i -  

c a n t  d i f f e r e n c e s  in  r e s p o n s e  w e r e  n o t e d  b e t w e e n  t h e  

two y e a r s  in  b o t h  c o n d i t i o n s  of g r o w t h  b u t ,  a s  o n e  of 

t h e  y e a r s  w a s  a d r o u g h t  y e a r  g i v i n g  low y i e l d s ,  i t  w a s  

s u g g e s t e d  t h a t  u n d e r  t h e s e  s t r e s s  c o n d i t i o n s  t h e  r e -  

g r e s s i o n s  b e c o m e  c u r v i l i n e a r .  C o m p a r i s o n s  of o b -  

s e r v e d  and  p r e d i c t e d  v a l u e s  of one  p o p u l a t i o n  w e r e  

not  s i g n i f i c a n t l y  d i f f e r e n t  at  t h r e e  out  of f o u r  n i t r e -  

gen  l e v e l s .  In t h e  f o u r t h ,  h i g h  n i t r o g e n ,  l e v e l  t h e  d i f -  

f e r e n c e  was  s i g n i f i c a n t ,  h o w e v e r ,  and  t h i s  w a s  a t t r i -  

b u t e d  to n i t r o g e n  t o x i c i t y .  One  of  t he  c o n c l u s i o n s  

r e a c h e d  w a s  t h a t  i t  wou ld  b e  u n w i s e  to g e n e r a l i s e  

too  f a r  un t i l  t h e s e  t e c h n i q u e s  h a v e  b e e n  e x t e n d e d  to 

c o v e r  a w i d e r  r a n g e  of g e n e t i c  m a t e r i a l .  

O t h e r  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  e x p e r i -  

mer i t s  h a v e  b e e n  r e p o r t e d  in Loliwn perenne g r o w n  

f o r  two y e a r s  in  c o n t r a s t i n g  n i t r o g e n  r e g i m e s  (H i l l  

a n d  S a m u e l ,  1 9 7 1 ) .  W h e n  t h e  e n v i r o n m e n t  w a s  s u b -  

d i v i d e d  in to  i t s  c o m p o n e n t  p a r t s ,  s m a l l  and  s i g n i f i -  



B. Snoad and A . E .  Ar thu r :  Use of R e g r e s s i o n  Techniques for  P r ed i c t i ng  the Response  to Env i ronment  19 

cant changes in s lope of r e g r e s s i o n  l ines  o c c u r r e d  

f rom y e a r  to y e a r  and for  the two n i t rogen l e v e l s .  

C u r v i l i n e a r i t y  of the r e sponse  l ines  was one of the 

r e a sons  put fo rward  to explain these  d i f fe rences  in 

s lope .  A l t e rna t i ve ly ,  it was sugges ted  that light and 

t e m p e r a t u r e ,  which affect  r e sponse  within y e a r s ,  

may  have been opera t ing  at en t i r e ly  di f ferent  l eve l s  

f rom those  affect ing r e sponse  a c r o s s  n i t rogen  l eve l s  

o r  f rom one yea r  to ano ther .  

Methods fo r  the s t a t i s t i ca l  ana lys i s  of genotype-  

env i ronment  in te rac t ions  have been r ev iewed  ex ten-  

s ive ly  by F r e e m a n  ( 1973). In this r ev iew it is  empha-  

s i zed  that ex t rapola t ion  of genotype r e sponse  to en-  

v i ronmen t  should be approached with caut ion,  p a r t i -  

cu l a r ly  when the new env i ronment s  come  f rom a po-  

pulation d i f ferent  f rom that f rom which the e x p e r i -  

menta l  env i ronmen t s  a r e  a sample  and also if s o m e  

env i ronment s  a r e  sub-op t ima l  o r  s u p e r - o p t i m a l .  The 

d i f f icul t ies  inherent  in deciding what condit ions will  

lead to l i nea r i ty  of r e g r e s s i o n  a r e  also pointed out 

toge the r  with an obse rva t ion  that ,  while  one set  of 

c h a r a c t e r s  has f requen t ly  been found to give l i nea r  

r e g r e s s i o n s ,  o ther  c h a r a c t e r s  m e a s u r e d  on the s a m e  

set  of genotypes have not.  

Wide devia t ions  f rom l inea r i ty  of r e sponse  have 

been r e p o r t e d  fo r  Brassiea napus f rom which it 

was concluded that r e g r e s s i o n  techniques  to c h a r a c -  

t e r i s e  r e s p o n s e  of genotypes to env i ronment  a r e  "an 

o v e r - s i m p l i f i c a t i o n "  (Witcombe andWhit t ington,  1971 ) .  

The yie ld  of s t r a w b e r r i e s  has a l so  been examined  

using r e g r e s s i o n  techniques  and it was concluded that ,  

s ince  d i f ferent  r e g r e s s i o n  coef f ic ien ts  were  obtained 

with the s a m e  ma te r i a l  grown in a range  of env i ron -  

ments  and y e a r s ,  p red ic t ing  r e s p o n s e s  of c u l t i v a r s t o  

unt r ied  env i ronmen t s  using these  techniques  i s  " a  haz-  

a rdous  p r o c e d u r e "  (Wi l l i ams ,  1975). 

It s e e m s  inescapab le  that only occas iona l ly  can a 

t ru ly  l i nea r  r e sponse  to a range  of env i ronment s  be 

adequate ly  demons t r a t ed ,  and this  conclus ion appl ies  

to a s t ead i ly  widening range of c h a r a c t e r s  and gene ra .  

Assuming  that a c u r v i l i n e a r  r e sponse  s o m e t i m e s  ex -  

s i s t s ,  t he re  r e m a i n s  the p rob lem of deciding at what 

point in the envi ronmenta l  range  the change f rom l in -  

ea r i t y  to c u r v i l i n e a r i t y  takes  p lace .  An even m o r e  

worry ing  p rob lem is  that r a i s e d  by the d e m o n s t r a -  

tion of d i f ferent  deg ree s  of l i n e a r  r e s p o n s e  in d i f -  

ferent  c i r c u m s t a n c e s  and it is  this p rob lem in p a r -  

t i cu l a r  which throws the most  doubt upon accu ra t e  

p red ic tab i l i ty  of envi ronmenta l  r e s p o n s e s  using r e -  

g r e s s i o n  t echn iques .  
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