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The Inheritance of Anther Extrusion in Two Spring Wheat 
Varieties 

G. C. M. SAGE and MARIA JOSE DE ISTURIZ 

P l a n t  Breed ing  In s t i t u t e ,  T r u m p i n g t o n ,  Cambr idge  (England)  

Summary. Anther  extrusion was observed on two occasions under glasshouse conditions in two spring wheat  varieties 
which showed different levels of expression of this character, and on F~ and F~ generations of reciprocal crosses between 
them. The results indicated tha t  anther  extrusion was controlled by  few, possibly only two, genes with addit ive effects 
but  had a low heri tabi l i ty .  The association of pronounced anther  extrusion and part icular  pat terns  of extrusion in the 
ear are suggested as the basis for rap id  selection in glasshouse conditions for anther extrusion. 

Introduction 

The  use of c y t o p l a s m i c  male  s t e r i l i t y  in the  pro-  
duc t ion  of F 1 h y b r i d  whea t  necess i t a tes  eff ic ient  wind-  
po l l ina t ion  a t  two s tages  in the  seed p roduc t i on  pro-  
cess:  in the  m u l t i p l i c a t i o n  of the  male - s te r i l e  l ines to  
be  used  as female  pa r en t s  and  in the  p roduc t ion  of 
the  F~ seed, 

The  effect iveness  of w ind-po l l i na t ion  will  obv ious ly  
depend  to a ve ry  g rea t  e x t e n t  on c l imat ic  fac tors  b u t  
m u s t  also d e p e n d  on the  q u a n t i t y  of pol len  t h a t  is 
r e leased  in to  the  air  b y  the  male  p a r e n t  a t  t he  c r i t i ca l  
t ime .  In  a rev iew of the  f lowering b io logy  of whea t ,  
de Vries  ( t97 t )  shows t h a t  pol len  re lease  can be  
a f fec ted  b y  a large  n u m b e r  of fac tors  and  J o p p a ,  
McNeal  and  Berg  (/968) found  t h a t  the  mos t  signi-  
f i can t  of these  was the  e x t e n t  of a n t h e r  ex t rus ion .  

A n u m b e r  of semi -dwar f  w h e a t  var ie t ies ,  which  
would  o therwise  be  useful  in the  d e v e l o p m e n t  of 
h y b r i d  whea t ,  a re  d i f f icul t  to  use because  t h e y  ex-  
t r u d e  on ly  a v e r y  smal l  p r o p o r t i o n  of the i r  an the r s  
f rom the i r  f lorets .  The  ob j ec t  of the  p r e s e n t  s t u d y  
was to  i nves t iga t e  the  inhe r i t ance  of di f ferences  in 
a n t h e r  ex t rus ion  and  the  poss ib i l i t y  of i n t roduc ing  
p r o n o u n c e d  ex t rus ion  in to  m a t e r i a l  hav ing  poor  
ex t rus ion .  

Materials and Methods  

The observation of the number of anthers extruded is 
difficult in the field as the constant  movement  of the crop 
in the wind causes the anthers to drop off the  ear short ly 
after extrusion. The work reported here was, therefore, 
carried out  with plants  grown in the still  air  of a glass- 
house. Under these conditions extruded anthers s tayed 
in position on the ear indefinitely if the plants  were left 
undisturbed so tha t  i t  was possible to ob ta in  accurate 
counts of the numbers of anthers extruded. 

Previous observation had shown tha t  the German spring 
wheat  var ie ty  Sirius always extruded a large proport ion 
of its anthers while the Indian semi-dwarf var ie ty  Sona 
227 appeared never to extrude any anthers. Reciprocal 
crosses were made between these two varieties and the 
parents,  F1 and F~ generations were grown together on 

two occasions. The mater ial  was first grown under arti-  
ficial lights during the winter and reached anthesis a t  
the end of February  and the beginning of March. The 
mater ia l  was then sown again in March and reached an- 
thesis in July. In  the winter sowing the parental  popu- 
lations consisted of t 5 plants  each, the F 1 populations of 
ten plants  each and the Fz populat ions of 100 plants  
each. In  the summer sowing the corresponding figures 
were 30, t 5 and t00 plants  respectively. 

F rom each sowing observations were confined to the 
first  three ears to emerge on each plant.  Approximate ly  
ten days  after ear emergence the number and position on 
the ear of all fully extruded anthers were noted and the 
da ta  were checked on successive days to ensure tha t  all 
extruded anthers were recorded. 

At  harves t  the number of grains set on each ear was 
recorded. For  each ear the number of anthers extruded 
was expressed as a percentage of the to ta l  number of 
anthers in the ear which was taken to be three t imes the 
number  of grains set. The da ta  were then converted to 
angles for further analysis. 

Results  

_Parental and F 1 populations 

The  mean  t r a n s f o r m e d  a n t h e r  ex t rus ion  ra t e s  pe r  
ea r  for f i rs t ,  second and  t h i r d  ears  of the  p a r e n t a l  
a n d  F 1 popu la t ions  (Table l )  differed,  in some cases 
s ign i f ican t ly ,  b o t h  wi th in  and  be tween  each popu-  
la t ion.  In  the  win te r  sowing the  f i rs t  and  second ears  
of F 1 Sir ius • Sona  227 showed s ign i f i can t ly  h igher  
a n t h e r  ex t rus ion  t h a n  cor respond ing  ears  in the  
rec iproca l  F 1. This  F1 popu l a t i on  was grown on a 
d i f ferent  g lasshouse bench  f rom the  o the r  m a t e r i a l  
and  ear  emergence  was ear l ie r  (Table 2). In  the  
summer  sowing all  the  m a t e r i a l  was grown on the  
same glasshouse bench,  ear  emergence  t imes  were 
c ompa ra b l e  in the  two F~ popu la t i ons  and  the  signi-  
f icant  differences in a n t h e r  ex t rus ion  be tween  ears  of 
the  F 1 popu la t i ons  were no t  r epea ted .  Since the  
r e l a t ive  ear  emergence  t imes  of F~ Sona  227 • Sir ius 
and  the  p a r e n t a l  l ines was rough ly  s imi la r  in b o t h  
sowings i t  is l ike ly  t h a t  the  h igh  a n t h e r  ex t rus ion  of 
ea rs  of Fx Sir ius • Sona  227 in the  win te r  sowing was 
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Table 1. Mean percentage anther extrusion per ear (angular transformation) 

Sowing Ear Sirius F x Sirius Mid parent point F 1 Sona 227 Sona 227 
• Sona 227 • Sirius 

Winter  tst .  4 6 . 5 + 1 1 . 1 a b  38.4-t- 4 .6bc  24.8 2 t . 5 +  7.Tel  3 . 0 + 3 . 9 g  
2nd. 45.2 4. t6 . t  abc 33.0-t- 3 .5cd 22.8 19.4 + 12.1 ef 0.3 -I- 1.2 gh 
3rd. 4 2 . 5 + 1 4 . 5 a b c  27.t-4- 8 .4de 21.9 20.3 + t 3 . 8 e f  t . 2 -1 -2 .9gh  

Summer 1st. 37.74- 6.5c t7.8-4- 5.2f 19.4 t6 .8- t -  4 .7f  1 . 0 - t - 2 . 2 h  
2nd. 49.5 -4- 8.8 a 27.0 4- 10.0 def 23.4 27.6 i 13.9 def 0.3 -4- t .6 h 
3rd. 53.8-t- 8 .9a  23.6 -I- 11.6 def 27.3 25.9 -t- 18.3 deI 0.8 -t- 2.4 h 

Average 45.9-4- 5.56x 22.84-  4 .65"y  2 3 . 3 4 - 2 . 6 7 y  2t.9-4- 4 .09y t . t - 4 - l . 0 0 z  

Means and averages having the same letter suffix are not significantly different (P = 0.05). 
* Average of Summer sowing only. 

Table 2. Mean number of days to ear emergence from 1st 
February or Ist June 

Sowing Ear Sirius F 1 Sirius F x Sona 
X Sona 227 227 Sona 227 

x Sirius 

Winter  1st. 28.8 1t.3 21.t 25.8 
2nd. 35.8 t9.3 27.5 28.5 
3rd. 38.2 20.6 28.1 28.8 

Summer 1st. 29.7 20.5 20.1 23.9 
2nd. 33.8 25.5 25.9 27.1 
3rd. 36.5 26.9 26.6 29.1 

due  to  the i r  be ing  grown on a d i f fe ren t  g lasshouse 
bench  a n d  m a y  have  been  assoc ia ted  wi th  the  more  
r a p i d  d e v e l o p m e n t  of the  p lan t s .  The  d a t a  f rom 
win t e r  sown F 1 Sir ius • Sona  227 were t hus  no t  
s t r i c t l y  c o m p a r a b l e  wi th  the  res t  of the  d a t a  and  
were exc luded  f rom fu r the r  ana lyses .  

In  the  s u m m e r  sowing, in the  Sir ius a n d  b o t h  F~ 
popu la t i ons  the  a n t h e r  ex t rus ion  of f i rs t  ears  was 
c lea r ly  lower  t h a n  t h a t  of second ears  a l though  the  
ears  of the  F~ popu l a t i on  emerged  ear l ie r  t h a n  those  
of Sir ius (Table 2). The  e n v i r o n m e n t a l  effect  which  
p r o d u c e d  th is  depress ion  of a n t h e r  ex t rus ion  m u s t  
have  occurred ,  therefore ,  before  ear  emergence  dur ing  
the  d e v e l o p m e n t  of the  ears.  These  large inf luences  
of the  e n v i r o n m e n t  on the  express ion  of a n t h e r  
ex t rus ion  suggest  t h a t  a n t h e r  ex t rus ion  can on ly  
have  a m o d e r a t e  or low h e r i t a b i l i t y  a n d  t h a t  in t e rms  
of pe rcen tage  a n t h e r  ex t rus ion  each ear  on a p l a n t  
deve lops  in a d i f fe ren t  env i ronmen t .  The  mean  
pe rcen tage  a n t h e r  ex t rus ion  of f i rs t ,  second and  t h i r d  
ears  f rom each  sowing is t hus  the  average  ex t rus ion  
over  six d i f fe ren t  env i ronmen t s  and ,  a l t hough  th is  
range  of e n v i r o n m e n t s  will  no t  necessar i ly  be the  
same for geno types  wi th  di f fer ing m a t u r i t i e s  th is  
average  is l ike ly  to  be the  bes t  overa l l  e s t i m a t e  of 
the  express ion  of a n t h e r  ex t rus ion  wi th in  any  one 
geno type .  These  averages  (Table  t)  show t h a t  the  
p a r e n t a l  t y p e s  b e h a v e d  ve ry  d i f fe ren t ly  and  t h a t  the  
two F~ popu la t ions ,  while  no t  s ign i f i can t ly  d i f ferent  
f rom each o the r  or the  m i d - p a r e n t ,  were s ign i f i can t ly  
d i f fe ren t  f rom e i ther  of the  p a r e n t a l  types .  

R a j k i  (t960, t962) found  t h a t  in two var ie t i e s  the  
n u m b e r  of an the r s  e x t r u d e d  was in d i rec t  p ro po r t i on  
to  the  n u m b e r  of open f lowering f lorets ,  which  she 
def ined  as those  e x t r u d i n g  a t  l e l s t  one an ther .  She 
also found  t h a t  the  degree  of open f lowering was 
h igher  in the  basa l  f lorets  of each  sp ike le t .  The  
n u m b e r  of basa l  and  cen t ra l  f lorets  f rom which  a t  
leas t  one an the r  h a d  been  e x t r u d e d  was ca l cu la t ed  
f rom the  obse rva t ions  of a n t h e r  ex t rus ion  for each  
ea r  of the  Sirius and  F 1 popu la t ions .  The  pe rcen tage  
of open f lowering f lore ts  was then  ca l cu la t ed  b y  ex-  
press ing  this  n u m b e r  as a p ropo r t i on  of the  t o t a l  
n u m b e r  of f lorets  in which  gra in  h a d  set .  The  corre-  
l a t ion  be tween  the  pe rcen tage  a n t h e r  ex t rus ion  and  
the  pe rcen tage  of open f lowering f lorets  of each ea r  
of the  th ree  popu la t i ons  was 0.951 (P < 0.00t)  for 
t he  win te r  sowing a n d  0.971 ( P  < 0.001) for the  
s u m m e r  sowing. 88 per  cent  of the  t o t a l  n u m b e r  of 
open f lore ts  were b a s a l  in the  Sir ius popu la t i ons  and  
72 per  cent  in the  F 1 popu la t ions .  Thus  the  m a t e r i a l  
which  e x t r u d e d  app rec i ab l e  numbe r s  of a n th e r s  be-  
h a v e d  in the  same w a y  as t h a t  obse rved  b y  Ra jk i .  

This  ana lys i s  of the  p a t t e r n  of a n t h e r  ex t rus ion  in 
the  p a r e n t a l  and  F 1 popu la t i ons  was t a k e n  fu r the r  b y  
count ing  the  numbe r s  of basa l  and  cen t ra l  f lore ts  t h a t  
e x t r u d e d  one, two or  al l  th ree  an the r s  (Table  3). F o r  
b a s a l  f lorets  these  counts  show t h a t  Sona  227 ex-  
t r u d e d  a lmos t  exc lus ive ly  on ly  one a n t h e r  pe r  f lore t  

Table 3. Mean number of basal and central florets extruding 
one, two or three anthers expressed as a percentage of the 

number of florets extruding any anthers 

Anther o. �9 F 1 Sirius F 1 Sona 
Florets Number ~lrlUS • Sona 227 • Sona 227 

227 Sirius 

Basal 1 33.33 c 65.00 d 65.73 d 96.00 e 
2 31.27 c 26.80 c 23.72 c 4.00 ab 
3 35.40 c 8.18 b t0.57 b 0.00 a 

t 40.28 cd 59.45 d 64.68 d 100.00e 
2 40.76 cd 31.02 c 25.77 bc 0.00 a 
3 t8.96 bc 9.53b 9.52b 0.00a 

Central 

Within either the basal or central florets figures having the 
same letter are not significantly different as shown by t-tests 
on data transformed to angles. 
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while the F 1 populations extruded predominant ly  
one anther per floret with a smaller proportion of 
florets extruding two and three anthers. Sirius, on 
the other hand, which had the highest percentage 
anther extrusion had a higher proportion of florets 
extruding all three anthers per floret. The parental  
and F 1 populations thus fell into three distinguishable 
classes differentiated not only by  level of percentage 
anther extrusion but  also by  the proportion of open 
flowering florets which extruded one, two or three 
anthers. 

A similar differential pa t tern  of extrusion of one, 
two or three anthers was shown by  central florets. 
Since the central florets are invariably smaller than 
basal florets this was evidence that  the pat tern  of 
anther extrusion was not dependent on the size of the 
ftoret. I t  may  well be tha t  more frequent anther  
extrusion in basal than in central florets is only a 
reflection of the fact tha t  basal florets would have 
less resistance than  central florets to opening merely 
as a result of their position on the ear. 

F 2 populations 

I n  comparing the range of expression of percentage 
anther extrusion per ear in the F~ populations with 
those of the parental  and F 1 populations, the data  
from each ear of each population at each sowing were 
pooled, t ransformed to angles, and the numbers of 
ears tha t  fell into successive five per cent classes 
counted to give overall frequency distributions. These 
distributions were than tested for normali ty  by  cal- 
culating the theoretical normal distributions and 
comparing these with the observed distributions by 
means of chi squared tests for goodness of fit (Table 4) 
following the methods detailed by  Leonard, Mann 
and Powers (t957). Too few degress of freedom were 
available to test  the normali ty  of the S o n a  227 
dlstribution but  the distributions of the Sirius and 
F 1 populations were not significantly different from 
normali ty  while tha t  of the F 2 population was highly 
SO. 

The dis tr ibut ion in the F~ population would be 
expected to fit the normal curve if many  genes were 
involved especially if their heri tabil i ty were low. The 
normal distributions and large variances of the Sirius 
and F 1 populations are indicative of the low herita- 
bility of anther extrusion so the fact tha t  the F, 
distribution was not a normal distribution suggested 
tha t  relatively few genes might  be involved. 

The means of the F x and F, populations (Table 4) 
were not significantly different (tns ~ = 0.t41, P = 0,8 
--0.9) and lay approximate ly  half way between the 
parental  means. This suggested that  inheritance of 
anther extrusion might  be controlled by  additive gene 
action. On applying Mather 's  C scaling test  (Mather 
and J inks 197t) to the generation means the quant i ty  
C (4 • F~ m e a n -  2 • F 1 mean --  mean S i r i u s -  
mean Sona 227) was not significantly different from 

zero (C = 1.2t ~ 3. t t9) .  This indicated that  the 
generation means depended only on the additive 
effects of the genes and tha t  there were no inter- 
actions between non-allelic genes and no disturbing 
factors such as differential viabil i ty or fertility. 

The simple hypotheses tha t  anther  extrusion was 
controlled by  either one or two additive genes were 
than tested following Powers'  Part i t ioning Method 
of Genetic Analysis as set out by  Leonard et al. (1957). 
Powers'  analysis visualises the F 2 generation as a 
composite of genotypes each of which fluctuates nor- 
mally about its own particular mean. The mean and 
variat ion of genotypes present in the F, but  not 
represented by  parental  or F 1 genotypes are est imated 
by  making simple assumptions as to the relationship 
between mean and variance. The corresponding nor- 
mal  distributions are then combined with the obser- 
ved distributions of parental  and F 1 genotypes to 
develop a genetic hypothesis against which the ob- 
tained frequency distribution of the F, generation 
can be tested. 

To test  the hypothesis of a single additive gene the 
assumption was made tha t  Sirius, the parental  line 
with pronounced anther extrusion, was homozygous 
for the gene which caused, or at least did not sup- 
press, anther extrusion, tha t  Sona 227 was homo- 
zygous for an allele at the same locus which did not 
cause, or which suppressed, anther extrusion, and 
that  the F 1 plants were heterozygous. These three 
genotypes would be expected in the F 2 population in 
the percentage ratio 25:25:50. The percentage fre- 
quencies observed in the two parental  types and the 
F 1 (Table 5) were multiplied by  the appropriate  ex- 
pected F, genotypic percentage to give the part i t ion 
frequencies given in Table 6. By summing within 
each frequency class the expected percentage fre- 
quency distribution for an F 2 popula t ion based on 
the segregation of one additive gene was derived. 

To test  for the similarity or otherwise of this 
theoretical F 2 distribution to the observed F 2 distri- 
bution it was next  necessary to apply a chi squared 
test  for homogeneity. To do this the theoretical F 2 
distribution arrived at in Table 6 was converted to a 
numerical basis comparable with the observed dis- 
tr ibution by  multiplying the percentage in each fre- 
quency class by  11i8/100. The two distributions 
were then placed in a contingeny t ab le  as shown in 
Table 7. The proportion of the overall total  expected 
for each cell of the contingency table was then calcu- 
lated and these are included in Table 7 in parenthesis. 
Finally a chi squared for t 2 degrees of freedom was 
computed using the observed da ta  and the expected 
proportion calculated in the contingency table. This 
chi squared was 198.608 with a probabil i ty  of less 
than 0.001. Thus the distributions were not homo- 
geneous and the hypotheses tha t  inheritance of 
anther extrusion was due to a single additive gene 
was thus disproved. 
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Table 7. Contingency table for  chi squared test fo r  homo- 
geneity between the observed and theoretical F~ distr ibut ion 
assuming  one additive gene, calculated on the basis o f  

number  o f  indiv iduals  in  each class 

F 2 population 
Class 
Centre Observed (Calcu- Theo- (Calcu- Sub- 

lated) retical lated) totals 

2.5 1o7 (186.88) 266.76 (186.88) 373.76 
7.5 t28 (107.t6) 86.3t (1o7.16) 214.31 

t2.5 152 (116.o8) 8o.16 (116.o8) 232.16 
17.5 158 (132.55) 107.10 (132.55) 265.10 
22.5 144 (114.93) 85.86 (114.93) 229.86 
27.5 116 (113.06) 1t0.12 (113.06) 226.t2 
32.5 81 (75.94) 70.88 (75.94) 151.88 
37.5 76 (80.43) 84.86 (80.43) 160.86 
42.5 66 (65.98) 65.96 (65.98) 131.96 
47.5 40 (47.84) 55.68 (47.84)  95.86 
52.5 15 (32.43) 49.86 (32.43)  64.86 
57.5 t6"1, (23.43!~, 30.861. (23.43!~ 46.86 
62.5 6J (4.12)) 2.24J (4.12)J 8.24 
67.5 10 / (11.60)1 13.191 (1t.60)1 23.19 
72.5 i [  (4.42) 1. 8.83~ (4.42) 1. 8.83 
77.5 (1.00)1 0.00| (1.00) 1 2.00 
82.5 (0.50)1 O.OOJ (0.50)J 1.00 
87.5 . . . . .  

Sub 
totals 1118 t118.67 2236.67 

Brackets indicate classes combined to give at least ten 
individuals per class for the computation of X 2. 

The possibility that  two genes of equal effect were 
involved in the inheritance of anther extrusion was 
then considered. For this purpose it was assumed 
tha t  Sirius was homozygous for both genes control- 
ling pronounced anther extrusion and thus carried 
four effective alleles, tha t  Sona 227 was homozygous 
for alleles at these two loci controlling lack of anther 
extrusion and thus carried no effective alleles for 
pronounced anther extrusion, and tha t  the F~ was 
heterozygous at both loci and hence carried two 
effective alleles. The expected percentage ratio of 
genotypes carrying zero, two and four effective alleles 
in an F 2 population would be 6.25: 37.50:6.25 per 
cent respectively. As before by multiplying the ob- 
served percentage frequencies of the two parental  
types and the F 1 given in Table 5, by  the appro- 
priate expected F~ genotypic percentage the part i t ion 
frequencies for each genotype were calculated and 
are given in Tab!e 8. By subtract ing within each 
frequency class these part i t ion frequencies from the 
observed Fz percentage frequencies residual frequen- 
cies, given at the bo t tom of Table 8, were obtained. 
These are the parti t ion frequencies ascribable to 
genotypes other than those of the parents and F 1 
and thus represent the distribution of the genotypes 
carrying one or three effective alleles. 

According to the hypothesis the residual part i t ion 
distribution is expected to be a composite made up of 
the normal distributions of two genotype groups, 
those carrying one or three effective alleles, each 
having its characteristic mean and variance. Geno- 

types with one effective allele would be expected to 
have a mean between tha t  of Sona 227 and the F 1 
and genotypes with three effective alleles would be 
expected to have a mean between tha t  of the F 1 and 
Sirius. Observations of the means and variances of 
the parental  and F 2 types (Table 4) indicate tha t  
there is a positive relationship between them but  tha t  
this relationship is not linear since the variance of 
the F1 is nearly as large as tha t  of Sirius. The variance 
of genotypes with three effective alleles would thus 
be expected to be much greater  than tha t  of those 
with one effective allele and this might cause the two 
distributions to overlap slightly. 

I t  can be seen from Table 4 tha t  the F 1 population 
mean falls in the 25 per cent frequency class. Tha t  
par t  of the residual part i t ion frequency distribution 
tha t  falls below this class is thus probably due prin- 
cipally to genotypes carrying one effective allele while 
tha t  par t  falling above it is probably due principally 
to those carrying three effective alleles. Each of these 
two groups of genotypes would be expected to con- 
t r ibute 25 per cent of individuals in an F 2 population. 
By alloting half the residual frequencies observed in 
the 20 and 25 per cent frequency classes to each 
genotype group the residual distribution can be 
further  part i t ioned and ascribed to part icular  geno- 
types as shown in Table 9. The two sub-distributions 
so formed each consist of about 25 per cent of the F 2 
distribution and do overlap slightly. I t  was possible 
to calculate means and variances for these two 
distributions and hence to construct their expected 
normal distributions. 

To calculate the means the upper  class limits were 
expressed as class centres as shown in Table 9. Each 
part i t ion frequency was multiplied by  its class centre 
with due consideration given to positive and negative 
values and the sum (SX) was divided by  the total  
of the part i t ion frequencies to give the means. In 
order to calculate the variances it was assumed tha t  
a sufficiently close est imate of the actually non-linear 
relationship between parental  and F~ means and va-  
riances would be given by  assuming linearity of 
variances between Sona 227 and the F~ and then 
again between the F 1 and Sirius. On this assumption 
the total  variance of each of the genotype groups in 
Table 9 could be est imated from the formula y = 
~ m x + b .  

For the genotypes with one effective allele an 
estimate of m was obtained from: 

variance F 1 -- variance Sona 227 t23.03 
m = - -  - -  - -  5 .77 mean F 1 -- mean Sona 227 21.33 
and an est imate of b from: 
b = variance Sona 227 - -  (m • mean Sona 227) 

---- 6.25 --  (5.77 • 0.99) = 0.46 
The total  variance was then derived by  substi tut ing 

in y ----- m x +  b. For genotypes with three effective 
alleles the total  variance was calculated in a similar 
manner  using the means and variances of the Sirius 

Theoret. App l .  Genetics, Vol. 45, No.  3 
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Table 10. Means, variances and standard deviations ob- 
served or calculated for particular genotypes or genotype 

groups 

Population Genotypes Mean Variance Standard 
deviation 

Sona 227 aabb, 0.99 6.25 2.50 
(0 alleles) 
1 allele Aabb, aa]3b, 12.21 70.99 8.43 
F 1 (2 alleles) AaBb, AAbb, 22.32 129.28 tl.37 

aaBB, 
3 alleles AABb, AaBB, 33.70 132.96 tl.53 
Sirius AABB, 45.98 t36.89 11.70 
(4 alleles) 

and F 1 populations. The calculated means, variances 
and s tandard deviations of the two genotype groups 
are given in Table 10 together with the comparable 
data  from the parental  and F 1 populations. 

The normal distributions corresponding to the 
means  and variances calculated for one and three 
effective allele genotypes were then built up using 
the Table of Normal  Probabil i ty  Integral  (Fisher and 
Yates, 1963) and are given in Table t t  together with 
the observed percentage frequencies of the parental  
and F 1 populations taken from Table 5. Table t t 
thus contains five normal distributions expressed in 
percentages each one representing the expected dis- 
tr ibution of a genotype or group of genotypes. An 
overall theoretical F 2 distribution was next  con- 
structed by  multiplying each frequency by  the ex- 
pected percentage Fz proportion of the corresponding 
genotype or genotypes and summing within each fre- 
quency class. This theoretical F~ distribution is given 
at the bo t tom of Table t l .  

As before the similarity of otherwise of this theore- 
tical distribution to the observed F~ distribution was 
tested by  means of a chi squared test  for homogeneity 
the contingency table for which is given in Table 12. 
The homogeneity chi squared, this t ime for 10 degrees 
of freedom, was t 8.070 which was just not significant 
(P = 0.05--0.1). The two distributions could thus 
be considered homogeneous and it could be concluded 
tha t  the observed Fz distribution can be explained 
by  assuming only two additive genes of equal effect. 
However,  while this analysis is suggestive of there 
being only two genes involved it cannot  be regarded 
as conclusive since it involved assumptions as to the 
relationship of means and variances and the large 
variances involved made the distinction of overlap- 
ping distributions somewhat arbi trary.  We can cer- 
tainly conclude tha t  the inheritance of anther ex- 
trusion involves more than one additive gene but  can 
say no more than tha t  it may  possibly be controlled 
by  as few as two. 

Discussion 
Anther extrusion depends on two events. The 

floret must  open and while it is open the anther 

Table t 2. Contingency table for chi squared test for homo- 
geneity between the observed and theoretical F 2 distribution 
assuming two additive genes, calculated on the basis o/ 

numbers of individuals in each class 

F 2 populatio n 
Class 

Sub Centre servedOb" (Calculated) calThe~ (Calculated) totals 

2.5 to7 (120.82) t34.64 (120.82) 241.64 
7.5 t28 (118.03) t08.07 (118.03) 236.07 

t2.5 152 (141.95)  131.90 (14t.95) 283.90 
17.5 158 (154.40) 150.80 (154.40) 308.80 
22.5 144 (134.43) 124.86 (134.43) 268.86 
27.5 116 (123,72) 131.45 (123.72) 247.45 
32.5 81 (86,59) 92.18 ( 8 6 . 5 9 )  173.18 
37.5 76 (82.26) 88.52 ( 8 2 . 2 6 )  164.52 
42.5 66 (63.51) 6t.03 ( 6 3 . 5 1 )  t27.03 
47.5 40 (41.63) 43.26 (41.63) 83.26 
52.5 15 (21.76) 28,53 (2t.76) 43.53 
57.5 16~ (14.77)~ t3.54~ (14,77)1, 29.54 
62.5 6J (4.38)J 2.77J (4.38)J 8.77 
67.5 101 (7.01)1 4.02| ' (7.01)1 14.02 
72.5 i [  (1.t8)~ 2.37~ (t,18)~ 2.37 
77.5 (1.00)/ O.OOI (I.O0)/ 2.00 
82.5 (o.5o)J o.ooJ (o,5o)J 1.oo 
87.5 . . . . .  

Sub 
totals t 118 t 117.94 2235.94 

Brackets indicate classes combined to give approximately 
ten individuals per class for the computation of Z 2. 

filaments must  elongate sufficiently to bring the 
anther outside the floret before the floret closes again. 
The limiting factors to anther  e~trusion are thus 
likely to be the degree of flower opening, the degree 
of fi lament :elongation, a combination of both or a 
lack of synchronisation of these events,  If  each of 
the limiting factors were equally variable it might  be 
expected that ,  over a range of environments,  the 
distribution of anther extrusion in individual ears in 
an F z population would be normal. The fact tha t  the 
results showed this not to be so indicates tha t  one 
quali tat ively inherited limiting factor predominates 
over the others. 

I t  is a common observation in making hand crosses 
tha t  dehisced anthers are found forced up by  the 
elongation of their filaments into the top par t  of 
closed florets from which they have been unable to 
escape. This suggests tha t  the extent,  duration or 
t iming of flower opening is more critical fo r  anther 
extrusion than filament elongation. In addition to 
the fully extruded anthers discussed so far a large 
number  of half extruded anthers were found during 
the glasshouse observations. These anthers which 

s e e m e d  to be t rapped between the closed flower par ts  
were very frequently found in the same florets as 
fully extruded anthers and may  have resulted from 
the inabili ty of the elongating filaments to force them 
between the closed or closing flower parts .  The 
results presented in this paper  showed tha t  the two 
parental  lines and the reciprocal F 1 generations be- 
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tween them differed not only in the extent  of per- 
centage anther  extrusion but  also in the pa t te rn  of 
extrusion of one, two or all three anthers. I t  is 
reasonable to speculate tha t  these differences reflect 
differences in the degree to which the florets opened. 

De Vries (t97t) refers to several descriptions in the 
older l i terature of the process of flower opening being 
controlled by  the rapid uptake  and loss of water  by  
the lodicules. The extent ,  duration and t iming of 
flower opening are determined by  this movement  of 
water  into and out of the lodicules. The addit ive 
genes which appeared to control percentage anther 
extrusion in our mater ia l  m a y  well have operated by  
controlling the uptake  and retention of water  by  the 
lodicules possibly by  influencing lodicule development 
if not actually influencing the critical water  move- 
ments  themselves. This interpretat ion is supported 
by  independent observations tha t  it is very easy to 
find turgid lodicules in the ears of Sirius at anthesis 
but  very  difficult to find any in those of Sona 227. 

Obviously much more detailed observations will 
have to be made before the val idi ty  of such specu- 
lations can be tested. In the meantime,  the results 
presented here show tha t  the pronounced anther  
extrusion of Sirius is associated with a high pro- 
portion of the florets extruding any anthers tha t  ex- 
trude all three. Effective selection for pronounced 
anther  extrusion might  thus be carried out in the 
glasshouse by  rapid estimations of the proportions 
of open flowering florets extruding one, two or three 
anthers ra ther  than b y  est imating the actual  percent- 
age anther  extrusion itself which involves the count- 

ing of grain sets after  harvest .  This and the small 
number  of genes apparent ly  involved in the inher- 
itance of anther extrusion mean tha t  it should be 
relatively s t raightforward to select semi-dwarf and 
other desirable genotypes having the level of anther 
extrusion of Sirius despite the low heri tabil i ty of 
anther extrusion. 
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