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Biometrical Analyses of Some Economically Important Characters 
in Antirrhinum majus 
H.D. Rabinowitch*, A.E. Arthur and C.L. Hedley 

Department of Applied Genetics, John Innes Institute, Norwich (England) 

Summary. The experiment described in this paper was designed to measure some of the genotype-environment 
interactions in Antirrhinum majus and the emphasis has been upon characters which are of economic impor- 
tance. - Seven F• hybrids were grown in 27 different environmental conditions, consisting of 3 levels of nit- 
rogen and 9 sowing dates. Analysis of variance followed by regression analysis and the partitioning of the var- 
iation into its genetic, environmental and interacting components were employed. - The practical applications 
of these methods by the grower and plant breeder, are discussed. 

In t roduct ion  

The ma in tenance  of s t r i c t  s chedu le s  in the p r o d u c -  

t ion of g l a s s hous e  o rnamen ta l  f lower ing  p lants  de -  

mands  a high d e g r e e  of p r ed i c t i on  of qual i ty  and 

f lower ing  t i m e .  This p r e c i s e  cont ro l  r e q u i r e s  a 

knowledge of the r e s p o n s e s  of v a r i e t i e s  to the env i -  

ronmen ta l  v a r i a b l e s  encoun te red  by the c r o p .  A g rea t  

deal  of i n fo rma t ion  ex i s t s  fo r  Chrysanthemum and o the r  

e s t ab l i shed  o r n a m e n t a l s  but t he r e  is only l im i t e d  

knowledge of the r e s p o n s e s  of Antirrhinw~ grown un-  

d e r  Eng l i sh  condi t ions .  Studies  of s e v e r a l  v a r i e t i e s  

of Antirrhinum grown in con t ro l l ed  e n v i r o n m e n t s  have 

d e m o n s t r a t e d  d i f f e r e n c e s  in t he i r  r e s p o n s e s  to light 

in tens i ty  (Hedley 1974a and b, and Hedley and Harvey  

1975), daylength (Hedley 1974a and b) and t e m p e r a -  

t u r e  (Edwards  1974) and a p r e l i m i n a r y  study has in -  

d ica ted  va r i a t i on  in the r e s p o n s e  to n i t rogen  leve l  

( A r t hu r  and Hedley ,  in p r e s s ) .  

When the e f fec t s  of  t e m p e r a t u r e  and n i t rogen  w e r e  

e x a m i n e d  under  con t ro l l ed  and constant  condi t ions ,  

genotypes  w e r e  shown to v a r y  in t he i r  r e s p o n s e  to 

e n v i r o n m e n t ,  for  many of the c h a r a c t e r s  s tudied  

( A r t h u r  and Hedley ,  unpubl ished d a t a ) .  When these  

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 ons  a r e  p r e sen t  the 

r e l a t i v e  p e r f o r m a n c e  of a v a r i e t y  as c o m p a r e d  to 

the o the r  v a r i e t i e s  wi l l ,  by def ini t ion,  depend on 

the env i r onmen t ,  and the v a r i e t a l  p e r f o r m a n c e  in 

d i f fe ren t  condi t ions  cannot be p r e d i c t e d .  These  i n t e r -  

ac t ions  can be ana lysed  using s t a t i s t i c a l  t echn iques  

* On postdoctoral leave from the Hebrew University 
of Jerusalem. 

where the mean of the responses of a number of gen- 

otypes in a range of environments is used to assess 

the overall effect of each of the environments used. 

The end result is likely to be a linear response of the 

genotypes' performance to the ranked changes in the 

environmental values (Finlay and Wilkinson 1963). 

Experiments designed to measure the degree of 

genotype-environment interaction using characters 

likely to be of horticultural and economic value in An- 

tirrhinums are reported. 

Materials and Methods 

Nine consecutive sowings of four early (Montezuma, 
Navajo, Pink Ice and Snowman) ~ and three late 
(Bronze Rocket, Orchid Rocket and White Rocket) i 
flowering F 1 hybrid varieties of Antirrhinum were 
made at two weekly intervals, commencing on 
20.8.74. From each sowing, ten plants of each va- 
riety were pricked into 9 cm diameter pots contain- 
ing John Innes compost. Three initial levels of nitro- 
gen were employed: the standard level in the Jll com- 
post, and half and double this concentration. Hence 
the effect of 27 environmental conditions on seven 
genotypes was examined. The plants were randomised 
on a single plant basis and grown in a greenhouse in 
which a minimum day and night temperature of 5~ 
was maintained throughout. 

A number of economically important plant char- 
acters were recorded at the anthesis of the first flow- 
er: Budding time - the time from sowing to the ap- 
pearance of the first macroscopic flower buds, meas- 
ured in days ; time from budding to flowering, where 
flowering is the period from sowing to the opening 
of the first flower, measured in days ; Leaf number - 
the total number of leaves at flowering; Number of 
flowers per spike, including flower buds; Density of 
the flower spike - number of flowers per spike/length 
of the spike; Total height - length from cotyledonary 
node to the tip of the flower spike, measured in 
rams ; Length of the flower spike/total height ; Branch- 
ing index - number of branches longer than I cm/leaf 
number. 
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Table I. Degrees of freedom and mean squares derived from the analyses of variance 

d . f .  
T i m e  f r o m  

B u d d i n g  t i m e  b u d d i n g  to L e a f  n u m b e r  
f l o w e r i n g  

Varieties (VAR) 6 8023.93*** 960.03*** 1348.39*** 
E n v i r o n m e n t s  ( E N )  26 1 5 7 8 . 2 3 * * *  5 2 1 . 4 0 * * *  6 9 2 . 4 1 " * *  
VAR x EN 156 2 3 4 . 6 9 * * *  3 6 . 8 7 * * *  4 2 . 1 4 " * *  

Heterogeneity 6 642.37 *** 714.16"** 322.22 *** 
of regression 
Residual 150 218.39*** 9.78*** 30.94*** 

Error (based on 1398 12.77 3.69 5.12 
harmonic mean) 
7~ Linear proportion 75.38 99.15 92.47 

(* 5-1~P, ** I-0.5~P, ***<0.5~P). 

Table 1. (continued) 

Density Length of flower 
No. of flowers of flower Total height spike x 10"4/ Branching 
per spike spike total height index • 10 -3 

1 3 9 . 8 1 " * *  3 9 5 . 6 7 * * *  3 5 4 4 5 9 . 4 4 * * *  9 9 . 3 3 * * *  5 1 6 . 5 5 " * *  
1 0 1 . 7 5 * * *  4 2 . 3 2 * * *  1 1 2 6 4 7 . 2 2 * * *  1 4 . 4 2 * * *  1 0 . 9 8 * * *  

6.85*** 3.14"** 5599.26*** 0.84*** 3.71"** 

17.00"** 16.00"** 22943.09*** 5.83*** 17.63*** 

6 . 4 5 * * *  2 . 6 3 *  4 9 0 5 . 5 9 * * *  0 . 6 4 * * *  3 . 1 5 " * *  

3 . 2 7  2 . 1 1  2 6 0 6 . 7 4  0 . 4 9  1 . 7 0  

8 1 . 1 9  9 6 . 3 9  8 9 . 8 4  9 7 . 2 7  9 1 . 6 6  

(* 5-1%P, ** 1-0.5~P, ***<0.5ZP). 

Analysis of variance 

The random model situation was used for the statisti- 
cal analyses as the factors involved in this experiment 
have been considered as random effects. The error 
terms were derived as the total of the sum of squares 
of the individual plants of each cultivar at each sow- 
ing and each nitrogen level. The error mean square 
was corrected for missing plants by dividing it by the 
harmonic mean. 

Regression analysis 

The application of the linear regression technique to 
the analysis of genotype-environment interactions in 
plants other than grasses has been dealt with in detail 
elsewhere (Snoad and Arthur 1974, 1976; Arthur and 
Hedley in press.)For the purposes of this paper, we 
have interpreted the slopes of the regression lines as 
measurements of stability of degree of response. The 
seven regression lines allow comparison of each va- 
riety with the average of the seven. Thus, regressions 
of unit slope have an average degree of response, those 
greater than one, above average, and v~ce versa. 

Montezuma - from D.R. Colegrave Seeds Ltd., Eng- 
land. Navajo, Pink Ice, Snowman, Bronze Rocket, 
Orchid Rocket and White Rocket from Suttons Seeds 
Ltd., England. 

Results and Discussion 

Mean squares values derived in the analyses of vari- 

ance of eight economically important characters are 

given in Table I. A statistically significant interac- 

tion between genotypes and environments was found 

in all instances and the main effects of genotypes and 

environments show high significance when tested 

against the significant interaction mean square. As 

a result, no immediate generalisation can be made 

on the relative performance of each cultivar over the 

range of the tested environments. 

The large number of treatments, varieties and re- 

plications, and the extremely high degrees of free- 

dom for the error term (Table 1) enable us to detect 

even minute differences as being statistically signifi- 

cant. It was important therefore to examine the val- 

ues of the variance components, according to the 

random model used in these analyses, so as to deter- 

mine the relative importance of the factors involved 

(Table 2). The computation showed that in five of the 

measured characters (number of flowers per spike, 
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T a b l e  2.  V a l u e s  a n d  p e r c e n t a g e s  f o r  t h e  c o m p o n e n t s  of  v a r i a t i o n  d e r i v e d  f r o m  the  a n a l y s e s  of  v a r i a n c e  u s i n g  
t h e  r a n d o m  m o d e l  

Character V a l u e  

2E v2VARXEN aSEN a2VAR v2E a2VARxEN ~SEN ~sVAR 

B u d d i n g  t i m e  1 2 . 7 7  2 9 . 8 6  2 5 . 8 3  3 8 . 8 2  1 1 . 9 0  2 7 . 8 3  2 4 . 0 8  3 6 . 1 9  
T i m e  f r o m  b u d d i n g  
to f l o w e r i n g  3 . 6 9  4 . 4 6  9 . 3 1  4 . 6 0  1 6 . 7 3  20.22 4 2 . 2 0  2 0 . 8 5  

Leaf number 5 . 1 2  4 . 9 8  1 2 . 5 0  6 . 5 1  1 7 . 5 8  1 7 . 1 1  4 2 . 9 4  2 2 . 3 6  
No. f l o w e r s  
p e r  s p i k e  3 . 2 7  0 . 4 8  1 . 8 2  0 . 6 6  5 2 . 4 0  7 . 7 3  2 9 . 2 5  1 0 . 6 2  
D e n s i t y  o f  
f l o w e r  s p i k e  2 - 1 1 •  - 4  0 . 1 4 x 1 0  -4  0 . 7 2 X 1 0  - 5  1 . 9 6 •  -4  4 9 . 2 8  3 . 2 7  1 . 6 8  4 5 . 7 7  

Tota l  h e i g h t  2 6 0 6 . 7 4  4 0 2 . 6 9  2 0 5 7 . 8 3  1 7 3 8 . 6 7  3 8 . 3 0  5 . 9 2  3 0 . 2 4  2 5 . 5 5  
L e n g t h  of  f l o w e r  
s p i k e / t o t a l  h e i g h t  4 . 8 5 X 1 0  - 5  0 . 4 8 •  - 5  2 . 6 1 x 1 0  - 5  4 . 9 1 X 1 0  - 5  3 7 . 7 6  3 . 7 1  20.32 3 8 . 2 1  

B r a n c h i n g  i n d e x  1 6 . 9 9 •  . 4  2 . 7 0 •  - 4  1 . 4 0 x 1 0  -4  2 5 . 5 6 x 1 0  - 4  3 6 . 4 2  5 . 7 9  3 . 0 0  5 4 . 7 9  

T a b l e  3.  M e a n  v a l u e s  f o r  t h e  s e v e n  v a r i e t i e s  c a l c u l a t e d  o v e r  t h e  27 e n v i r o n m e n t s  

B u d d i n g  T i m e  f r o m  L e a f  No .  of  D e n s i t y  of  Tota l  
V a r i e t y *  t i m e  b u d d i n g  to n u m b e r  f l o w e r s  f l o w e r  s p i k e  h e i g h t  

f l o w e r i n g  p e r  s p i k e  

L e n g t h  of  B r a n c h i n g  
f l o w e r  s p i k e /  i n d e x  
total h e i g h t  

P i n k  Ice  1 3 9 . 6 " *  d 4 1 . 4  a 
M o n t e z u m a  1 4 6 . 8  c d  3 8 . 9  a b  
S n o w m a n  1 5 4 . 8  c 3 6 . 5  a b  
N a v a j o  1 6 6 . 3  b 3 2 . 1  b c  
O r c h i d  

1 7 4 . 0  a b  2 9 . 0  c d  R o c k e t  
B ronze 
R o c k e t  1 8 3 . 0  a 2 4 . 9  d 

W h i t e  
R o c k e t  1 8 2 . 4  a 2 9 . 1  c d  

S.E. 3.574 1 . 9 2 1  

4 7 . 2  d 2 4 . 3  a b  0 . 1 8  b c  1 1 0 5 . 1  b c  0 . 1 2  bc  0 . 9 8  a 
5 7 . 0  b c  2 5 . 6  a 0 . 1 7  b c d  1 1 4 7 . 2  a b c  0 . 1 3  a b  0 . 9 2  a 
5 3 . 7  c d  2 5 . 5  a 0 . 2 5  a 1 0 0 5 . 5  c d  0 . 1 1  c d  0 . 9 2  a 
5 9 . 5  b c  2 2 . 8  a b  0 . 2 0  b 1 2 7 4 . 9  a 0 . 0 9  d 0 . 9 6  a 

60.6 b 22.6 ab 0.13 d 1187.5 ab 0.14 ab 0.92 a 

53.6 cd 19.2 b 0.14 cd 950.9 d 0.15 a 0.98 a 

69.8 a 25.1 a 0.20 b 1017.0 cd 0.13 ab 0.57 b 

2.262 1.808 1.45•  10 -2 51.06 6 .95•  10 -3 4.12 • 10 -2 

* The order of the varieties is in accordance with their flowering time, namely the earliest to flower first 
and the latest last. 

** Values in the same column not followed by the same letter are significantly different at the 5 % probability 
level. 

d e n s i t y  of  f l o w e r  s p i k e ,  t o t a l  h e i g h t ,  l e n g t h  of  f l o w e r  

s p i k e / t o t a l  h e i g h t  a n d  b r a n c h i n g  i n d e x ) ,  a l l  of  w h i c h  

a r e  c o n c e r n e d  w i t h  t he  q u a l i t y  of  t h e  p r o d u c t ,  t h e  i n -  

t e r a c t i o n  v a r i a n c e s  w e r e  l e s s  t h a n  10 % of  t h e  a c c u -  

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

v a l u e  w a s  h i g h e r  t h a n  35 %. T h i s  i n d i c a t e s  t h a t  t h e  

v a r i a b i l i t y  w i t h i n  e a c h  v a r i e t y  i s  h i g h e r  t h a n  m i g h t  

b e  e x p e c t e d  f r o m  F 1 h y b r i d  c u l t i v a r s .  T h r e e  of  t h e s e  

c h a r a c t e r s ,  - d e n s i t y  of  f l o w e r  s p i k e ,  l e n g t h  of  f l o w e r  

s p i k e / t o t a l  h e i g h t  a n d  b r a n c h i n g  i n d e x  h a v e  g e n o t y p i c  

v a r i a n c e  v a l u e s  of  a b o u t  f o r t y  p e r c e n t  o r  m o r e .  S i n c e  

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

s i b l e  to  s e l e c t  f o r  b e t t e r  q u a l i t y  f o r  t h e s e  c h a r a c t e r s .  

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

f o r  two of  t h e  c h a r a c t e r s  e x a m i n e d  - t i m e  f r o m  b u d -  

ding to flowering, and leaf number. These characters, 

together with budding time, also had the highest values 

for genotype-environment interaction. The growth pe- 

riod of each genotype examined therefore was mainly 

dependent on environmental conditions. 

Computations were made to determine the hetero- 

geneity of the regression values and the magnitude 

of the residual sum of squares, the latter indicating 

the deviation of the actual measurements from the 

linear regression line of each variety over the 27 cal- 

culated environmental means. The results of these 

analyses are also given in Table 1. 

The proportion of the interaction sums of squares 

which can be accounted for by linear regression was 

also calculated for each character, using the method 
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of F r i p p  and Caten (1971) .  The high va lues  obta ined 

c l e a r l y  indica te  that most  of the g e n o t y p e - e n v i r o n -  

ment  v a r i a n c e  could be expla ined  by d i f f e r e n c e s  b e -  

tween the s lopes  of the r e g r e s s i o n  l i n e s .  The r e l a t i v e -  

ly sma l l  r e s idua l  mean s q u a r e s ,  however ,  a r e  s t i l l  

s ign i f i can t ly  g r e a t e r  than the e r r o r  i t em so that t he r e  

a r e  dev ia t ions  f r o m  l i n e a r i t y  which cannot be expla ined  

in t e r m s  of e x p e r i m e n t a l  e r r o r .  

The means  of the p e r f o r m a n c e  of each genotype 

o v e r  the r ange  of  env i ronmen ta l  r e g i m e s  a r e  g iven in 

Table 3, and the r e g r e s s i o n  g raphs  with the s lope of 

each  r e g r e s s i o n  l ine  in F i g s .  1 to 8. 

Budding t i m e  

This c h a r a c t e r  can be used  as a m e a s u r e  of e a r l i n e s s .  

It can be seen  f r o m  F i g .  1 that Pink Ice and Montezuma 

a r e  the mos t  s t ab le  v a r i e t i e s  as  r e f l e c t e d  by t he i r  low 
A 

r e g r e s s i o n  coef f ic ien t  va lues  (b) ,  and that o v e r  all  

the t e s t ed  env i ronmen ta l  condi t ions  these  c u l t i v a r s  

took the lowest  n u m b e r  of days to p roduce  the f i r s t  

r e c o g n i s a b l e  m a c r o s c o p i c  f lower  bud. Usual ly  the 

o r d e r  of e a r l i n e s s  (Table 3) c o r r e s p o n d s  with the o r -  

de r  of s tab i l i ty  as m e a s u r e d  by the ~ va lues  (F ig .  1) ; 

t h e r e f o r e  the l o n g e r  the growth per iod  be fo re  the f low-  

e r  bud deve lops  the m o r e  s e n s i t i v e  the v a r i e t i e s  a r e  

to w o r s e  o r  b e t t e r  condi t ions .  

Time f rom budding to f lower ing  

The per iod  of deve lopment  f rom the bud s tage  to the 

an thes i s  of the f i r s t  f lower  a lso  p lays  an impor tan t  

r o l e  in ~he de t e rmina t i on  of e a r l i n e s s  o r  l a t e n e s s  of 

a c u l t i v a r .  

The e x t r e m e  d i f f e r e n c e s  in the d e g r e e  of  v a r i e t a l  

r e s p o n s e  for  th is  c h a r a c t e r  w e r e  r e f l e c t e d  by the 

s lopes  of the r e g r e s s i o n  l ines  ( F i g .  2) .  The v a r i e t y  

which had the most  un i fo rm r e s p o n s e  to env i ronmen t  

was Bronze Rocket  (~ = 0 .16  + 0 . 0 5 ) ,  while Monte-  

zuma ,  was the most  s e n s i t i v e  v a r i e t y  to e n v i r o n m e n t  

and had a much s t e e p e r  r e g r e s s i o n  l ine  (b = 1.82 + 

0.07). 
The mean  t i m e  r e q u i r e d  f r o m  budding to f lower ing  

a lso  showed e x t r e m e  v a r i a t i o n  between c u l t i v a r s ,  

f rom twenty f ive  to for ty  one days in B r o n z e  Rocket  

and Pink Ice ,  r e s p e c t i v e l y  (Table 3 ) .  The highly s i g -  

nif icant  nega t ive  c o r r e l a t i o n  ( r  = -0 .  980, P < 0 .1  ~) 

be tween budding t i m e  and t ime  f r o m  budding to f low-  

e r i ng  sugges t s  that the two p r o c e s s e s  a r e  c o r r e l a t e d .  

If such a c o r r e l a t i o n  could be broken ,  the poss ib i l i t y  

would ex i s t  for  the deve lopment  of an e a r l y  v a r i e t y  

which combines  the fas t  vege ta t ive  growth and low 

sens i t i v i t y  to env i ronmen t  changes  dur ing th is  phase  

of the e a r l y  v a r i e t i e s ,  with the rap id  spike deve lop -  

ment  of the l a t t e r  s u m m e r  f lower ing  types  ( see  R a -  

binowitch e t  aZ. in p r e s s ) .  

Leaf n u m b e r  

This c h a r a c t e r  can be used  as ano ther  de t e rminan t  of  

e a r l i n e s s  (Hedley 1974; Ar thu r  and Hedley in p r e s s ) .  

The e a r l y  v a r i e t i e s ,  P ink  Ice and Montezuma were  

the mos t  s t ab le  c u l t i v a r s  ( F i g .  3) ,  with r e l a t i v e l y  

sma l l  changes  in leaf  number  occur ing  with changes  

in e n v i r o n m e n t .  The la te  cu l t i va r ,  White Rocket  was 

the most  s e n s i t i v e  to changes  in env i ronmen ta l  con-  

d i t ions .  On a v e r a g e ,  Pink Ice had the s m a l l e s t  and 

White Rocket  the l a r g e s t  l ea f  n u m b e r  o v e r  the 27 d i f -  

f e ren t  env i ronmen ta l  condi t ions  (Table 3 ) .  

A v a r i e t y  such as Pink Ice ,  with the lowes t  leaf  

n u m b e r  and the lowest  number  of days to budding 

would be most  d e s i r a b l e  in a b reed ing  p r o g r a m m e  

where  e a r l i n e s s  and the s tab i l i ty  of such a c h a r a c t e r  

is  r e q u i r e d .  

N u m b e r  of f l ower s  pe r  spike and spike  dens i ty  

F o r  a cut f lower  such as Ant~rrhinum the n u m b e r  of  

f l ower s  on a spike is  of p r i m e  economic  i m p o r t a n c e .  

It s e e m s  f rom our  e x p e r i m e n t a l  r e s u l t s  (Table 3 ) t h a t  

o v e r  the range  of env i ronmen ta l  condi t ions ,  al l  the 

c o m m e r c i a l  v a r i e t i e s  had on a v e r a g e  suff ic ient  n u m -  

b e r s  of  buds and f lower s  on t h e i r  sp ikes  to be c o m -  

m e r c i a l l y  accep t ab l e .  Signif icant  d i f f e r ences  between 

c u l t i v a r s  do ex is t  however ,  and o v e r  al l  e n v i r o n m e n -  

tal  condi t ions  Bronze  Rocket  had f ewer  f l ower s  p e r  

spike  as c o m p a r e d  to Montezuma,  Snowman and 

White Rocket  (Table 3) .  There  a r e  a l so  g r e a t  d i f f e r -  

ences  in the d e g r e e  of r e s p o n s e  of product ion  of  f low-  

e r s  in r e g a r d  to changes  in env i ronmen t  ( F i g . 4 ) .  

Hence, Navajo was fa r  m o r e  s tab le  (6 = 0 .66 + 0 .09 )  

than Pink  Ice (g = 1.28 -+ 0 .13 )  o v e r  the range  of en -  

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

The number  of  f l ower s  p e r  spike  is  not the only 

c r i t e r i o n  de t e rmin ing  the qual i ty  of the cut f lower ,  

- the n u m b e r  of f lowers  pe r  unit length of  the spike  
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is  a lso  of pa ramount  i m p o r t a n c e .  A g rea t  va r i a t i on  

in f lower  dens i ty  was found between v a r i e t i e s  (Table 

3),  ranging f r o m  Snowman,  with f lowers  at 4 mm in-  

t e r v a l s  o v e r  all  e n v i r o n m e n t s ,  to Orchid  Rocket  and 

Bronze  Rocket  which had f lower s  at twice  that d i s tance  

apa r t .  Large  d i f f e r ences  in s ens i t i v i t y  to env i ronmen t  

were  a lso  found for  this  c h a r a c t e r  ( F i g . 5 ) .  The most  

unstable  cu l t i va r  was Snowman which responded  m a r k -  

edly to improv ing  env i ronmen t  as m e a s u r e d  by env i -  

ronmenta l  m e a n s .  

All the c u l t i v a r s  t e s t ed  t h e r e f o r e  will  p roduce  on 

a v e r a g e  enough f lowers  p e r  sp ike ,  but the d i f f e r ences  

in the densi ty  of the f lowers  among the v a r i e t i e s  and 

the big v a r i a t i o n  in the d e g r e e  of r e s p o n s e  of these  two 

c h a r a c t e r s ,  makes  a m o r e  s table  v a r i e t y  l ike  Navajo 

a su i tab le  s o u r c e  of gene t ic  va r i ab i l i t y  fo r  spike  qual i ty .  

Total height and length of sp ike / t o t a l  height  

Another  impor tan t  c h a r a c t e r  a s s o c i a t e d  with the qua l i -  

ty and sa l eab i l i t y  of a cut f lower  is  the total  height  of 

the product ,  a t a l l e r  plant being p r e f e r r e d  to a s h o r t e r  

one. 

On average most of the cultivars tested achieved 

acceptable values for total height (Table 3). With the 

exception of White Rocket all of the varieties showed 

average or above average responses to changes in the 

environment and therefore would tend to give low qual- 

ity flowers under poor conditions (Fig.6). 

A highly important character related to total height 

is the relationship between the length of the spike and 

the length of the stem; tall plants with a high ratio of 

spike to stem are desirable. Under very poor condi- 

tions, when the plant is likely to be short, a good 

combination of these two features becomes more dif- 

ficult to achieve. The tested cultivars have shown 

considerable variation in this respect, ranging from 

Navajo with spikes that were less than I0 N of the total 

height, up to 15 ~ for Bronze Rocket (Table 3). 

There were also large differences in sensitivity to 

changes in the environmental conditions (Fig.7). Na- 

vajo was apparen t ly  the most  s tab le  (~) = 0 .44  + 0 .07)  

but it a lso  had the wors t  p e r f o r m a n c e ,  while B r o n z e  

Rocket  was highly s e n s i t i v e  to env i ronmen ta l  condi -  

t ions (~ = 1.46 + 0 . 1 0 ) .  

A combinat ion  of  ta l l  p lants  with r e l a t i v e l y  high v a l -  

ues  for  the ra t io  of length of  sp ike / to t a l  height  of about 

13 ~ and r e l a t i v e l y  low sens i t i v i t y  to changes  in e n v i -  

ronment  can be found in White Rocket  (b = 0 .78  z 0 . 1 3 ) .  

Branch ing  index 

This c h a r a c t e r  is  of g rea t  economic  impor t ance  s ince  

p r i o r  to sa le  as a cut f lower  t h e r e  is  a r e q u i r e m e n t  

fo r  long b ranches  to be r e m o v e d .  

It is  c l e a r  ( see  Table 2) that o v e r  fifty pe rcen t  of  

the accumula ted  v a r i a n c e  va lues  for  this  c h a r a c t e r  

can be accounted  fo r  by the d i f f e r ences  between v a r i e -  

t i e s  (a2VAR) and an addit ional  t h i r t y - s i x  pe rcen t  can 

be a t t r ibu ted  to d i f f e r ences  within genotypes  ( v 2 E ) .  It 

should be poss ib le  t h e r e f o r e  to s e l e c t  p lants  with sma l l  

b r a n c h e s .  Although White Rocket  was v e r y  s ens i t i ve  to 

env i ronmen ta l  changes  ( F i g .  8) ,  this  v a r i e t y  n e v e r t h e -  

l e s s  gave the lowest  "Branching  index"  mean value  

o v e r  all env i ronmen ta l  condi t ions  (Table 3) .  While 

Pink Ice was the most  s tab le  v a r i e t y  ( F i g . 8 )  it a l so  

had the highest  mean  value  fo r  th is  c h a r a c t e r  (Table 3 ) .  

The r e g r e s s i o n  l ine for  Navajo is  not p r e sen t ed ,  as the 

r e g r e s s i o n  mean square  in the ana lys i s  of v a r i a n c e  

p roved  to be nons igni f icant .  

Conclusions 

The experiment described was designed to measure 

some of the genotype-environment interactions in 

Antirrhinums. The main emphasis has been laid on 

economically important characters in relation to hor- 

ticultural management and to the quality of the cut 

flower. 

The mean square values for all characters exam- 

ined were statistically significant for the interaction 

between genotype and environment, for the heteroge- 

neity of regression and for the residual items (Table 

I). For these characters, therefore, predictions of 

varietal responses to environment (Samuel e% aZ. 

1970) cannot be made reliably. In all cases, however, 

a high proportion of the interaction sum of squares 

could be accounted for by linear regression (Table I). 

This indicates that linear responses to environment 

could be demonstrated for all the characters inves- 

tigated (Figs. 1-8) and that the greater part of the 

genotype-environment interaction could be attributed 

to the differences between the slopes of the regression 

lines. It is interesting to notice the differences be- 
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tween e a r l y  and la te  c u l t i v a r s  as  f a r  as  ho r t i cu l tu r a l  

c h a r a c t e r s  a r e  conce rned  ( F i g s .  1-3,  8 ) .  F o r  budding 

t i m e  and lea f  number ,  the e a r l y  fo rc ing  v a r i e t i e s  were  

l e s s  s e n s i t i v e  to changes  in growth condi t ions ,  as  

shown by the i r  l ower  r e g r e s s i o n  coef f i c i en t s  (5 ) .  This 

was a lso  t r u e  with r e g a r d  to branching  index,  except  

fo r  Navajo which did not respond  l i n e a r l y  to e n v i r o n -  

ment  as indica ted  by i ts  nons igni f icant  r e g r e s s i o n  

mean  s q u a r e .  The p ic tu re  i s  r e v e r s e d ,  when the t ime  

f r o m  budding to f lower ing  is c o n s i d e r e d .  He re ,  the 

l a te  f lower ing  c u l t i v a r s  had much l ower  ~ va lues  

c o m p a r e d  to the e a r l y  v a r i e t i e s .  

The demons t r a t i on  of l a r g e  d i f f e r ences  between 

v a r i e t i e s  in the e x p r e s s i o n  of  t he i r  gene t ic  potent ia l  

under  va r i ous  env i ronmen ta l  condi t ions  is  of i n t e r e s t ,  

both to the g r o w e r  and the plant b r e e d e r .  F r o m  the 

g r o w e r ' s  point of v iew,  these  r e s u l t s  could p rov ide  

a be t t e r  background for  making dec i s ions  r e g a r d i n g  

the type of v a r i e t y  to use  and the kind of  r e s p o n s e  

that might  be expec ted .  F o r  example ,  a cu l t i va r  such 

as Bronze  Rocket ,  which had a high mean value  for  

the ra t io  of spike length to total  height  (Table 3) was 

a lso  the most  s e n s i t i v e  to env i ronmen ta l  changes  

(b = 1.46 -+ 1 .10,  F i g . 7 ) .  This v a r i e t y  t h e r e f o r e  

might  p roduce  f lower s  of low grade  qual i ty  under  sub-  

op t imal  condi t ions .  On the o the r  hand, it is  l ike ly  that 

a v a r i e t y  which is highly r e s p o n s i v e  to changes  in 

env i ronmen t  will  be chosen  when be t t e r  growing con-  

di t ions  a r e  a v a i l a b l e .  

The in fo rma t ion  p r e s e n t e d  in th is  paper  could a lso  

benefi t  the plant b r e e d e r  in exploi t ing  gene t ic  v a r i a -  

b i l i ty  for  the product ion  of b e t t e r  v a r i e t i e s  which 

have a known sens i t i v i t y  to env i ronmen ta l  changes .  

The d i f f e r ences  in mean va lues  o v e r  r anges  of e n v i -  

ronment  (Table 3) indica te  the l eve l  of the a v e r a g e  

phenotypic e x p r e s s i o n  of  the m e a s u r e d  c h a r a c t e r s .  

The va r i a t i on  in the d e g r e e  of r e s p o n s e  between v a -  

r i e t i e s  ( F i g s .  1-8) and the in fo rma t ion  ga the red  f r o m  

the pa r t i t ion ing  of the va r i a t i on  (Table 2) could point  

out ava i l ab le  gene t ica l  s o u r c e s  fo r  the product ion  of 

i m p r o v e d  Antirrhinum v a r i e t i e s .  

The mean va lues  of the n u m b e r  of days to budding 

could aid the b r e e d e r  in the s e l ec t i on  of e a r l y  f l o w e r -  

ing c u l t i v a r s .  In this  e x p e r i m e n t ,  the v a r i e t i e s  ranged  

f r o m  140 to 182 days (Table 3) with b va lues  of  

0 .66 + 0 . 2 0  to 1.30 + 0 . 1 8  (F ig .  l )  for  P ink  Ice and 

White Rocket  r e s p e c t i v e l y .  A r e l a t i v e l y  high p r o p o r -  

t ion of  the va r i a t i on  fo r  this  c h a r a c t e r  could be a t -  

t r ibu ted  to d i f f e r ences  between v a r i e t i e s  (Table 2 ) i n -  

d ica t ing that s e l ec t i on  for  e a r l y  s tab le  types  i s  p lau-  

s i b l e .  

The quali ty of the cut f lower  is the r e su l t  of s e v e r -  

al plant c h a r a c t e r s ,  many of which can be i m p r o v e d  

by b reed ing .  One of these  c h a r a c t e r s  i s  spike dens i ty .  

The mean va lues  for  this c h a r a c t e r  ranged  f r o m  0.20 

to 0 .13 (Table 3) fo r  Navajo and Orch id  Rocket  r e -  

spec t ive ly ,  both v a r i e t i e s  having a s i m i l a r  low 

value  (F ig .  5) .  The genet ic  va r i a t i on  for  spike den-  

s i ty  was about 40 % (Table 2) which again ind ica tes  

that s e l ec t ion  for  i m p r o v e d  quali ty is  p o s s i b l e .  There  

are cases however where better performance and 

sensitivity to environmental changes occur simul- 

taneously. For example, Bronze Rocket has the high- 

est mean value for length of flower spike/total height 

(0.15, Table 3) and is also the most sensitive to en- 

vironment (6 = 1.46 + 0.10, Fig.7). On the other 

hand, Navajo which has a relatively low sensitivity 

to environment (~ = 0.44 -+ 0.07, Fig.7) also has the 

lowest mean value (0.09, Table 3). Whether or not 

a better ratio between spike and stem is tightly cor- 

related with high sensitivity to environment, is yet 

to be investigated by testing a larger number of va- 

rieties. If such a connection exists, the breeder is 

faced with the alternative of either producing varie- 

ties with high quality under specific environmental 

conditions or less sensitive cultivars which forsake 

some degree of quality. 
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