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Genotypic and Environmental Variation in Autumn-sown Onions 
J . F . M .  Fenne l l  and P . J .  Sa l t e r  
Nat ional  Vege tab le  R e s e a r c h  Station,  We l l e sbourne ,  Warwick (England)  

S u m m a r y .  Seven onion c u l t i v a r s  of J a p a n e s e  and European  o r ig in  w e r e  eva lua ted  in au tumn-sown  t r i a l s ,  at s ix  
s i t e s  o v e r  two s e a s o n s .  Within each  s e a s o n  genotypic  d i f f e r ences  w e r e  de tec ted  for  w i n t e r - k i l l ,  bolt ing,  m a t u -  
r i ty  t i m e  and y ie ld .  In g e n e r a l  the J a p a n e s e  c u l t i v a r s  showed cons i s t en t ly  l ower  l e v e l s  of bolt ing and w i n t e r - k i l l  
and e a r l i e r  m a t u r i t y  r e l a t i v e  to the Eu ropean  c u l t i v a r s .  E nv i ronm en ta l  e f fec t s  w e r e  impor t an t  with d i f fe renced  
be tween  s e a s o n s ,  s i t e s  and sowings  r e c o r d e d  for  mos t  c h a r a c t e r s .  It was concluded that the u se  of e a r l y  and la te  
August  sowings  would p rov ide  su i t ab le  s c r e e n i n g  env i ronm en t s  for  bolt ing and w i n t e r - k i l l  r e s p e c t i v e l y .  There  
w e r e  a lso  d i f f e r e n c e s  be tween  genotypes  in t he i r  l i n e a r  r e s p o n s e  to env i ronm en t s  as  shown by joint  r e g r e s s i o n  
a n a l y s e s .  ' E x p r e s s  Yel low O - X '  (hybr id)  showed l eas t  r e s p o n s e  to e n v i r o n m e n t s  fo r  bolt ing and w i n t e r - k i l l  and 
'Senshyu s e m i - g l o b e  Ye l l ow '  gave  the mos t  cons i s t en t  t i m e  to m a t u r i t y  o v e r  e n v i r o n m e n t s .  
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In t roduct ion  

In the UK s t o r a g e  of s p r i n g - s o w n  balb onions in a m -  

b i e n t - c o o l e d  s t o r e s  is  e f fec t ive  until March  ( M A F F  

1973) and f rom r e f r i g e r a t e d  s t o r e s  until May, but 

f rom Apr i l  until  August  suppl ies  have  a lways  been 

domina ted  by i m p o r t s .  Recen t  e x p e r i m e n t a l  work has  

c o n f i r m e d  the potent ia l  of au tumn-sown onions as a 

c o m m e r c i a l  method  giving bulbs r eady  fo r  h a r v e s t  

in the J u n e / J u l y  p e r i o d  (Tucker  and Hough 1973). 

C e r t a i n  J a p a n e s e  and E u r o p e a n  c u l t i v a r s ,  when d r i l l -  

ed in August ,  g ive  accep tab le  y ie lds  in the fol lowing 

s u m m e r  but the t i m e  of sowing has  been shown to be 

c r i t i c a l  (Sa l t e r  and J a m e s  1975).  Large plants  e n t e r -  

ing the win te r  a f t e r  an e a r l y  August sowing r eac t  to a 

co ld  s t imu lus  and may  bolt dur ing the fol lowing spr ing  

o r  s u m m e r .  Howeve r ,  l a t e r  sowing at the end of Au-  

gust  o r  e a r l y  S e p t e m b e r ,  may  r e s u l t  in h igher  plant 

l o s s e s  through w i n t e r - k i l l  because  of the s m a l l e r  plant 

s i z e .  At the p r e sen t  t i m e  a mid -Augus t  sowing has  

been r e c o m m e n d e d  for  many produc t ion  a r e a s  (Sa l t e r  

1975) but th is  g ives  the g r o w e r  v e r y  l i t t l e  f l ex ib i l i ty  

in p r a c t i c e .  Any gene t ic  i m p r o v e m e n t  for  r e s i s t a n c e  

to bolt ing and w i n t e r - k i l l  is  l ike ly  to be of va lue  in 

extending the d r i l l ing  p e r i o d  and should  i m p r o v e  c r o p  

y i e ld s .  In addi t ion any new c u l t i v a r s  should have  d i s -  

t inct  and r e l i a b l e  m a t u r i t y  t i m e s  to al low for  s equen -  

t ia l  h a r v e s t  throughout  the J u n e / J u l y  pe r iod .  

As a preliminary to a breeding programme cer- 

tain information about variation in the overwintered 

crop is desirable. The breeder will seek guidance on 

the selection of suitable parental material and of 

screening environments which maximise the expres- 

sion of characters for improvement. The existence of 

any genotype x environment (GE) interactions will 

define whether special selection techniques are re- 

quired to take account of them. To investigate the var- 

iation in winter-kill, bolting, maturity and yield data 

from a series of cultivar trials, originally designed 

to give agronomic information, were analysed and the 

variation partitioned into the respective genotypic, 

environmental and GE interaction components. 

Materials and Methods 

In the two s e a s o n s ,  1973/73 and 1973/74,  r e p l i c a t e d  
t r i a l s  of onion c u l t i v a r s  w e r e  conducted  at s e v e r a l  
c e n t r e s  in the UK. The s i t e s  w e r e  s e l e c t e d  acco rd ing  
to t he i r  geograph ica l  and c l i m a t o l o g i c a l  pos i t ion  and 
upon the l ike ly  i n t e r e s t  in the c rop  in the a r e a .  

Experimental variables 

The site/year combinations are presented in Table I. 
The sites were selected to cover a range of soil types 
including silts, sandy Icarus and fen-peat, all of which 
are representative of current onion growing practice. 
The sites differed also in their expected winter cli- 
mate with lower temperatures anticipated in the north 
and east (Yorkshire and Cambridgeshire) and warmer 
conditions in the south-west (Cornwall). 
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Table 1. Location of the e x p e r i m e n t a l  s i t e s  for  t r i a l s  
of au tumn-sown onions in 1972/73 and 1973/74 

Location Symbol Y e a r s  of t r i a l s  

NVRS, W e l l e s b o u r n e ,  
W a r k s .  W 1972/73 
Stockbr idge  House  
EHS, Y o r k s .  S 1972/73 1973/74 
Luddington EHS, 
W a r k s .  L 1972/73 
A. Rickwood E H F ,  
C a m b s .  AR 1972/73 1973/74 
R o s e w a r n e  EHS, 
Cornwal l  R 1972/73 1973/74 
Ef ford  EHS, Hants .  E 1972/73 1973/74 

Six c u l t i v a r s  w e r e  grown at each  s i t e .  In the f i r s t  
s ea son  t he se  w e r e  ' P r e s t o '  ( P ) ,  ' E x p r e s s  Yel low 
O - X '  (EY) ,  'Senshyu s e m i - g l o b e  Ye l l ow '  (SY),  
' Ima i  Yel low (IY) ,  ' H i b e r n a '  (H) and ' R i j n s b u r g e r  
B o l a '  ( B ) .  In the second  sea son  ' E x t r a  E a r l y  Kai -  
zuka '  (K) r e p l a c e d  ' H i b e r n a ' .  ' R i j n s b u r g e r  Bo la '  
and ' Hiberna  ' a r e  Dutch and Czechos lovak ian  c u l t i v a r s  
r e s p e c t i v e l y ,  with 16 h r  daylength r e q u i r e m e n t  for  
bulb in i t ia t ion  and the r e m a i n d e r  a r e  of J a p a n e s e  
o r ig in  with the i n t e r m e d i a t e  daylength r e s p o n s e  (13-  
14 h r ) .  ' R i j n s b u r g e r  B o l e '  is  usual ly  grown f rom a 
s p r i n g - s o w i n g  in the UK and p roduces  b rown-sk inned  
g l obe - shaped  bulbs of the type r e q u i r e d  by the UK 
m a r k e t .  ' H i b e r n a '  was b red  fo r  au tumn-sowing  in 
C z e c h o s l o v a k i a  and p roduces  b rown-sk inned  bulbs.  
The J a p a n e s e  c u l t i v a r s  have in p rev ious  t r i a l s  shown 
a high d e g r e e  of winter  h a r d i n e s s  and r e s i s t a n c e  to 
bolt ing and in gene ra l  have flat ye l l ow-sk inned  bulbs.  
All  the c u l t i v a r s  a r e  open-po l l ina ted  except  ' E x p r e s s  

Yel low O-X ' ,  an F~ hybr id .  In addit ion,  plo+.s of cv .  
'Whi te  Lisbon '  w e r e  grown at each  s i t e  as  a cont ro l  
for  c o m p a r i s o n  of suscep t ib i l i ty  to w i n t e r - k i l l ,  th is  
c u l t i v a r  usual ly  being o v e r w i n t e r e d  in the UK for  sa l ad  
onion product ion .  F r e s h  c o m m e r c i a l  s eed  was obtained 
each y e a r  for  t he se  t r i a l s .  

Two sowings  w e r e  made  at each s i t e ,  in m i d - A u -  
gust  and e a r l y  S e p t e m b e r ;  because  of land p r e p a r a -  
t ion r e q u i r e m e n t s  each sowing was made  on a s e p a r -  
a te ,  but ad jacent ,  s ec t ion  of land. To inves t iga te  the 
effect  of plant densi ty  t h e r e  were  two sowing r a t e s  c a l -  
cu la ted  to g ive  s tands  of 108 and 216 p l a n t s / m  2 in the 
autumn.  It was expec ted  that these  would be r educed  
by win te r  l o s s e s  to app rox im a te ly  86 and 130 p l a n t s / m  2 
r e s p e c t i v e l y .  Howeve r ,  in 1972/73,  these  l o s s e s  in 
plant s tand w e r e  not cons i s t en t  be tween plots  and s o m e  
thinning was n e c e s s a r y  to ach ieve  t a rge t  dens i t i e s  in 
the sp r ing .  Modif ied dr i l l ing  r a t e s  w e r e  used  in the 
second y e a r  to g ive  sp r ing  s tands  of 43 and 86 
p l a n t s / m  2. There  w e r e  t h r ee  r e p l i c a t e s  at each s i t e  
except  Wel l e sbourne ,  whe re  t h e r e  w e r e  only two, and 
c u l t i v a r / d e n s i t y  t r e a t m e n t s  w e r e  fully r a n d o m i s e d  
within each r e p l i c a t e  block for  each  sowing.  

Cul tura l  de ta i l s  

The land was p r e p a r e d  on a " b e d - s y s t e m "  at all  s i t e s  
and a base  d r e s s i n g  of 80 kg /ha  of N, 96 of P and 
186 of K was appl ied as a compound f e r t i l i s e r  fo l low-  
ed by a top d r e s s i n g  of 168 kg /ha  of N in e a r l y  May. 
The use  of h e r b i c i d e s  v a r i e d  between s i t e s  acco rd ing  
to t he i r  indigenous weed f l o r a s .  Plot  s i z e  and row 
a r r a n g e m e n t  a l so  v a r i e d  be tween s i t e s  but at most  
s i t e s  each  plot c o n s i s t e d  of 4 row (0 .3  m apar t )  on 
a 1.5 m (be tween wheel c e n t r e s )  wide bed. The m i -  
nimum plot length was 3.7 m.  

Table 2. Cu l t i va r  means  for  p e r c e n t a g e  w i n t e r - k i l l  and bol t ing,  ma tu r i t y  and 

Cu l t iva r  7~ w i n t e r - k i l l  7~ bolt ing 
[Angles in ()2 [Angles  in ( ) ]  

1972/73 a 1973/74 c 2 y e a r s  ~ 1972/73" 1973/74 c 2 y e a r s  c 

P 14.9 17.1 17.7 
(19.1) (21.3) (21.6) 

EY 7.3  11.7 10.8 
(12 .4 )  (16.5) (16.0) 

SY 10.9 15.7 14.5 
(16 .5)  (19.4) (18.8) 

IY 10.2 16.6 15.1 
(14 .8 )  (21 .7 )  (19.8) 

H 9.4 
(14.4) 

K 15.7 
(19.5) 

B 25.0 30.0 28.1 
(27 .1 )  (31 .4 )  (29 .9 )  

sed -+ (1 .15)  (1 .88)  (1 .17)  

1.0 10.1 5.5 
(2.9) (13.3) (7 .8 )  

0 .5  2 .3  1.4 
(2 .2 )  (4 .4 )  (3 .2 )  

3.5 5 .8  4 .7  
(6 .7 )  (9 .8 )  (8 .0 )  

1.8 5,2 4.0 
(4 .0 )  (10 .2 )  (6.9) 

19.9 - - 
(22.3) 

4 . 2  
(7 .3 )  

a s s e s s e d  at 85+ but not counted 

(0.35) (0 .72)  (0.37) 

'Whi te  15.6 12.8 15.6 
Lisbon '  

a ,b ,c based  upon 6, 5 and 4 s i t e s  r e s p e c t i v e l y  
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R e c o r d i n g  a n d  a n a l y s i s  of  d a t a  

S t a n d  c o u n t s  w e r e  m a d e  o n t h e  s a m e t w o  1 . 3  m l e n g t h s  
of  r o w  p e r  p lo t  in  b o t h  a u t u m n  a n d  s p r i n g  a n d  f r o m  
t h e s e  c o u n t s  p e r c e n t a g e  w i n t e r - k i l l  w a s  c a l c u l a t e d .  
C o u n t s  of  t h e  t o t a l  n u m b e r  of  p l a n t s  a n d  of  b o l t i n g  
p l a n t s  w e r e  m a d e  on  t h e  w h o l e  p lo t  p r i o r  to  h a r v e s t .  
P e r c e n t a g e s  of  t h e  d a t a  f o r  b o t h  c h a r a c t e r s  w e r e  
t r a n s f o r m e d  to  a n g l e s  b e f o r e  a n a l y s i s .  P l a n t  m a t u r -  
i ty  w a s  r e c o r d e d  a s  t he  d a t e  of  100 % f o l i a r  d i e - d o w n  
a n d  e x p r e s s e d  a s  d a y s  a f t e r  30 A p r i l .  P l o t  y i e l d s  
w e r e  r e c o r d e d  a f t e r  h a r v e s t .  

W h e r e  p o s s i b l e  a n a l y s e s  of  v a r i a n c e  w e r e  c a r r i e d  
out  o n  c o m b i n e d  s i t e s  d a t a  f o r  e a c h  y e a r  s e p a r a t e l y  
a n d  f o r  t h e  two  y e a r s  o v e r a l l .  F o r  w i n t e r - k i l l  i n  
1 9 7 2 / 7 3  d a t a  w e r e  a v a i l a b l e  f o r  s i x  s i t e s  a n d  s i x  c u l -  
t i v a r s  a n d  a t  a l l  s i x  s i t e s  in  t h i s  s e a s o n  d a t a  on  b o l t -  
i ng  a n d  y i e l d  w e r e  r e c o r d e d  f o r  f i v e  c u l t i v a r s .  M a t u r -  
i ty  s c o r e s  w e r e  not  t a k e n  a t  L u d d i n g t o n  EHS,  t h e r e -  
f o r e  o n l y  a s e t  of f i v e  s i t e s  • f i v e  c u l t i v a r s  w e r e  a n a -  
l y s e d  f o r  t h i s  v a r i a t e .  F o r  t h e  f o u r  s i t e s  i n  1 9 7 3 / 7 4  
d a t a  w e r e  c o l l e c t e d  o n  f i v e  c u l t i v a r s  f o r  a l l  v a r i a t e s  
e x c e p t  w i n t e r - k i l l  f o r  w h i c h  a s i x t h  c u l t i v a r  ( ' B o l a  ' ) 
w a s  i n c l u d e d .  B e c a u s e  ' H i b e r n a '  w a s  r e p l a c e d  in  t h e  
1 9 7 3 / 7 4  t r i a l s  by  ' E x t r a  E a r l y  K a i z u k a '  t h e  c o m -  
b i n e d  a n a l y s e s  o v e r  y e a r s  w e r e  o n l y  p o s s i b l e  u s i n g  
d a t a  s e t s  of  two y e a r s  • f o u r  s i t e s  • f o u r  c u l t i v a r s  
f o r  m a t u r i t y  a n d  y i e l d .  W i n t e r - k i l l  d a t a  w e r e  a v a i l -  
a b l e  f o r  f i v e  c u l t i v a r s .  The  m e t h o d  of  a n a l y s i s  w a s  
s i m i l a r  to  t h a t  d e s c r i b e d  by  D o w k e r  ( 1 9 7 1 ) .  S i t e s ,  
s o w i n g s ,  d e n s i t i e s  a n d  g e n o t y p e s  w e r e  c o n s i d e r e d  a s  
f i x e d  v a r i a b l e s ,  b e i n g  s e l e c t e d  in  a d v a n c e ,  but  y e a r s  
w e r e  t r e a t e d  a s  a r a n d o m  s a m p l e  of  a l l  y e a r s .  V a r i -  
a n c e  c o m p o n e n t s  w e r e  c a l c u l a t e d  f r o m  e x p e c t e d  m e a n  
s q u a r e s  u s i n g  t h e  m e t h o d  of  S c h e f f ~  ( 1 9 5 9 )  a n d  w e r e  
u s e d  to  a s s e s s  t h e  r e l a t i v e  m a g n i t u d e  of t h e  m a i n  a n d  
i n t e r a c t i o n  e f f e c t s  i n to  w h i c h  v a r i a t i o n  h a d  b e e n  p a r -  
t i t i o n e d .  

W h e r e  s i g n i f i c a n t  GE i n t e r a c t i o n s  w e r e  d e t e c t e d ,  
f u r t h e r  i n v e s t i g a t i o n  w a s  m a d e  u s i n g t h e  j o i n t - r e g r e s -  
s i o n  a p p r o a c h  w h i c h  i s  now w i d e l y  u s e d  f o r  s u c h  a n a -  
l y s e s  ( P e r k i n s  a n d  J i n k s  1 9 6 8 ) .  The  t e c h n i q u e  c o n -  
s i s t s  of  r e g r e s s i n g  g e n o t y p i c  v a l u e s  o n  to  e n v i r o n -  
m e n t a l  m e a n s  a n d  e x a m i n i n g  t h e  d i f f e r e n c e s  b e t w e e n  
g e n o t y p e s  b o t h  in  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  a n d  
t h e i r  d e v i a t i o n s  f r o m  l i n e a r i t y .  The  e n v i r o n m e n t a l  
s c o r e s  a r e  t h e  m e a n  v a l u e  of  a l l  v a r i e t i e s  g r o w n  in  
e a c h  e n v i r o n m e n t .  The  l i n e a r  p r o p o r t i o n  of t h e  GE w a s  
e s t i m a t e d  u s i n g  t h e  m e t h o d  of  F r i p p  a n d  C a t e n  ( 1 9 7 1 )  
to  a s s e s s  t h e  e f f e c t i v e n e s s  of t h e  t e c h n i q u e .  If G E  i s  
f o u n d  to  b e  r e p r e s e n t e d  a s  a l i n e a r  f u n c t i o n  of t h e  e n -  
v i r o n m e n t ,  i t  i s  p o s s i b l e  to  p r e d i c t  t h e  p e r f o r m a n c e  
of  a g e n o t y p e  u n d e r  g i v e n  r e l a t e d  e n v i r o n m e n t a l  c o n -  
d i t i o n s .  In a d d i t i o n  t h e  r e g r e s s i o n  c o e f f i c i e n t  a n d  d e -  
v i a t i o n  f r o m  l i n e a r i t y  a r e  m e a s u r e s  of  t h e  s e n s i t i v i t y  
of  a g e n o t y p e  to e n v i r o n m e n t a l  c h a n g e .  

R e s u l t s  

G e n o t y p i c  e f f e c t s  

The  m e a n s  of  p e r c e n t a g e  w i n t e r - k i l l ,  p e r c e n t a g e  b o l t -  

i ng ,  y i e l d  a n d  m a t u r i t y  t i m e  f o r  e a c h  c u l t i v a r  a r e  

g i v e n  in  T a b l e  2.  W i t h i n  e a c h  y e a r  t h e  d i f f e r e n c e s  b e t -  

w e e n  c u l t i v a r s  f o r  a l l  v a r i a t e s  w e r e  s h o w n  to b e  s i g n i -  

f i c a n t  bu t  f r o m  t h e  c o m b i n e d  a n a l y s i s  o v e r  two s e a -  

s o n s  g e n o t y p i c  d i f f e r e n c e s  w e r e  f o u n d  o n l y  f o r  p e r -  

c e n t a g e  w i n t e r - k i l l .  F o r  b o l t i n g ,  y i e l d  a n d  m a t u r i t y ,  

a y e a r  • g e n o t y p e  i n t e r a c t i o n  w a s  d e t e c t e d  a n d  b e -  

t o t a l  y i e l d  

M a t u r i t y  (100  ~ t o p s  f a l l e n )  
( D a y s  a f t e r  30 A p r i l )  

Total Y i e l d  
( t / h a )  

1 9 7 2 / 7 3  b 1 9 7 3 / 7 4  e 2 y e a r s  c 1 9 7 2 / 7 3  '~ 1 9 7 3 / 7 4  e 2 y e a r s  c 

43.4 54.4 49.5 28.1 30.4 

42.0 46.3 44.5 36.7 31.4 

55.9 56.0 55.4 46.4 38.7 

47.3 50.4 48.6 37.7 32.6 

74.4 - 34.4 - 

- 43.2 - 27.1 

29.6 

33.9 

41.9 

34.6 

0 . 7  1 . 0  0 . 6  0 . 9  3 . 2  0 . 9  
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Table 3. Variance components as a percentage for 
winter-kill, bolting, maturity and total yield calcul- 
ated from 2 years combined analyses 

C o m p o n e n t  W i n t e r -  B o l t i n g  M a t u r i t y  Total  
k i l l  Y i e l d  

GENOTYPIC (G)  1 .5  0 . 8  6 . 2  5 . 5  

E N V I R O N -  
M E N T A L ( T o t a l )  62 .4  7 6 . 6  6 8 . 9  7 6 . 2  

Y e a r s  (Y) 0 . 2  10.1  3 .7  1 .4  
S i t e s  (S)  16 .2  25 .8  - - 
YS 2 . 6  9 . 8  27 .2  34 .2  
S o w i n g s  (So)  19 .6  14 .2  17 .3  11 .3  
SSo 9 . 9  4 . 8  - 4 . 8  
YSSo 6 . 7  5 . 6  14 .1  9 . 8  
D e n s i t i e s  (D)  - - 2 .1  8 . 0  
YD - - 1 .8  
YSD 4 . 7  1 .3  1 .7  2 . 6  
YSoD - 1 .2  0 . 5  1 .7  
YSSoD - 3 . 0  2 . 0  0 . 7  
O t h e r  2 .5  0 . 8  0 . 3  0 . 0  

GE INTERACTIONS 
(Tota l )  14 .9  17 .5  16 .3  8 . 8  

YG 3 .9  4 . 2  1 .4  
SoG 0 . 7  0 . 8  3 .2  - 
GD - - - 0 . 7  
YSG 5 . 8  2 . 8  1 .9  1 .3  
YSoG 2 .7  0 . 5  - 
YSSoG 1 .9  4 . 5  2 .5  
YSGD 1.1  - - 
SSoG D 6 . 9  - - - 
YSSoGD 3 . 2  - - 
O t h e r  1 .5  1 .1  3 .8  2 .9  

E R R O R  (Tota l )  21 .1  5 . 0  8 . 6  9 . 4  

c a m e  t h e  c o r r e c t  e r r o r  t e r m  f o r  t e s t i n g  g e n o t y p i c  

d i f f e r e n c e s ,  a s  y e a r s  w e r e  c o n s i d e r e d  to  be  a r a n d o m  

v a r i a b l e .  A s  a r e s u l t  of r e d u c e d  d e g r e e s  of  f r e e d o m ,  

t h e s e  t e s t s  w e r e  r e l a t i v e l y  i n s e n s i t i v e  and  t h u s  m a y  

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

a t i o n  f o r  e a c h  c h a r a c t e r  w h i c h  p r o v e d  to  be  s i g n i f i -  

c a n t  ( P  = 0.  001) w h e n  t e s t e d  a g a i n s t  t h e  r e s p e c t i v e  

e x p e r i m e n t a l  e r r o r s .  How m u c h  t h e  c h a n g e  of  s e e d  

s t o c k  b e t w e e n  s e a s o n s  c o n t r i b u t e d  to t h e  y e a r  • g e n o -  

t y p e  i n t e r a c t i o n s  c a n n o t  be d e t e r m i n e d  but i s  m u s t  be  

c o n s i d e r e d  when  look ing  at  c o m b i n e d  y e a r s  d a t a .  

In both  y e a r s  ' E x p r e s s  Y e l l o w  O-X ' s h o w e d  g r e a t -  

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

ing  p l a n t s .  C o n v e r s e l y ,  ' B o l a '  s h o w e d  t h e  g r e a t e s t  

w i n t e r  l o s s e s  and  p r e v a l e n c e  to  b o l t i n g .  ' H i b e r n a ' ,  

g r o w n  only  in  t h e  f i r s t  s e a s o n ,  had  only  9 % p lan t  l o s s  

w h i c h  w a s  l o w e r  t h a n  s o m e  of  t he  J a p a n e s e  c u l t i v a r s  

a n d  t h e  c o n t r o l  c u l t i v a r  ' W h i t e  L i s b o n ' .  The e a r l i e s t  

m a t u r i n g  c u l t i v a r s  w e r e  ' E x t r a  E a r l y  K a i z u k a '  a n d  

' E x p r e s  Y e l l o w  O-X ' f o l l o w e d ,  in  o r d e r ,  by ' I m a i  

Y e l l o w ' ,  ' P r e s t o ' ,  ' S e n s h y u s . g .  Y e l l o w '  and  ' H i -  

b e r n a ' .  B e c a u s e  of  e x c e s s i v e  l e v e l s  of  bo l t i ng  t h e  

m a t u r i t y  t i m e  of  ' B o l a '  c o u l d  not  be  a s s e s s e d  a c c u r -  

a t e l y .  The h i g h e s t  y i e l d s  w e r e  p r o d u c e d  by ' S e n s h y u  

s . g .  Y e l l o w '  (42 t / h a ) ,  t h e  l a t e s t  m a t u r i n g  c u l t i v a r ,  

and  t h e  l o w e s t  by ' E x t r a  E a r l y  K a i z u k a '  (27 t / h a ) ,  

t he  e a r l i e s t  (Tab le  2 ) .  The o t h e r  c u l t i v a r s  p r o d u c e d  

i n t e r m e d i a t e  y i e l d s  a n d  w e r e  s i m i l a r  to  e a c h  o t h e r .  

E n v i r o n m e n t a l  e f f e c t s  

The e n v i r o n m e n t a l  i n f l u e n c e s  w e r e  c o n s i d e r a b l e ,  a c -  

c o u n t i n g  f o r  o v e r  60 ~ of  v a r i a t i o n  e n c o u n t e r e d  fo r  e a c h  

v a r i a t e  (Tab le  3 ) .  F o r  w i n t e r - k i l l  a n d  b o l t i n g ,  s i t e s  

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

a b l e  v a r i a t i o n  b e t w e e n  y e a r s  w a s  a l s o  d e t e c t e d  f o r  

b o l t i n g .  F o r  m a t u r i t y  and  y i e l d ,  y e a r  • s i t e ,  s o w i n g s  

and  y e a r  • s i t e  • s o w i n g s  w e r e  m o s t  i m p o r t a n t  in  

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

w i n t e r - k i l l  and  p e r c e n t a g e  b o l t i n g  a r e  g i v e n  in  Table  4 

a n d  f o r  m a t u r i t y  and  y i e l d  in Table  5. 

W i n t e r  l o s s e s  w e r e  h i g h e s t  f r o m  the  l a t e r  s o w i n g  

and  p e r c e n t a g e  of  b o l t e r s  g r e a t e s t  f r o m  the  e a r l i e r  

s o w i n g  at  a l l  s i t e s .  W i n t e r  l o s s e s  w e r e  h igh  at A.  

R i c k w o o d  E H F  and  E f f o r d  EHS and  low at R o s e w a r n e  

EHS ( t h e  s i t e  wi th  t he  m i l d e s t  w i n t e r  c l i m a t e )  but a 

s i t e  • y e a r  i n t e r a c t i o n  w a s  a l s o  d e t e c t e d .  When  t e s t e d  

a g a i n s t  t he  s i g n i f i c a n t  y e a r  • s i t e  • s o w i n g  i n t e r a c -  

t i on ,  which  i s  the  a p p r o p r i a t e  t e s t  when  y e a r s  a r e  c o n -  

s i d e r e d  a s  r a n d o m ,  t h e  s i g n i f i c a n c e  of  a s i t e  x s o w i n g  

i n t e r a c t i o n  f o r  w i n t e r - k i l l  c o u l d  not be s h o w n .  H o w -  

e v e r ,  t he  d e l e t e r i o u s  e f f e c t  of  l a t e r  s o w i n g  was  v e r y  

m u c h  g r e a t e r  at A.  R i c k w o o d  E H F  and  E f f o r d  EHS 

t h a n  at t h e  o t h e r  s i t e s .  

F o r  b o l t i n g  the  e f f e c t s  o f  s i t e  and  s o w i n g  a c c o u n t -  

ed  f o r  26 ~ and  14 ~ of t he  o v e r a l l  v a r i a t i o n  r e s p e c -  

t i v e l y  (Tab le  3) and  y e a r  d i f f e r e n c e s  w e r e  d e t e c t e d ,  

wi th  h i g h e r  n u m b e r s  of  bo l t ing  p l a n t s  in t h e  s e c o n d  

season. At A. Rickwood EHS the percentage of bol- 

ters was low and at Rosewarne EHS high in bothyears. 

For maturity, differences were found between years 

and between sowings with later maturity in the second 

season and from later sowing. Site differences could 

not be shown because of the existence of a large site 

• year interaction but within each season site differ- 

ences were significant (p = 0.001). Efford was the 
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Table  4. E n v i r o n m e n t a l  means  fo r  p e r c e n t a g e  w i n t e r - k i l l  and bol t ing 

7" w i n t e r - k i l l  7" bolt ing 
[Angles  in ( ) ]  [Angles  in ()2 

E n v i r o n m e n t  1974/73" 1974/74 a 2 y e a r s  b 1972/73 b 1973/74 b 2 y e a r s  ~ 

Si te  

W 5.0  - - 9.9 
(11.4) (12.2) 

S 10.3 10.9 11.7 1.2 0 .8  0 .5  
(15.1) (16.5) (17.0) (2.7) (3.1) (1.9) 

L 11.5 - - 3.7 
(15 .3 )  ( 7 .1 )  

AR 27.3 30.8 29.3 0 .3  0 .9  0 .5  
(29.9) (31.6) (80.8) (0.9) (3.3) (1.9) 

R 3.4 11.5 7 .9  12.4 18.4 12.8 
(9 .0 )  (16 .4 )  (13 .2 )  (15 .3 )  (23 .8 )  (17 .3)  

E 20.2 18.1 20.1 4 .6  2.8 1.9 
(24 .3 )  (22 .1 )  (23 .9 )  ( 7 .5 )  (5 .8 )  (4 .6 )  

sed  • (1 .78)  (1 .48)  (1 .17)  (0 .56)  (1 .54)  (0 .71)  

Sowin G 

1 7 .6  9.8 9 .3  9.4 8.7 6.3 
(13 .1 )  (15 .8 )  (15 .3 )  (12 .6 )  (13 .2 )  (10 .1 )  

2 18.3 25.8 25.2 1.2 2.7 1.6 
(21 .9)  (27 .4 )  (27 .2 )  ( 2 .6 )  ( 4 .8 )  (2 .9 )  

sed  + (1 .03)  (1 .05)  (0 .83)  (0 .32)  (1 .09)  (0 .50)  

Dens i ty  

Low 13.2 19.5 18.4 6 .3  5.7 4 .3  
(17 .3 )  (22 .5 )  (21 .7 )  (8 .5 )  ( 9 .2 )  (8 .9 )  

High 12.7 16.2 16.1 4 .4  5.7 3.6 
(17 .7 )  (20 .7 )  (20 .7 )  (6 .7 )  ( 8 .9 )  (8 .0 )  

sed -+ (0.66) (1.08) (0.74) (0.22) (0.46) (0.26) 
Y e a r s  

1 9 7 2 / 7 3  - 1 6 . 3  - 1.7 
( 2 0 . 4 )  ( 3 . 5 )  

1 9 7 3 / 7 4  1 8 . 2  - 6 . 1  
(22.1) (9.4) 

sed • (0.83) (0.50) 

a ,b ,r based  upon 6, 5 and 4 c u l t i v a r s  r e s p e c t i v e l y  

e a r l i e s t  s i t e  in 1973/74 (11 June)  and a l so  e a r l i e s t  

when the r e s u l t s  fo r  two y e a r s  w e r e  combined .  A s i g -  

nif icant  effect  of sowing on y ie ld  was de tec ted  with 

h igher  y ie lds  f rom the f i r s t  sowing.  The l a r g e s t  en-  

v i r o n m e n t a l  effect  on y ie ld  was that of y e a r  • s i t e  

with the s i t e s  ranked  d i f fe ren t ly  o v e r  the two s e a s o n s  

but the addi t ional  e f fec t s  on y ie ld  of w i n t e r - k i l l  and 

bolt ing a p p e a r e d  to be m a j o r  f a c to r s  at s o m e  s i t e s .  

The h ighes t  y ie ld ing  s i t e  in 1972/73 was Ef fo rd  EHS 

(45 t / h a )  but in 1973/74 the h ighes t  was A. Rickwood 

EHF (40 t/ha). 

Matur i ty  t i m e  was a f fec ted  by plant dens i ty  with 

s l ight ly  e a r l i e r  ma tu r i t y  f rom the h igher  densi ty  

p lo ts .  Dens i t i e s  did not s ign i f ican t ly  affect  any of the 

o ther  v a r i a t e s .  

G e n o t y p e - e n v i r o n m e n t  (GE) i n t e r ac t i ons  

Severa l  impor tan t  GE in t e r ac t i ons  w e r e  found for  

w i n t e r - k i l l ,  bolt ing and m a t u r i t y  account ing in total  

for  15 7", 18 7" and 16 7, of the ove ra l l  v a r i a t i o n  r e s -  
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T a b l e  5 .  E n v i r o n m e n t a l  m e a n s  f o r  m a t u r i t y  a n d  t o t a l  y i e l d  

M a t u r i t y  ( 1 0 0  7O t o p s  f a l l e n )  
( d a y s  a f t e r  30 A p r i l )  

T o t a l  y i e l d  
( t / h a )  

E n v i r o n m e n t  1 9 7 2 / 7 3  b 1 9 7 3 / 7 4  b 2 y e a r s  r 1 9 7 2 / 7 3  b 1 9 7 3 / 7 4  b 2 y e a r s  c 

S i t e  

W 5 2 . 4  - - 4 1 . 7  
S 5 6 . 7  5 1 . 8  5 3 . 6  3 3 . 1  3 1 . 6  3 2 . 6  
L - - - 3 1 . 9  
A R  5 6 . 3  4 5 . 4  4 8 . 7  2 8 . 4  3 9 . 7  3 3 . 4  
R 4 7 . 3  6 1 . 1  5 1 . 3  3 9 . 2  2 2 . 6  3 3 . 9  
E 5 0 . 3  4 1 . 9  4 4 , 4  4 5 . 4  3 4 . 4  4 0 . 2  
s e d  + 0 . 9  1 . 5  1 . 0  1 . 6  2 . 8  1 . 2  

S o w i n ~  

1 4 9 . 0  4 5 . 7  4 4 . 6  3 9 . 4  3 6 . 2  3 9 . 9  
2 5 6 . 2  5 4 . 4  5 4 . 4  3 3 . 6  2 7 . 9  3 0 . 1  
s e d  • 0 . 6  l . l  0 . 6  0 . 8  2 . 0  0 . 9  

D e n s i t y  

Low 5 4 . 5  5 2 . 2  5 1 . 2  3 3 . 9  2 5 . 6  3 0 . 6  
H i g h  5 0 . 6  4 7 . 9  4 7 . 8  3 9 . 4  3 8 . 7  3 9 . 4  
s e d  -+ 0 . 4  0 . 6  0 . 5  0 . 6  2 . 0  0 . 6  

Y e a r s  

1 9 7 2 / 7 3  - - 4 7 . 2  - - 3 6 . 7  
1 9 7 3 / 7 4  - - 5 1 . 7  - - 3 3 . 4  
s e d  • 0 . 7  0 . 9  

b ,~ b a s e d  u p o n  5 a n d  4 c u l t i v a r s  r e s p e c t i v e l y  

T a b l e  6 .  J o i n t  r e g r e s s i o n  a n a l y s e s  o f  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  o f  a u t u m n -  
s o w n  o n i o n s  c a l c u l a t e d  f r o m  2 y e a r s  c o m b i n e d  t r i a l s  

7O w i n t e r - k i l l  7O b o l t i n g  M a t u r i t y  T o t a l  
Y i e l d  

I t e m  d f  m s  d f  m s  m s  m s  

R e p l i c a t e s  2 5 0 . 6  2 8 . 9  5 0 . 9  2 1 . 4  ~ 
G e n o t y p e s  4 2 6 8 0 . 4  r 3 4 9 0 . 2  b 1 9 6 3 . 8  ~ 4 0 4 . 4  r 
E n v i r o n m e n t  31 1 8 1 1 . 5  r 31 9 7 8 . 1  ~ 1 0 1 9 . 3  ~ 2 7 5 . 4  c 
G E  124 9 . 5 0  b 93  4 7 . 9  r 8 5 . 9  c 1 2 . 3  r 

H e t e r o g e n e i t y  o f  r e g r e s s i o n  4 3 7 4 . 8  ~ 3 6 1 3 . 6  r 4 9 0 . 8  c 8 . 3  
R e m a i n d e r  120 8 5 . 6  90  2 9 . 1  r 7 2 . 4  r 1 2 . 4  c 

E r r o r  3 1 6 ( 2 )  6 7 . 3  2 5 3 ( 1 )  8 . 8  2 3 . 3  6 . 1  

L i n e a r  p r o p o r t i o n  a c c o u n t e d  
f o r  b y  r e g r e s s i o n  94 7O 97 7O 91 7o - 

a b o i n d i c a t e  p = 0 . 0 5 ,  0 . 0 1 ,  0 . 0 0 1  r e s p e c t i v e l y  

p e c t i v e l y  ( T a b l e  3 ) .  F o r  y i e l d  o n l y  9 7O o f  t h e  v a r i a -  

t i o n  w a s  a t t r i b u t a b l e  t o  G E  e f f e c t s ,  w h i c h  w a s  l e s s  

t h a n  t h e  e r r o r  v a r i a t i o n .  F o r  b o l t i n g  t h e  l a r g e s t  e f -  

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

r e g a r d i n g  t h e  t e s t  f o r  g e n o t y p i c  d i f f e r e n c e s  i n  t w o  

y e a r s  c o m b i n e d  d a t a  h a s  b e e n  m e n t i o n e d .  

J o i n t  r e g r e s s i o n  a n a l y s e s  ( T a b l e  6 )  w e r e  s u c c e s -  

f u l  i n  d e s c r i b i n g  t h e  G E  v a r i a t i o n  i n  l i n e a r  t e r m s .  

S i g n i f i c a n t  h e t e r o g e n e i t i e s  o f  r e g r e s s i o n  w e r e  f o u n d  

f o r  w i n t e r - k i l l ,  b o l t i n g  a n d  m a t u r i t y  a c c o u n t i n g  f o r  

94 7O, 97 7O a n d  91 7O o f  t h e  G E  v a r i a t i o n  r e s p e c t i v e l y .  

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

( n o n - l i n e a r  p o r t i o n s )  w e r e  a l s o  f o u n d .  

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  ( b ' s )  e s t i m a t e d  f o r  t h e  

c u l t i v a r s  g r o w n  o v e r  t w o  s e a s o n s  a r e  g i v e n  i n  T a b l e  7 .  

' E x p r e s s  Y e l l o w  O - X  ' s h o w e d  l e a s t  r e s p o n s e  t o  e n -  

v i r o n m e n t  f o r  b o t h  w i n t e r - k i l l  a n d  b o l t i n g  a n d  ' B o l a '  

w a s  t h e  m o s t  s e n s i t i v e  c u l t i v a r  f o r  w i n t e r - k i l l .  F o r  
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Table  7.  R e g r e s s i o n  c o e f f i c i e n t s  ( b ' s )  f r o m  2 y e a r s  
c o m b i n e d  joint  r e g r e s s i o n  a n a l y s e s  fo r  w i n t e r - k i l l ,  
bo l t i ng  and  m a t u r i t y  

R e g r e s s i o n  c o e f f i c i e n t s  

C u l t i v a r  W i n t e r - k i l l  Bol t ing  M a t u r i t y  

' P r e s t o '  ( P )  0 .09  0 .28  0 .25  
' E x p r e s s  Yel low 
O - X '  (EY)  - 0 . 3 0  - 0 . 4 0  0 .07  

' Senshyu  s .  g .  
Ye l low '  (SY) 0 .09  0 .06  - 0 . 3 5  

' I m a i  Ye l low '  ( IY) - 0 . 0 5  0 .06  0 .04  
' B o l a '  (B)  0 .16  - - 

bo l t ing  P r e s t o '  a p p e a r e d  to be  r e s p o n s i v e  to e n v i r o n -  

m e n t a l  c h a n g e  and  a l so  showed  c o n s i d e r a b l e  v a r i a t i o n  

in c o e f f i c i e n t s  b e t w e e n  y e a r s  ( - 0 . 2 2  in 1972/73  and  

+0.38  in  1 9 7 3 / 7 4 ) .  B e c a u s e  of the  c h a n g e  i n s e e d s t o c k  

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

e f fec t  c a n  only be t e n t a t i v e .  ' H i b e r n a '  ( f r o m  one  

y e a r ' s  da ta )  s h o w e d  l i t t l e  r e s p o n s e  fo r  w i n t e r - k i l l  

but was  the  m o s t  s e n s i t i v e  c u l t i v a r  fo r  bo l t ing  (b  -- 

1. 105) .  Add i t iona l  r e s e a r c h ,  h o w e v e r ,  (D o w k er  and  

F e n n e l l  1975) h a s  shown tha t  t h e r e  may  be l a r g e  s e a -  

sona l  f l uc t ua t i o n  in w i n t e r  l o s s e s  fo r  t h i s  c u l t i v a r  r e -  

l a t e d  to c o n d i t i o n s  of soi l  w a t e r l o g g i n g  r a t h e r  t han  t e rn -  

p e r a t u r e .  F o r  m a t u r i t y  ' S e n s h y u  s . g .  Ye l l o w '  was  

l e a s t  s e n s i t i v e  to e n v i r o n m e n t  and  ' P r e s t o '  the  m o s t  

s e n s i t i v e .  F o r  w i n t e r - k i l l  and  bo l t ing  the  c u l t i v a r  

m e a n s  a nd  r e g r e s s i o n  c o e f f i c i e n t s  a p p e a r e d  to be p o s -  

i t i ve ly  c o r r e l a t e d .  

D i s c u s s i o n  

Some da ta  f r o m  t h e s e  t r i a l s  h a v e  a l r e a d y  b e e n  u s e d  

fo r  a g r o n o m i c  a d v i c e  to p r o s p e c t i v e  g r o w e r s  of t h i s  

c r o p  in  t he  UK ( S a l t e r  i 9 7 5 ) .  The c o m b i n e d  a n a l y s e s  

p r e s e n t e d  h e r e  h a s  e n a b l e d  the  p a r t i t i o n i n g  of v a r i a -  

t ion  in to  i t s  r e s p e c t i v e  geno typ ic ,  e n v i r o n m e n t a l  and  

GE c o m p o n e n t s  and  the  r e s u l t s  a r e  usefu l  fo r  the  e f -  

f e c t i ve  p l ann ing  of a b r e e d i n g  p r o g r a m m e .  

At al l  s i t e s  the  e f fec t  of sowing  was  shown  to be 

c r i t i c a l ,  l e av i n g  l i t t l e  f l ex ib i l i t y  fo r  c h o i c e .  I m p r o v e -  

m e n t s  m a d e  in  t he  r e s i s t a n c e  to bo l t ing  shou ld  e n a b l e  

g r e a t e r  c h o i c e  of sowing da te  and  t he  o p p o r t u n i t y  of 

e a r l i e r  sowing  would i m p r o v e  y i e l d s  at  h a r v e s t  by ex -  

t e n s i o n  of t he  g rowing  s e a s o n  and  r e d u c e  p lant  l o s s  

t h r o u g h  w i n t e r - k i l l  and  u n m a r k e t a b l e  l o s s  t h r o u g h  

bolting. Because of the uncertainty of magnitude of 

winter losses, plant stands in spring cannot be achiev- 

ed with confidence but resistance to winter-kill would 

allow for precision drilling to a pre-determined plant 

density. Although it may be possible to improve yields 

without reducing the levels of winter-kill and bolting, 

the present unreliability of plant survival and the need 

for elimination of unmarketable plants at harvest would 

favour the resistance approach. At present the crop 

is primarily of value in providing mature bulbs dur- 

ing the early summer and is not suitable for storage, 

therefore it is also desirable to produce cultivars 

with d i s t i n c t  and  r e l i a b l e  m a t u r i t y  t i m e s  fo r  s e q u e n -  

t i a l  supp ly .  

Knowledge  of the  e f f ec t s  i nduced  by e n v i r o n m e n t a l  

c o n d i t i o n s  g ives  i n f o r m a t i o n  to the  b r e e d e r  on s u i t -  

ab le  s c r e e n i n g  e n v i r o n m e n t s  fo r  i m p o r t a n t  t r a i t s .  

The ef fec t  of y e a r s  was  shown to be  c o n s i d e r a b l e  a l -  

though c h a n g e  of s e e d  s tock  m a y  h a v e  i n t r o d u c e d  a 

GE ef fec t  h e r e .  In the  e a r l y  s t a g e s  of a b r e e d i n g  p r o -  

g r a m m e  the  b r e e d e r  may  p r e f e r  to avo id  e v a l u a t i o n  

of breeding lines over more than one season to re- 

duce the time scale involved. During this time alter- 

native environments within a season would be desir- 

able hut the effect of season must ultimately be known 

before the cultivar release stage. Site and sowing dif- 

ferences were shown and for winter-kill and bolting 

suitable screening could be achieved using combina- 

tions of these environments. The highest levels of 

winter-kill were found in the south and east of England 

and the lowest levels in the south-west, where air 

temperatures were generally higher. The south-west, 

however, produced higher levels of bolting possibly 

related to plant size (Salter 1975). Late sowing or 

choice of site (e. g. where winter plant losses are 

known to be high) would be suitable for winter-kill 

assessment. Similarly, for bolting there were differ- 

ences between sites and greater levels were induced 

be early sowing. Although the ranking of sites accor- 

ding to bolting and winter-kill is not a mirror image, 

the extreme sites were in reverse for these charac- 

ters. Therefore in an environment providing effective 

selection for one character there may be insufficient 

selection pressure for the other. For practical pur- 

poses a suitable screening environment can be achiev- 

ed using a single site and controlling the expression 

of winter-kill and bolting by the use of early and late 
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s o w i n g  d a t e s .  It i s  p r o b a b l e  t h a t  a n  e a r l y  a n d  l a t e  

A u g u s t  d r i l l i n g  w o u l d  b e  a d e q u a t e .  S e l e c t i o n  f o r  m a -  

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

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

t o r i l y  e x p r e s s e d  a t  a l l  s i t e s .  

If a b r e e d e r  i s  to  u s e  t h e  c u l t i v a r s  s t u d i e d  a s  p o t e n -  

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

t h e i r  r e s p o n s e  to  e n v i r o n m e n t  wi l l  b e  of  v a l u e .  W h e n  

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

m e n t ,  p a r e n t a l  m a t e r i a l  w o u l d  b e  s e l e c t e d  on  i t s  m e a n  

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

p o n s e  o v e r  a r a n g e  of  e n v i r o n m e n t s .  F o r  t h i s  c r o p ,  

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

t h e  s i t e s  in  t h i s  s t u d y  a l l  b e i n g  w i t h i n  t h e  p o t e n t i a l  

g r o w i n g  a r e a s .  Thus  to a c c o m m o d a t e  a l l  t h e s e  e n -  

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

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

m e n t  a n d  m e a n  p e r f o r m a n c e .  

The l o w e s t  l e v e l s  of w i n t e r - k i l l  a n d  b o l t i n g  w e r e  

s h o w n  by ' E x p r e s s  Y e l l o w  O - X  ' a n d  t he  r e g r e s s i o n  

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

v a r i a t i o n  in  t h e s e  c h a r a c t e r s  o v e r  e n v i r o n m e n t s .  Th i s  

c u l t i v a r  c o n s i s t e n t l y  g a v e  e a r l y  y i e l d s  bu t  a s  i t  i s  a 

h y b r i d  ( m a l e - s t e r i l e ) ,  i t s  u s e  a s  a p a r e n t  i s  l i m i t e d .  

Of t h e  o p e n - p o l l i n a t e d  c u l t i v a r s ,  ' E x t r a  E a r l y  K a i -  

z u k a '  a l s o  s h o w e d  e a r l y  m a t u r i t y  bu t  h a d  l o w e r  y i e l d  

p o t e n t i a l .  The j o i n t  r e g r e s s i o n  a n a l y s e s  s h o w e d  t h a t  

i t  w a s  c o n s i s t e n t  o v e r  e n v i r o n m e n t s  f o r  low b o l t i n g  

but  i t  w a s  r e s p o n s i v e  to  e n v i r o n m e n t s  f o r  w i n t e r - k i l l .  

Thus  i t s  c o n t r i b u t i o n  to  a b r e e d i n g  p r o g r a m m e  w o u l d  

b e  f o r  i t s  e a r l i n e s s  a n d  b o l t i n g  r e s i s t a n c e .  ' I m a i  

Y e l l o w  ' w a s  i n t e r m e d i a t e  f o r  b o l t i n g  a n d  w i n t e r - k i l l  

a n d  r e l a t i v e l y  s t a b l e  o v e r  e n v i r o n m e n t s .  F o r  m a t u r -  

i ty  t i m e  i t  w a s  a p p r o x i m a t e l y  o n e  w e e k  l a t e r  t h a n  

' E x t r a  E a r l y  K a i z u k a '  but  s h o w e d  s u p e r i o r  y i e l d  p o -  

t e n t i a l .  

The  h i g h e s t  y i e l d i n g  c u l t i v a r ,  ' S e n s h y u  s . g .  Y e l -  

l o w ' ,  w a s  l a t e r  m a t u r i n g  but  e x t r e m e l y  c o n s i s t e n t  

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

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

of v a l u a b l e  g e r m p l a s m .  F o r  ' P r e s t o '  t h e  two s e e d  

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

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

m a t u r i t y  t i m e .  L i k e w i s e  i t  h a s  b e e n  s h o w n  t h a t  ' H i -  

b e r n a '  i s  v a r i a b l e  w i th  r e s p e c t  to  w i n t e r  p l a n t  l o s s .  

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

t r e m e l y  low t e m p e r a t u r e s  ( T r o n i c k o v a  1971)  but  not  

s o i l  w a t e r l o g g i n g .  

The  b r e e d e r ,  t h e r e f o r e ,  h a s  m a t e r i a l  a v a i l a b l e  

f o r  f u r t h e r  d e v e l o p m e n t  bu t  t h e  e x p e c t e d  r e s p o n s e  to  

s e l e c t i o n  w i t h i n  t h e s e  p o p u l a t i o n s  a n d  t h e  v a l u e  of  

c r o s s e s  b e t w e e n  t h e m  h a v e  ye t  to  b e  d e t e r m i n e d .  

A c k n o w l e d g e m e n t  

The  a u t h o r s  a r e  g r a t e f u l  to  t h e  D i r e c t o r s  a n d  s t a f f  of  
t h e  E f f o r d ,  L u d d i n g t o n ,  R o s e w a r n e  a n d  S t o c k b r i d g e  
E x p e r i m e n t a l  H o r t i c u l t u r e  S t a t i o n s  a n d  of t h e  A r t h u r  
R i c k w o o d  E x p e r i m e n t a l  H u s b a n d r y  F a r m  f o r  c a r r y i n g  
out  t h e  e x p e r i m e n t a l  w o r k .  V a l u a b l e  c r i t i c i s m  of  t h i s  
p a p e r  by  D r  N . L .  I n n e s  a n d  M r  B . D .  D o w k e r  i s  a l s o  
t h a n k f u l l y  a c k n o w l e d g e d .  
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