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Studies of Inheritance of Reaction to C o m m o n  Smut in Corn 
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Summary. Reaction to Uslilago maydis was studied in resistant and susceptible corn inbreds, their F 1 hybrids and 
I�89 and F a segregants. Marked differences among inbreds in genetic prepotency were found. Segregation was poly- 
genic. The concept of combining ability was applied and estimates of a~ and a} were calculated. Both additive and 
non-additive gene action was found. Breeding for resistance based on crossing to special susceptible testers was sug- 
gested. 

The common smut occurs wherever corn has been 
grown, and it was formerly believed to be one of 
the most destructive diseases of this crop. For 
example, estimated losses in the United States were 
on the average about t .8% (Plant Disease Reporter 
1924, t925 and t926), but  often up to 15% (SMITH, 
1936). No varieties were satisfactorily resistant 
(PoT~ER and ME,CriERS, 1925). Many investigations 
carried out during the first four decades of the 20th 
century shouted that  the host-pathogen relationship 
is very complex and, therefore, polygenically con- 
trolled. Selection for smut resistance among inbreds 
turned out to be highly effective and hybrids were 
developed whose resistance, although not complete, 
was satisfactory (STRINGFIELD and BOWMAN, t942). 
The interest of research workers in the problem of 
smut control decreased after t940, although the 
inheritance of reaction of corn to smut has not yet 
been explained. 

In Poland, as in some other northern areas of corn 
culture, smut remains an important  factor because 
early flint varieties, which constitute a source of 
inbreds for production of flint-dent hybrids, are 
extremely susceptible (RIEGEROWA and SLAI~OlqSKI, 
1957). They give such a low proportion of acceptably 
resistant inbreds that  little opportuni ty is left to 
select for other characters (RIEc.EROWA, t959; 
RALSI<I and RIEGEROWA, t963; and BOJANOWSKI, 
1967a). 

The reaction of the corn plant to attacks of the 
smut fungus is conditioned by variability of the 
pathogen, variability of the host and the mechanism 
of infection. 

Differences in pathogenicity among physiologic 
forms and collections of U. maydis were reported 
by several authors (CHRISTENSEN and STAKMAN, t 926; 
TISDALE and JOHNSTON, t926; GRIFI~ITHS, t928; and 
EDDINS, t929). STAI~MAN et al. (1933) demonstrated, 
however, that  such differences exist even among 
combinations of pure monosporidial lines. Con- 
sequently, collections and "physiologic forms" may 
comprise many different biotypes. IMMER and 
CHRISTENSEN (193t) and CHRISTENSEN and JOHNSON 

(t935) found no significant differences in the reaction 
of varieties and inbreds of corn to different collec- 
tions of the smut fungus. ROWELL and DEVAY 
(t954), ROWELL (t955) and HOLLIDAY (t961) de- 
monstrated that  brandspore production is condi- 
tioned by two loci: a, with two alleles controlling 
mating type, and b, with multiple alleles controlling 
pathogenicity. The virulent phase is a dicarion 
heterozygous at both loci. Owing to constant reas- 
sortment of genes between successive infections there 
are no established races of the pathogen. U. maydis 
is a panmictic population in which various combina- 
tions of genes controlling pathogenicity arise as com- 
patible sporidia fuse to form pathogenic dicarions. 
Plants grown under epiphytotic are exposed to 
attacks of many different biotypes of the pathogen. 

Heritable differences in reaction to smut among 
inbreds were first reported by  JoNEs (t918) and then 
by many authors. GARBER and QUISENBERRY (1925), 
GARBER and HOOVER (I 928), IMMER and CHRISTENSEN 
(/931), HOOVER (t932), CHRISTENSEN and JOHNSON 
(t935), RALSI~I and RIEGEROWA (t963), NEM- 
LJEI<I~O and KULn~ (t965) and VOg~DOVA and 
PRUDEI~: (t967) found marked differences among 
inbreds and varieties in amount and location of 
smut galls and rather  high consistency of these 
characters in different seasons. Nevertheless, reaction 
of corn to smut is subject to considerable variation 
due to environmental factors, i.e. climatic conditions, 
soil fertility, population density, mechanical injuries 
etc. KYLE (1930) believed that  any factors stimu- 
lating vigorous growth of meristems are conductive 
for smut prevalence. 

Several techniques of inducing epiphytotic and of 
inoculation were developed (PIEMEISEL, 1917; TIs- 
DALE and JOHNSTON, t926; PLATZ, t929; IMMER 
and  CHRISTENSEN, t928a;  EDDINS, 1929; DAVIS, 
t936;  RIEGEROWA, t959; and MOLOT, t962). I t  was 
found that  inocula with reduced surface tension were 
more effective than water suspensions (PLAT~, t929; 
and DAVIS, 1936). Hypodermal inoculation resulted 
in still more severe infection. Young seedlings were 
susceptible when inoculated, but  at 3-leaf stage 
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differences  - -  p r o b a b l y  phys io log ica l  - -  a m o n g  
inbreds  were  n o t e d  b y  TISDALE and  JOHNSTON (1926). 
RANKER (t930) obse rved  inh ib i t i on  of g r o w t h  of t he  
smu t  fungus  b y  f i l t r a tes  of some r e s i s t an t  inbreds .  
PETH0 (1964) found  a r e l a t i onsh ip  be tween  suscept i -  
b i l i t y  to  s m u t  and  the  r a t e  of amino  acid  syn thes i s  
in i n fec t ed  t issues.  A n  i n t e r r e l a t i on  was found  be-  
tween  the  i n t e n s i t y  of infec t ion  and  the  cover ing  of 
ap ica l  b u d s  (EDDINS, t929) and  be tween  ea r  infec t ion  
and  th ickness  of husk  cover ing  (KYLE, 1929). 
WALTER (t934) conc luded  f rom his s t u d y  of pene-  
t r a t i o n  of h y p h a e  t h a t  the  mode  of en t r ance  of the  
p a t h o g e n  is p r o b a b l y  of no s ignif icance to  d i f fe ren t i a l  
r eac t ion  of corn s t ra ins  to  smut .  DAvIs (t936) found  
t h a t  t he  a m o u n t  of infec t ion  was g rea te r  t h a n  t h a t  
of i t s  v is ible  s y m p t o m s  a n d  t h a t  a r t i f ic ia l  s t i m u l a t i o n  
of g rowth  of a x i l l a r y  buds  re su l t ed  in a d o u b l e d  
pe rcen t age  of noda l  infect ions .  He  conc luded  t h a t  
in fec t ion  of buds  t a k e s  p lace  a t  ea r ly  s t ages  of g r o w t h  
b u t  is expressed  b y  gall  f o rma t ion  on ly  if the  buds  
grow. A cons ide rab le  p r o p o r t i o n  of in fec ted  buds  
m a y  never  deve lop  galls.  The  a m o u n t  of s m u t  
infec t ions  depends ,  therefore ,  no t  on ly  upon  resis-  
t a n c e  (in e i ther  a morpho log ica l  or phys io log ica l  
sense), b u t  also u p o n  the  g rowth  p a t t e r n  of t he  hos t  
p l an t .  Since t i l le rs  a re  o f ten  s m u t t e d ,  th is  m a y  
accoun t  for  the  increase  in t he  a m o u n t  of s m u t  
resu l t ing  f rom a r educ t ion  of p o p u l a t i o n  d e ns i t y  in 
h igh ly  t i l l e r ing  s t ra ins  (VoHL, 1938; RIEGEROWA 
a n d  SLABO~SKI, t957 ;  a n d  u n p u b l i s h e d  d a t a  of 
DZlEGIELEWSKI and  of BOJANOWSKI). 

I t  can  be  conc luded  f rom the  l i t e r a t u r e  t h a t  
r eac t i on  of corn to  smut ,  as obse rved  unde r  n a t u r a l  
e p i p h y t o t i c ,  is a v e r y  complex  cha rac te r i s t i c .  

Materials and Methods  

The experiments  were carried out  on the Ursyn6w 
Exper imenta l  F a r m  of the  Agricultural  Univers i ty  in 
Warsaw in the years  1959 to 1965, and in the smut  
nursery of the  P lan t  Breeding Stat ion Kobierzyce near  
Wroctaw in 1966 and 1967. 

The inheri tance of react ion to  smut  was s tudied in se- 
veral  inbreds and their  progenies. Exper imenta l  mater ia l  
was planted in fields heavi ly  infested with brandspores  of 
U. maydis collected in several localities in Poland. Addi- 
t ional  infestation was also applied at  4--  5 leaf stage and 
again pr ior  to  tasseling. P lants  were ei ther dusted with 
brandspores (in t 959 to t 965) or spray-  
ed with  water  suspension of brand- 
spores (in 1966) or sporidia (in 1967), 
with a .0t % emulsifying agent added 
to  reduce the  surface tension (MOLOT, 
1962). Inoculat ion was not  applied 
because no inoculation technique is Source 
fully sat isfactory.  The author  shares 
the  opinion of PLATZ (1929) tha t  ar t i -  
ficial inoculation eliminates the  mor- 
phological  component  of smut  resis- 
tance. RIEGEROWA (t959) found 
a marked discrepancy in the  inten- 
s i ty  of infection between p lants  ex- 
posed to  field infection and seedlings 
inoculated in a greenhouse. There- 

Table t.  Percentages of smutted plants in a susceptible 
open pollinated variety Stanowieka in the years 2961 to 1967 

Per cent of smutted plants 

Year Locality with galls on ears and/or total 
on stalks above ears 

1961 Ursyn6w 45 72 
1962 Ursyndw 13 35 
1963 Ursyn6w 31 70 
1964 Ursyndw 7 21 
1965 Ursyn6w 7 12 
1966 Kobierzyce 20 53 
1967 Kobierzyce 3t 76 

fore, the most  reliable information is obtained if unin- 
jured plants  are exposed to epiphytotic.  

P lants  were spaced either 80 X 50 cm (in Ursyndw in 
1959 to 1965) or 70• 35 cm (in Kobierzyce in 1966 and 
1967), thus making a populat ion density of 25,000 and 
40,800 p lants  per  hectare, respectively. Low populat ion 
density was applied because, according to unpublished 
Polish da ta  (see BOJANOWSKI, 1967a) i t  provided for 
smut  infection. These da ta  are in accordance with those 
of VOHL (t938), RIEGERO'WA and SLABOI~SKI (1957) and 
WILCOXON and CovEY (1960), bu t  somewhat contradic-  
to ry  to those of PIXMEISEL (t9t7), KORNFELD (t937) 
and RUTGE~ and RISlWS (1966). DAVIS (t936) found tha t  
infection increased both ways from the plant ing ra te  of 
2 oi" 3 p lants  per  hill. 

The intensi ty of smut  damage was determined in per- 
centage of smut ted  plants.  The location of galls was also 
recorded because, according to IMMER and CHRISTENSEN 
(1928b) and JOHNSON and CHRISTENSEN (t935), galls lo- 
cated on ears and on stalks above ears are the  most  de- 
structive.  

The prevalence of smut during the period in which the 
experiments were carried out  is i l lustrated by  the percent-  
age of smut ted  plants  in a susceptible open poll inated 
fl int  var ie ty  Stanowicka, which was used as a check 
(Table t). An a rb i t ra ry  scoring system was developed 
by the author  in order to take into account the number and 
size of galls. This system was abandoned because a close 
posit ive correlation was found between the score and the 
percentage da ta  (BoJANOWSKI, t967a). All calculations 
based on percentages were performed on da ta  t ransformed 
to angles according to BLISS (after SNEDECOR, 1956). If 
there  were no smut ted  p lants  on a plot ,  1/4 n was sub- 
s t i tu ted for 0%, n being the actual  nmnber of p lants  on 
the p lo t  (BARTLETT, t947). 

An a t t empt  was made to  obtain a series of inbreds 
representing the widest  possible range of reaction to  
smut. Near ly  500 inbreds developed by  the  author  from 
Polish local strains, as well as from American, French, 
Dutch, Canadian, Hungarian and Austr ian variet ies and 

Table 2. Analysis of variance of the percentage (transformed to angles) 
of  smutted plants in 7 ~ inbreds tested in single, 2o-plant rows in Ursyndw in 

2959, 196o , 1961 and 1963 

Plants smutted on Smutted plants 
ears and/or on stalks (total) 

DF above ears 

S ~- F S ~ F 

Years 3 2536 
Inbreds  69 1099 
Interact ion (taken 207 l 18 
as the  error  term) 

21.49"** 3771 19.14"** 
9,3t *** t854 9-4t *** 

197 

* * * Significant a t .  t % level. 
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h y b r i d s  were  t e s t ed .  I n b r e e d i n g  was  
s t a r t e d  in 1954 and  1955. Many  inbreds  
were  d i sca rded  in t h e  course  of in- 
breeding,  as p o o r l y  adap t ed .  A t  t h e  
same t i m e  m a n y  e s t ab l i shed  fore ign 
inb reds  were t e s t e d  for  a d a p t a b i l i t y .  

P r e l i m i n a r y  t e s t i n g  for  r eac t ion  to  
s m u t  of 26t  of t h e  a u t h o r ' s  own  inbreds  
(des igna ted  b y  U fol lowed b y  a n u m -  
ber)  a n d  of 36 foreign inb reds  was  
ca r r i ed  ou t  f rom 1959 to  1963. No 
d a t a  were  o b t a i n e d  in 1962 because  of 
v e r y  p o o r  s t a n d s  due to  u n f a v o r a b l e  
w e a t h e r  in May. T h e  p e r c e n t a g e  of 
s m u t t e d  p l a n t s  was  d e t e r m i n e d  on  
l - row,  20-p lan t s  p l o t s  w i t h o u t  repli-  
ca t ions .  D a t a  for  m a n y  inb reds  are 
n o t  c o m p l e t e  p a r t l y  because  of el imi-  
n a t i o n  in t h e  course  of i nb reed ing  a n d  
tes t ing ,  and  p a r t l y  because  of acci- 
d e n t a l  losses or  poo r  s tands .  Never -  
theless ,  a series of 70 inb reds  was  
se lec ted  wh ich  were  t e s t e d  in four  
seasons,  i.e. t 959, 1960, t 96t  a n d  1963. 
T h e  ana lys i s  of v a r i a n c e  of t h e s e  d a t a  
is g iven  in T a b l e  2. I n b r e d s  i nvo lved  
in e x p e r i m e n t s  are  l i s ted  in Tab le  3. 

e~ 

0o 

2 

E x p e r i m e n t a l  

Based on the first year  of preli- 
minary  testing, several resistant 
(R) and susceptible (S) inbreds were 
selected in 1960 and intercrossed 

o in R •  and R •  combinations. 
�9 ~ Many crossings were unsuccessful 
" because of differences in flowering 

t ime or destruction of susceptible 
'~ plants by  smut.  

In t961, the percentage of smut-  
ted plants in 19 F1 hybrids and 
14 parental  inbreds was determined 
in 10-plant rows in 3 replicates. No 
a t t empt  was made to distinguish 
between reciprocals because, ac- 
cording to IMMER (t927), HOOVER 

o (1932) and NEMLJENKO and KULIK 
(t956) no materna l  effect was ob- 
served in reaction to smut.  The 
results are given in Table 4. 

Twenty  inbreds were outcrossed 
in 1960 to a rather  smut-susceptible 
double cross tester  (W85 x W l S )  
(Mt42•  The percentage of 
smut ted  plants in parental  inbreds 
and in their  test-cross progenies 
was recorded in 1961. Parent-pro-  

.~ geny correlation is shown in Table 5. 

Segregation of reaction to smut 
o was studied in 1964, t965 and t966. 

In t964, the percentage of smut-  
ted F~ plants was recorded in 6 cros- 
ses (Table 6). Since, however, da ta  
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Table 4. Percentages (transformed to angles) of plants smutted on ears and~or on stalhs above 
ears (E + S) and of smutted plants ( T) in 24 inbreds and their 19 F 1 progenies in Ursyn6w, 296i 

Smutted plants 

Inbred Smutted plants Parents E + S T 

E + S T F, F 1 -- P F 1 F 1 -- fi 

U123 5 5 U123 •  IO 4 2.0 20 -- 1.0 
U240 7 7 U123 xW37A 7 -- .5 37 +28.5** 
U204 8 8 U123 •  6 -- .5 35 428.5** 
U4 9 9 U123 •  7 + 1.0 29 +23.0** 
W37A 10 t2 U123 •  8 - - t9 .5"* 39 -- 8.5 
UIO 13 t7 UI23 •  6 -- 4.5 31 -- 6.O 
CO15t 10 24 Ut23 x U 4  12 + 5.0 44 +37.0** 
\VMI 3R 16 37 U4 •  24 +13.0" 56 +43.0** 
U165 32 40 U4 •  45 + ,5 90 440.5** 
Mr42 49 58 U4 •  35 4 5,5 90 +40,5** 
U248 16 69 U4 xU165 25 + 4,5 47 +22.5** 
U23t 41 90 U231 •  20 -- 8.5 49 --14.5 
U19 50 90 U248 •  7 -- 9.0 57 4 4.o 
UI2  80 90 C0151 x W M I 3 R  18 +5 .0  48 + t 7 . 5 "  

COt5t •  10 0 23 4 5.0 
U248 •  8 -- 5.0 56 + t 5 . 5 "  
U248 xU240 t3 4 t.5 52 414.o  
CO15t•  8 -- .5 26 +10.5 
Mt42 •  11 --18.5"* 27 -- 8.0 

Differences are significant * at 5% level 
�9 * at t%level  

based on ind iv idua ls  are no t  dependable ,  more  
deta i led analyses  were performed in  t964, t965 and  
t966 in F 3 progeny rows of 25, 25 and  20 p lants ,  

Table 5. Inbred-topcross correlation in percentages (trans- 
formed to angles) of smutted plants in Ursyn6w in 1961. 

Tester: (W85 x Wf5)  (Mr42 • WD) 

A. Smut on ears and/or on stalks above ears 
5 0 - ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / . . . . .  

i I 1 2 1  
40 ......................... . . . .  i 

, [ 1 i , [ 
3 0  . . . . . . . . . .  i . . . . . . . . . . . . . .  t . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . .  

20 . . . . . . . . . . . . . . .  I .............. i . . . . . . . . . . . .  ; . . . . . . . . . . . .  . . . . . . . . . . . .  

1 0 -  . . . . . . . . . . . . . .  ! . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I .............. 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
0 1 o 2o 3o 4o 5O 

Inbreds 

Correlation coefficient r = + .52 (significant at 5% level) 

B. Smutted plants (total) 

5 ~  . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V 

. . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~zv i ................ I .................................. ! ....... i . . . . . . . . . . . . . .  

1411! I !. I I 
,o ..... , ......... , ............ I ............. 

o l  . . . . . . . .  t . . . . .  t . . . . . . . .  t . . . . . . . .  t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 10 20 30 40 50 60 70 80 90 
Inbreds 

Correlation coefficient r = + .20  (non significant) 

respect ively.  E igh t  crosses /unong 5 res i s tan t  and  2 
susceptible  inbreds  were chosen for this  s tudy.  
They  represented four  R • R and  four R • S combi-  
na t ions .  The d i s t r ibu t ion  of F~ progenies in classes 
of percentage ( t ransformed to angles) of s m u t t e d  
p lants ,  wi th  class in te rva ls  = t 0, are given in Table  7. 

The react ion of inbreds  and  the i r  F 1 progenies to 
s m u t  was s tud ied  again in  1967 in  the  t r ia t  No. XVI  
in Kobierzyce.  The t r ia l  was located in  a smu t  
nur se ry  and  consisted of 36 entries set in 6 •  6 la t -  
tice in 4 replicates of 40-plant ,  2-row plots. Since the  
effectiveness of la t t ice  design was very  low, the  
analysis  of var iance  was performed according t o  
randomized  blocks design. The n u m b e r  of s m u t t e d  
p lan ts  was so recorded as to enable  de te rmin ing  to ta l  
percentage of s m u t t e d  p lan ts  and  also percent~tges 
of p lan ts  smu t t e d  a) on ears, b) on stalks above oars, 
c) on ears and /or  on stalks above ears. The yie ld  
of grain  a t  15.5 % mois ture  level was also de termined.  
The  analyses  of var iance  are shown on Tab le  8. 
D a t a  concern ing  6 inbreds  and  their  t 3/71 progenies 
are shown in Table  9. 

Table 6. Percentage of smutted plants in F 2 of six crosses 
in Ursyndw, 1962 

Number of Per cent of Parental inbreds plants smutted plants 

Ut23 •  270 18.t 
U4 x U I 0  168 18.5 
U I 2 3 •  250 t9.6 
UIO NUt2  t87 30.0 
U4 •  229 33.6 
U4 x U 1 2  220 37.7 
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Table 7. Distributions of F a progenies of 8 crosses in classes of percentages (transformed to angles) of 
smutted plants in the years 2964, I965 and 1966. Class interval = 1o. The arrows mark the mean 

values of the check variety Stanowicka (see Tab. 1) 

Frequency in classes of transformed percentages of smutted plants 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  No. of 

Pedigree Type of class marks F a 
the cross 

0 10 20 30 40 50 60 70 80 90 tested 

Y e a r  t964 ~ ~, 
Uf 23 X V~rMI 3R R •  ] 48 3 2 53 
Uf23 xW'37A R •  I 29 3 ' 32 
U I 2 3 •  R x S  I 6 4 i 2 12 

Y e a r  1965 
U123 • 3R R •  
UI23•  R •  
U I 2 3 •  R •  
UI0 •  R •  
U123 • U19 RX S 
U4 •  R •  
1310 •  R •  
U4 > U t 2  R x S  

Y e a r  t966 
Ut 23 • xeVMt 3I~ R •  
U123 • R •  
U123• U4 R •  R2 
UlO •  R •  
Ut23 •  R x S 
U4 x U l 9  R •  
UIo •  R x S  
U4 •  R •  

39 4 
33 1 
64 9 I 
28 1 i l 
66 10 1 3 
4O 34 i 26 
t2 / t3 J 8 

5 I 12 I 19 

i 

20 , 9 

23 48 6 

8 7 13 
8 

1 1 
1 2 

3 
13 

43 
34 
74 
30 
79 

1 o0 
36 

8 4 2 63 

29 
17 

2 4t 
4 a7  
2 t 39 

4 
t 24 

6 7 t2 5 5 43 

Table 8. Analysis of variance in the trial No. X V I  in Kobierzyce, 1967 

Character Source DF S 2 F 

Per cent of plants  smutted on ears and/or on blocks 3 42.64 
stalks above ears entries 35 622.3t 32.14 ** 

error t05 19.36 

blocks 3 30.24 
Per cent of plants smutted on ears entries 35 150.99 9.13 ** 

error t 05 

blocks 3 
Per cent of plants smutted on stalks above ears entries 35 

error 105 

blocks 3 
Total per cent of smutted plants  entries 35 

error 105 

blocks 3 
Per cent of barren plants entries 35 

error 105 

16.53 

94.62 
551.59 26.39** 

20.90 

t4.65 
938.28 22.51 ** 

41.69 

32.83 
345.09 13.69"* 

25.20 

Yield of grain at t 5.5% moisture level in q per blocks 3 67.10 
entries 33 1618.04 62A0"* 

hectare error 99 26.20 

** Significant at 1% level 

The to ta l  percentage of s m u t t e d  p lan t s  was also 
recorded in  the  yie ld  t r ia l  No. V I I I  in Kobierzyce in  
t967. This t r ial  was located in the field and  cons t i tu t -  
ed a par t  of the program of tes t ing inbreds  for com- 
b in ing  abi l i ty  in diallel and  res t r ic ted d i a lM crosses. 
I t  consisted of 90 entr ies  set in 1 0 •  r ec tangu la r  
la t t ice  in  3 replicates of 2-row plots, 10 m e each. 

Popu la t ion  dens i ty  was abou t  6 t ,300 p lan t s  per 
hectare.  Al though  no artificial  in fes ta t ion  was 
applied, the i n t ens i t y  of smu t  was ra ther  high. 
One modified diallel series of 5 lines and  one res t r ic ted 
diallel series of 7 •  lines were singled out  of this  
t r ia l  for discussion of inher i t ance  of react ion to smut .  
The  resul ts  are given in Tables  t t and  12. 



T
a

b
le

 9
. 

P
er

ce
nt

ag
es

 (
tr

an
sf

or
m

ed
 

to
 a

ng
le

s)
 o

f 
sm

ut
te

d 
pl

an
ts

, 
ba

rr
en

 p
la

nt
s,

 
an

d 
yi

el
d 

o
f 

gr
ai

n 
of

 6
 i

nb
re

ds
 "

an
d 

13
 F

 1
 in

 t
he

 t
ri

al
 N

o.
 X

V
I 

in
 K

ob
ie

rz
yc

e,
 

1
9

6
7

 

P
la

n
ts

 
sm

u
tt

e
d

 
o

n
 

D
es

ig
n

at
io

n
 o

f 
ea

rs
 a

n
d

/o
r 

st
al

k
s 

S
m

u
tt

ed
 p

la
n

ts
 (

to
ta

l)
 

B
ar

re
n

 p
la

n
ts

 
Y

ie
ld

 o
f 

p
ar

en
ta

l 
in

b
re

d
s 

ea
rs

 
st

al
k

s 
ab

o
v

e 
ea

rs
 

ab
o

v
e 

ea
rs

 
_ 

g
ra

in
 q

/h
a 

U
1

2
3

 
5.

3 
5.

3 
5.

3 
5.

3 
5.

3 
7.

4 
U

4
 

5.
6 

I1
.o

 
ll

.o
 

1
1

.9
 

9
.6

 
9

.6
 

15
19

 
1

o
.6

 
51

.3
 

5
2

.9
 

6
8

.0
 

52
.5

 
7.

3 
M

t4
2

 
6

.6
 

4
0

.o
 

4
0

.0
 

4
2

.5
 

t9
.7

 
1

6
.6

 
W

M
t 

3
R

 
t 0

.3
 

2
3

.6
 

2
5

.3
 

3
1

.8
 

1
7

.4
 

1 
t 

.0
 

C
an

.7
2

 
10

.3
 

1
4

.7
 

1
8

.8
 

2
5

.0
 

12
.1

 
33

.5
 

U
1

2
3

 
X

V
V

M
t3

R
 

5.
0 

--
 

2
.8

 
5.

0 
--

 
9

.5
*

*
 

5.
0 

--
1

0
.3

"*
 

3
4

.0
 

+
t5

.4
"*

 
1

5
.0

 
--

 
6

.3
*

 
68

.1
 

U
t2

3
 

x
lJ

4
 

t3
.5

 
+

 
8

.0
*

*
 

7.
9 

--
 

.3
 

1
5

.9
 

+
 

7
.7

*
*

 
3

1
.8

 
+

2
3

.2
*

*
 

5.
6 

--
 

1.
8 

52
.4

 
1d

12
3 

x
L

ll
 9

 
4

.9
 

--
 

3
.t

 
4

.9
 

--
2

3
.4

*
*

 
4

.9
 

--
2

4
.2

*
*

 
3

5
.0

 
--

 
1.

7 
4

.9
 

--
2

4
.0

*
*

 
6

2
.8

 
U

1
2

3
 

• 
5.

9 
--

 
.t

 
7

.t
 

--
t5

.6
"*

 
8.

1 
--

1
4

.6
"*

 
2

1
.t

 
--

 
2

.8
 

6
.0

 
--

 
6

.5
*

 
5

6
.0

 
U

5
 

X
U

I9
 

17
.1

 
+

 
9

.0
*

*
 

3
8

.5
 

+
 

7
.3

*
 

4
2

.4
 

+
1

0
.4

"*
 

5
9

.2
 

+
t9

.2
"*

 
2

0
.5

 
--

1
0

.5
"*

 
55

.5
 

U
4

 
• 

5.
8 

--
 

.3
 

2
5

.6
 

+
 

.t
 

26
.1

 
+

 
.6

 
3

5
.2

 
+

 
8

.0
*

*
 

12
.1

 
--

 
2.

5 
4

5
.3

 
M

t4
2

 
x

V
~

rM
I3

R
 

6.
3 

--
 

2
.2

 
t8

.2
 

--
1

3
.6

"*
 

1
8

.9
 

--
1

3
.7

"*
 

3
1

.8
 

--
 

5.
3 

1
0

.0
 

--
 

8
.5

*
*

 
6

0
.5

 
U

1
9

 
• 

1
2

.8
 

+
 

2.
3 

3
0

.2
 

--
 

7
.2

*
 

3
2

.9
 

--
 

6
.2

*
 

50
.4

 
+

 
.5

 
t3

.3
 

--
2

1
.6

"*
 

5
8

.0
 

M
r4

2
 

• 
t0

.4
 

+
 

1.
8 

37
.7

 
--

 
7

.9
*

*
 

39
.1

 
--

 
7

.4
*

*
 

4
8

.7
 

--
 

6
.5

 
1

4
.8

 
--

2
1

.3
"*

 
6

2
.2

 
C

a
n

.7
2

• 
4

.7
 

--
 

3
.2

 
9

.2
 

--
 

.9
 

9
.t

 
--

 
2

.9
 

16
.1

 
+

 
1

.0
 

4
.7

 
--

 
4

.0
 

6
4

.2
 

C
a

n
.7

2
x

U
4

 
2

2
.8

 
+

1
4

.8
"*

 
1

2
.4

 
--

 
.4

 
2

6
.9

 
+

1
2

.0
"*

 
3

5
.8

 
+

1
7

.3
"*

 
5.

7 
--

 
5.

1 
6

7
.6

 
C

a
n

.7
2

• 
7.

0 
--

 
3

.4
 

2
2

.8
 

--
1

0
.2

"*
 

2
3

.4
 

--
1

2
.5

"*
 

3
9

.3
 

--
 

7
.2

 
1

6
.7

 
--

1
5

.6
"*

 
6

5
.3

 
C

a
n

.7
2

X
M

t4
2

 
4.

7 
--

 
3.

7 
t8

.6
 

--
 

8
.7

*
*

 
17

.7
 

--
1

1
.7

"*
 

1
8

.9
 

--
1

4
.8

"*
 

8.
1 

--
 

7
.8

*
 

7
1

.0
 

D
if

fe
re

n
ce

s 
ar

e 
si

g
n

if
ic

an
t 

at
 

* 
5~

o 
le

v
el

 -
- 

**
 

1%
 l

ev
el

 

T
a

b
le

 t
0

. 
A

ve
ra

ge
 c

ro
ss

 p
er

fo
rm

an
ce

s 
an

d 
es

ti
m

at
es

 
o

f 
ge

ne
ra

l 
(a

})
 

an
d 

sp
ec

if
ic

 (
a

})
 

co
m

bi
ni

ng
 a

bi
li

ty
 i

n 
re

sp
ec

t 
to

 l
he

 ]
)e

rc
en

ta
ge

 
of

 s
m

ut
te

d 
pl

an
ts

 
an

d 
to

 y
ie

ld
 

o
f 

5 
in

br
ed

 l
in

es
 i

n
 a

 m
od

if
ie

d 
di

al
le

l 
se

ri
es

 s
in

gl
ed

 
ou

t 
of

 t
he

 t
ri

al
 N

o
. 

X
V

I 
in

 K
ob

ie
rz

yc
e,

 
19

67
 

In
b

re
d

 
li

n
e 

P
e

rc
e

n
ta

g
e

s 
(t

ra
n

sf
o

rm
e

d
 

to
 a

n
g

le
s)

 
o

f 

p
la

n
ts

 
sm

u
tt

e
d

 
o

n
 

ea
rs

 a
n

d
/o

r 
st

al
k

s 
ab

o
v

e 
th

e 
ea

rs
 

e
a

rs
 

st
al

k
s 

ab
o

v
e 

ea
rs

 

U
1

2
3

 
7.

2 
5.

3 
7.

5 
7.

3 
50

.1
 

t9
6

.1
 

9.
5 

3
7

.0
 

2
2

9
.6

 
2

6
.0

 
0 

1
1

3
.5

 
C

an
.7

2
 

9
.8

 
2

t.
9

 
0 

t5
.8

 
38

.7
 

19
.3

 
16

.5
 

0 
2

7
.5

 
0 

7
4

.6
 

M
r4

2
 

6.
7 

3
5

.2
 

2
.7

 
2

2
.3

 
4

.4
 

2
1

.6
 

2
2

.7
 

30
.5

 
0 

3
1

.0
 

3.
7 

1
2

.2
 

U
4

 
1

4
.8

 
3

7
.6

 
3

2
.6

 
21

.1
 

2
3

.2
 

0 
2

8
.4

 
t4

.9
 

65
.1

 
4

0
.5

 
0 

6
9

.7
 

U
I9

 
9

.0
 

1
2

.t
 

0 
2

6
.0

 
4

2
.8

 
77

.1
 

2
7

.4
 

52
.4

 
38

.1
 

4
5

.5
 

2
.6

 
2

2
7

.5
 

sm
u

tt
ed

 p
la

n
ts

 
b

ar
re

n
 p

la
n

ts
 

Y
ie

ld
 o

f 
g

ra
in

 
in

 q
/h

a 

5.
3 

6
.0

 
3

2
.9

 
58

.9
 

1.
9 

.3
 

8
.8

 
5.

8 
0 

6
7

.0
 

2
2

.8
 

6
8

.3
 

10
.3

 
o 

o 
5

8
.6

 
14

.7
 

0 
1

1
.0

 
5.

6 
0 

5
5

.2
 

16
.5

 
3

4
.8

 
1

4
.2

 
9.

5 
2

6
.8

 
6

1
.5

 
10

.7
 

0 

A
v

e
ra

g
e

 
7.

1 
38

.1
 

2
7

.0
 

18
.5

 
4

8
.0

 
75

.8
 

2
1

.4
 

5
0

.2
 

83
.5

 
34

.1
 

.4
 

1
2

5
.3

 
9

.9
 

7.
3 

1
4

.4
 

60
.1

 
2

0
.3

 
2

5
.4

 
2 

2 
as

/~
r~

 
1.

41
 

.6
3 

.6
0 

.0
0

3
5

 
.5

1 
.8

0
 

A
n

a
ly

si
s 

o
f 

v
a

ri
a

n
c

e
 

S
ou

rc
e 

D
F

 
S 

2 
F

 
S 

~ 
F

 
S 

2 
F

 
S 

2 
F

 
S 

2 
F

 
S 

2 
F

 

H
y

b
ri

d
s 

9 
1

5
6

.4
 

9
.4

6
*

*
 

6
1

7
.5

 
2

9
.5

5
*

 
64

6.
1 

3
3

.3
7

*
*

 
7

tl
.5

 
1

7
.0

7
"*

 
1

3
t.

2
 

5
.2

1
"*

 
24

2.
1 

9
.2

3
*

*
 

P
a

re
n

ts
 

4 
21

9.
1 

2
.0

6
 

1
1

2
3

.2
 

5
.2

7
*

 
1

2
0

2
.6

 
5

.9
9

*
 

t5
4

6
.6

 
3

7
.1

0
"*

 
22

7.
1 

4
.1

6
 

4
1

1
.5

 
3.

85
 

In
te

ra
c

ti
o

n
 

5 
1

0
6

.2
 

6
.4

2
*

*
 

2
t3

.1
 

1
0

.1
9

"*
 

2
0

0
.9

 
1

0
.3

8
"*

 
4

3
.5

 
1

.0
4

 
54

.5
 

2
.1

6
 

t0
6

.8
 

4
.0

7
*

*
 

E
rr

o
r 

10
5 

16
.5

 
2

0
.9

 
19

.4
 

4
1

.7
 

2
5

.2
 

2
6

.2
 

* 
S

ig
n

if
ic

an
t 

at
 5

9o
 l

ev
el

 -
- 

**
 

S
ig

n
if

ic
an

t 
at

 1
~o

 l
ev

el
 

~
a 

v
~

 

gg
 

9a
 

(3
 

G
 P,
 

�9
 

2f
. 

�9
 

v
o

a 



38 JAN BOJANOWSKI : Theoret. Appl. Genetics 

Table t t .  Percentage (transformed to angles) of smutted 
plants in a modified diallel series singled out of the trial 

No. V I I I  in Kobierzyce, 1967 

Parental F l I5  W33 Can.72 EPI ~" a~ a~ inbreds 

F7 25.3 22.3 19.6 22.0 22.3 39.4 45.8 
Ft15 24.0 18.3 38.3 26.5 0 33.3 
W33 27.0 37.3 27.7 0 0 
Can.72 50.0 28.7 0 46.1 
EPI  36.9 95.9 56.4 

Average 28.4 53.3 28.8 

Analysis of variance 

Source DF S ~' F 

Hybr ids  9 310.4 8.99** 
Inbreds 4 454.3 2.33 
Interact ion 5 195.2 5.59 * * 
Error  176 34.9 

�9 * Significant at 1% level 

~} - 1.85 

In  the  1961 t r i a l  (Tab. 4) the  t o t a l  pe rcen tage  of 
s m u t t e d  p l a n t s  in F 1 was m o s t l y  i n t e rme d ia t e ,  i.e. 
wi th in  the  l imi ts  set  b y  p a r e n t a l  values ,  b u t  in 4 cases 
i t  was equal  and  in 6 cases h igher  t h a n  t h a t  of more  
s m u t t e d  paren t .  If  on ly  the  mos t  de s t ruc t i ve  in- 
fect ions (i.e. on ears  and /o r  on s t a lks  above  ears) 
were t a k e n  in to  account ,  the  pe rcen tage  of s m u t t e d  
p l an t s  was i n t e r m e d i a t e  in all  cases excep t  two,  in 
which i t  was lower t h a n  t h a t  of the  less s m u t t e d  
p a r e n t ;  and  one, in which  F 1 exceeded  the  more  
s m u t t e d  pa ren t .  Genera l ly ,  no r e g u l a r i t y  of behav io r  
of F 1 was observed.  There  was some ind i ca t i on  of 
d i f ferences  among  p a r e n t a l  inbreds  in cross perfor-  
mance  in respec t  to  smu t  reac t ion ,  b u t  no conclusions 
could  be d r a w n  because  of n o n - o r t h o g o n a l i t y  of the  
crosses and  low accu racy  of the  t r ia l .  

The  resul t s  of topcross  t es t  (Tab. 5) showed t h a t  
p a r e n t - p r o g e n y  cor re la t ion  in r eac t ion  to  smu t  was 
r a t h e r  low. I t  a m o u n t e d  to  + . 2 0  for the  t o t a l  
pe rcen tage  of s m u t t e d  p l an t s  and  + . 5 2  (s ignif icant  

Table t2. Percentages (transformed to angles) of smutted plants in a 4• 7 restricted diallel series singled out o[ the trial 
No. V I I I  in Kobierzyce, 1967 

Parental inbreds A/B W375 W33 U221 F t t  5 PLS48 PLS43 EP1 x a} a~ 

Can. 72 25.0 27.0 22.0 18.3 27.7 26.7 50.0 28.1 45.9 0 
F2 26.O 35.3 35.7 24.7 29.7 28.0 35.0 30.6 0 11.7 
F7 25.0 22.3 40.7 25.3 25.0 37.0 22.0 28.2 46.0 0 
US0 23.7 20.3 19.7 t2.7 21.3 23.7 25.3 21.0 0 35.1 

x 24.9 26.2 29.5 20.2 25.9 28.8 33.t 27.0 
a~ 0 7.0 53.1 0 0 15.0 t23.9 33.0 
a~ 1.5 0 0 42.8 0 0 3.5 7.3 

A n a l y s i s  of v a r i a n c e  

Source DF S 2 F 

Hybr ids  27 173.6 4.98** 
Inbreds A 3 366.0 2.73 a~ 
Inbreds B 6 196.5 1.47 a~ = 3.69 
Interact ion 18 133.8 3.84" * 
Er ror  176 34.9 

** Significant at 1% level 

Discuss ion  
The resul ts  of p r e l i m i n a r y  t es t ing  (Tab. 2) t oge the r  

wi th  the  i n fo rma t ion  p re sen ted  in Tab .  3 show t h a t  
inbreds  chosen for genet ic  e x p e r i m e n t s  r ep re sen t ed  
a wide range  of va r i ab i l i t y ,  b o t h  in origin and  in 
r eac t ion  to  smut .  The  mos t  r e s i s t an t  i nb red  U123 
was smut - f ree  t h r o u g h o u t  all tes t s  m a d e  b y  the  au thor .  
I t  was also the  only  s t r a in  which  was a bso lu t e ly  
smut - f ree  in a field t e s t  and  in a greenhouse  tes t  
(with inocu la t ion  b y  the  t echn ique  of ROWELL and  
DEVAY), which were pe r fo rmed  at  L a  Grande  Fe r -  
rade,  F rance ,  in t9621). The  mos t  suscep t ib le  i nb red  
U t 2  was s n l u t t e d  t 0 0 %  in mos t  seasons and  could  
be p r o p a g a t e d  wi th  di f f icul ty .  

1 The information was kindly provided by  Dr. P. MO- 
LOT, Stat ion de la Pathologie V6g&ale, Pont-de-la-Maye, 
Gironde, France. 

a t  5% level) for the  pe rcen tage  of p l an t s  s m u t t e d  
on ears  a n d / o r  on s t a lks  above  the  ears.  As can 
be seen f rom ti le cor re la t ion  tab les ,  "h igh  s m u t "  
inb reds  gave  m o s t l y  "h igh  s m u t "  p rogeny ,  while 
the  progenies  of " low s m u t "  inb reds  showed a g rea t  
va r i a t ion .  I t  means  t h a t  the  r eac t ion  of an inb red  
l ine to  s m u t  gives on ly  t e n t a t i v e  in fo rma t ion  on 
i ts  c ross -per formance .  This  is in accordance  wi th  
obse rva t ions  of BERZSENYI (1962) who found  t h a t  
cor re la t ion  in r eac t ion  to  smu t  was low be tween  
inbreds  and  the i r  topcross  progenies ,  b u t  suf f ic ien t ly  
high be tween  d i f ferent  topcrosses  of the  same in- 
breds .  Suscep t ib le  tes te rs  offered g rea te r  possi-  
b i l i t y  of se lec t ing  for res is tance .  

D a t a  concerning  smu t  pe rcen tage  in F 2 (Tab. 6) 
are  gene ra l ly  in accordance  wi th  w h a t  could  be 
e x p e c t e d  based  on F , ,  b u t  t h e y  are no t  cr i t ica l  be-  
cause the  r eac t ion  of i nd iv idua l  p l an t s  to  s m u t  is 
sub jec t  to  a g rea t  va r i a t ion .  Segrega t ion  d a t a  
based  on F 3 progenies  (Tab. 7) are  much  more  
rel iable .  

Progenies  of 3 crosses were t e s t ed  in th ree  seasons,  
while those  of r ema in ing  5 crosses in two seasons.  
I t  can be seen f rom Tab.  7 t ha t ,  cons ider ing  seasonal  
di f ferences  in s m u t  p reva lence  as measu red  by  the 
pe rcen tage  of s m u t t e d  p l an t s  in the  check va r i e ty ,  
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distribution in each of tile crosses was essentially 
the same in all seasons. Small discrepancies might 
be due to environmental  variation, to sampling 
error and to the fact tha t  not exact ly the same sets 
of F a progenies were tested in different seasons. 

In R •  R crosses distributions were asymmetr ical  
(except U t0  • U4 in t966) because F 3 progenies were 
most ly  grouped in "low smut"  classes. In spite of 
this fact, differences among crosses were quite 
apparent .  In R • S crosses distributions were either 
symmetr ical  or slightly asymmetrical ,  depending upon 
the pedigree of the cross and seasonal prevalence of 
smut.  In tens i ty  of the disease was higher in 1966 
than in 1964 and 1965, and some "shi f t"  of distri- 
bution is apparent  in all crosses. Some progenies 
classified as "low smut"  in 1964 and 1965 occurred 
in "medium smu t "  classes in 1966. Similarly, 
"med ium smu t "  progenies from 1964 and t965 oc- 
curred in "high smu t "  classes in t966. I t  means 
tha t  the a symmet ry  of distribution of progenies of 
most  R • R and some R • S crosses, part icularly in 
seasons of low smut  prevalence, was due to the fact 
tha t  resistant and medium resistant progenies were 
grouped together  in "low smut"  classes. I t  is pos- 
sible tha t  F 3 progenies of a cross between two very 
susceptible lines, if tested under epiphytotic,  would 
be most ly  grouped in "high smut"  classes, thus 
making the distribution asymmetrical ,  but  in the 
opposite way. 

Distr ibutions presented in Tab. 7 indicate, there- 
fore, tha t  reaction to smut  is a polygenic character  
and segregates according to a quant i ta t ive  model. 
The same type of segregation was observed by  IMMER 
(t927). The resistance of all resistant strains tested 
by  this author  seemed to be conditioned generally 
by  the same factors. This is not the case with the 
da ta  presented in this paper.  I t  is quite apparent  
tha t  even within groups of inbreds classified as 
resistant or susceptible, marked  differences occur 
in respect to the number  of factors determining the 
reaction to smut.  These numbers,  however, can not 
be determined exactly,  al though a relatively simple 
addit ive model could be constructed to account for 
the observed distributions, as shown by  the author  
(BoJANOWSKI, 1967b). Reaction to smut  is a very 
complex phenomenon and there is no reason to 
assume tha t  the effects of all factors involved are 
addit ive and of the same magnitude.  

At tempts  were made to locate factors controlling 
smut  resistance. HOOVER (t932), in studies involving 
9 linkage groups, found tha t  at least four groups, 
corresponding to chromosomes t ,  2, 3 and 5, con- 
tained genes associated with the reaction to smut,  
but  each of these groups was represented by  plants 
which carried genes conditioning morphological 
characters faciliating the infection (e.g. tassel-seed 4 
or brachytic). BURNHAM and CARTLEDGE (t939), in 
crosses between a smut  resistant inbred and a series 
of susceptible translocation stocks, observed asso- 

ciation between smut  reaction and t3 different points 
of interchange. SABOE and HAYES (194t) studied 
backcross progenics of two resistant inbreds with 
stocks representing translocations in 15 arms of 
i0 chromosomes. At least 3 factors were found in 
each inbred. They were located in chromosomes 6, 
7 and 8 in one inbred, and in chromosomes 4 and pre- 
sumably 3 and 5 in the other. These results proved 
tha t  smut  resistance in corn is polygenic and may  
be conditioned by  different factors. 

If  the reaction to smut  were a typically quanti- 
tative,  cumulat ive character,  the F 1 would be always 
intermediate to the parents,  which apparent ly  is 
not the case. According to JoNEs (1918) resistance 
was dominant.  HAYES et al. (1924) found tha t  F 1 
progenies of resistant • resistant were more resistant 
than either parent,  while those of resistant • sus- 
ceptible were intermediate.  IMMER and CHRISTENSEN 
(1928b), IMME~ ( t927)and  IMMER and CHRISTENSEN 
(1931) found tha t / ;1  was most ly  intermediate,  but  in 
some cases susceptibility was dominant.  F 1 progenies 
of resistant •  were as resistant as parents 
or slightly more smutted.  KYLE (1930) found nega- 
t ive correlation between growth vigor of inbreds 
and their smut  resistance, and also higher amounts  
of smut  in F 1 than  in either parent.  He a t t r ibuted 
increased susceptibility of hybrids to their increased 
vigor, and he even pointed out the danger of elimi- 
nating the most productive strains by  selection for 
smut resistance. On the other hand, no correlation 
between smut  resistance and plant height (taken 
as a measure of vigor) was found by  IMMER and 
CImlSTENSEN (193t) in 300 F8 progenies. In  ex- 
periments of HOOVER (1932), F1 was intermediate.  
~EKALIN (t964) found /;1 to be intermediate,  with 
deviations towards either more resistant or more 
susceptible parent.  

The results presented in this paper  are in accor- 
dance with l i terature in tha t  there is no general 
rule as to the reaction of F 1 to smut.  Progenies shown 
in Tables 4 and 9 represent a range of parent-pro-  
geny relationship apparent ly  wider than tha t  found 
in any other single experiment.  This may  be attri-  
buted to the fact tha t  all investigations referred to in 
l i terature were performed on inbreds developed in 
the course of breeding programs, while in experi- 
ments  referred to in this paper, a special a t t empt  was 
made to isolate extremely resistant and susceptible 
inbreds, with little concern of other characteristics. 
This is, perhaps, why instances may  be found here 
in which the percentage of smut ted  plants in F~ is 
t) higher than in either parent  ("negative heterosis"), 
2) of the same order as in the more susceptible parent  
("dominance of susceptibili ty"),  3) intermediate 
("incomplete dominance"),  4) of the same order as 
in the more resistant parent  ("dominance of resis- 
tance") ,  and 5) lower than  in either parent  ("positive 
heterosis"). I t  seems tha t  such a si tuation can be 
best expressed in terms of differences between F 1 
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and the parental mean (F 1 - - P ) .  As can be seen 
from Tab. 4 and 9, the sign and magnitude of these 
differences varied not only for different crosses, but  
also for different locations of smut galls within 
crosses. In 1961 (Tab. 4), 16 out of t9 F1 progenies 
did not differ significantly from parental means in 
respect to the percentage of plants smutted on ears 
and/or on stalks above the ears, while in respect to 
the total  percentage of snmtted plants, _F 1 signifi- 
cantly exceeded the parental mean in 10 cases. This 
may be possibly at t r ibuted to hybrid vigor which 
stimulated the growth of lower axillary buds, thus 
increasing the number of galls on lower nodes and 
suckers. More detailed and accurate data  from t967 
(Tab. 9) seem to confirm this assumption. Total 
percentage of smutted plants in t3 F~ progenies 
was in 5 cases higher and in I case lower than the 
parental mean, while in respect to smut galls located 
on ears and/or on stalks above ears the percentage 
of smutted plants in F1 was in 8 cases lower and only 
in 3 cases higher than the parental mean. The per- 
centage of F1 plants smutted on ears significantly 
exceeded the parental mean only in 3 cases. In all 
these three crosses the line U4 was involved. 

The percentage of barren plants in F~ was in all 
cases lower than the parental mean, which may be 
certainly at tr ibuted to hybrid vigor. The percentage 
of barren plants was closely correlated with the per- 
centage of plants smutted on stalks above ears 
(r = + .90  for inbreds and +.71 for hybrids, both 
highly significant). No significant correlation was 
found in/;1 between the percentage of smutted plants 
and the yield of grain (r = --.25, N.S.), which indi- 
cates tha t  smut resistance was not a major component 
of yield. 

The results presented in this paper show that  the 
concept of complete or incomplete dominance is 
evidently not applicable to the reaction of corn to 
smut. Neither is this character typically cumulative 
because F 1 is not always strictly intermediate. Low 
correlation between inbreds and their cross progenies 
indicates that  inbreds showing the same level of 
resistance may differ markedly in prepotency. I t  
seems, therefore, that  cross-performance of inbreds 
in respect to smut reaction can be best determined 
by application of the concept of combining ability. 
This situation is somewhat analogous to that  found 
by FERGASON (1965) in inheritance of resistance to 
Diplodia stalk and ear rot in corn, where both addi- 
tive and nonadditive gene action was involved and 
hybrid progenies gave bet ter  estimates of inherent 
response to the parasite than inbreds themselves. 

The combining ability of inbreds in respect to 
smut reaction was calculated for a modified (without 
parents and reciprocals) diallel series of F~ crosses 
among 5 inbreds, singled out of the trial No. XVI, 
as well as for a modified diallel series of 5 inbreds 
and a restricted diallel series of 4 X 7 inbreds, singled 
out of the trial No. VII I  in Kobierzyce in t967. 

Estimates of variance due to general (a~) and specific 
(a~) combining ability for individual inbreds in modi- 
fied diallel series were calculated according to the 
formulas given by SPRAGUE and TATUM (1942) and 
RojAs and SVRAGUE (t952). The only difference 
being that  estimates of a~- were freed not only from 
error but  also from interaction components. Esti- 
mates of average a~ and a} in modified diallel series 
were calculated after Rojas  (t951), and in restricted 
diallel series after SCHEFFs (1959). Average a~ and 
a~ for the whole restricted diallel series were cal- 
culated by weighing average values obtained for 
the two groups, A and B. The 2 as/aG ratio was cal- 
culated for each series in order to measure the relative 
importance of general and specific combining ability. 

Average performance of individual inbreds, as well 
as data concerning combining ability are given in 
Tab. t0 for the trial No. XVI, and in Tables 11 and t2 
for the trial No. VIII .  

I t  can be seen from Tab. t0 that  the line Uzi, 
although apparently resistant to smut, behaved in 
crosses as if it were susceptible. On the contrary, 
a very susceptible inbred Mt42 gave a not very 
heavily smutted offspring. Estimates of a~ and a~ 
for total percentage of smutted plants in this series 
seem to indicate that  the character is entirely addi- 
tive. If, however, the location of smut galls is taken 
into account, then differences among lines, as well 
as specific, non-additive effects in some hybrid 
combinations become apparent. I t  can be seen that  
high amount of smut in the offspring of Ut9  is 
mostly due to infections on stalks, while in respect 
to ear infections the offspring of U4 exceeds that  of 
all other lines. The relative importance of the specific 
combining ability is highest for the latter character. 
Inbred U123 is definitely the best combiner in respect 
to all kinds of smut resistance, which can be seen 
from its average performances and relatively high 
estimates of general combining ability; particularly 
if the two most destructive kinds of infections (ears 
and stalks above ears) are brought together. Com- 
bining ability of inbreds in this series in respect to 
the yield of grain is not related to their reaction to 
smut. 

Data  on smut in the trial No. VII I  are much less 
detailed because only the total  percentage of smutted 
plants was recorded. The amount of smut and the 
range of variability were slightly lower in the trial 
No. VII I  than in No. XVI, but  of the same order. 
There is, however, a striking difference in the ma- 
gnitude of a~, which is much greater in No. XVI. 
The relative importance of specific combining ability 
for the total percentage of smutted plants in the 
trial No. VII I  amounts to t.85 for the modified 
diallel and 3.69 for the restricted diallel series, being, 
therefore, definitely greater than in the trial No. XVI. 

A high percentage of smutted plants in the cross 
Can. 72 • EPI  certainly contributed to the increase 
of average a} (Tab. 11 and t2). This cross provides 
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a striking example of interaction because it  was the 
only combination with Can. 72 so heavily smutted.  
All smut  galls in this cross were located at  the base 
of the stalks. Such location is characteristic of E P t ,  
but  it was not manifested so strikingly in any other 
cross involving this l i n e .  Both Can.72 and E P t  
are excellent combiners under Polish conditions. 
The occurrence of such interactions should be taken 
into account in working out pedigrees of commercial  
hybrids. 

The si tuation found here in respect to combining 
abili ty in smut  resistance seems analogous to tha t  
found by  SPRAGUE and TATU~ (t942) in respect to 
combining abili ty in yields of grain. These authors 
found tha t  in series of previously tested inbreds, 
variance due to specific combining ability was 
usually greater  than the corresponding variance due 
to general combining abil i ty;  while in series of un- 
tested lines the situation was reversed. This was 
due to the elimination of low combiners in the course 
of selection. Similarly, the trial No. V I I I  consisted 
of inbreds which were subject to previous selection 
for desirable phenotypic  characters,  as well as for 
product iv i ty  in crosses; while some lines involved in 
the trial No. X V I  represented deliberately chosen 
extremals in respect to reaction to smut.  

Conclusions 

The reaction of corn plants to the a t tack  of Usiilago 
maydis, being conditioned by  several morphological 
and physiological characters of the host plant,  is 
a complex phenomenon. The inheritance of smut  
reaction is certainly polygenic and does not fit any  
single genetic scheme. Segregation seems to be 
quant i ta t ive  as far as the total  percentage of smut ted  
plants is concerned, but  biotypes of corn m a y  differ 
in their  inherent properties concerning the location 
of smut  galls. The performance of F x m a y  be specific 
as to intensi ty and location of infections. Both 
addit ive and non-addit ive gene action may  be in- 
volved. 

Inbreds of apparent ly  the same level of pheno- 
typic  resistance to smut  m a y  differ in genetic pre- 
potency in respect to this character.  I t  seems, there- 
fore, tha t  in breeding programs aimed at developing 
smut  resistant biotypes phenotypic screening should 
be followed b y  progeny tests. Combining ability 
in smut  resistance can be best  determined by  cros- 
sing with a susceptible tester,  preferably hetero- 
geneous, to reduce specific effects. Perhaps  a single 
cross of two inbreds of high prepotency in t ransmit-  
ting susceptibili ty would const i tute an appropriate  
tester. For  example,  U 4 •  would be good as 
such a tester  because progenies of the former inbred 
are smut ted  on ears, while those of the la t ter  on 
stalks. 

Since testing of prepotency in smut  resistance 
alone would be uneconomic in most  practical breeding 

programs, it might  as well consti tute a par t  of testing 
of combining ability in yield and other impor tant  
characters.  

The author  recommended a simultaneous use of 
3 single crosses as testers (BOJANOWSKI, 1964). Such 
systems of testing are applied by  several breeders. 
In special cases one of the single crosses could play 
the role of a special " smu t  resistance" tester. I t  
would have to be used as the pollen parent  because 
of an expectedly high incidence of smut  galls reducing 
its productivi ty.  
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Z u s a m m e n f a s s u n g  

An resistenten und anfitlligen Mais-Inzucht- 
linien, deren F1-Hybriden und deren F~- und 2; 8- 
Generationen wurde die Reakt ion auf Ustilago 
maydis untersucht.  Beztiglich der genetischen Pr~- 
potenz zeigten sich bei den Inzuchtlinien deutliche 
Unterschiede. Die Spaltung war polygen. Es wurde 
die Methode der Priifung der Kombinationsf~higkeit  
angewandt  und die allgemeine (a~) und spezielle (a~) 
Kombinationsfiihigkeit gescNitzt. Sowohl addit ive 
wie nicht-addit ive Genwirkung wurde gefunden. 
Ftir die Resistenzztichtung werden Kreuzungen mi t  
besonders anfiilligen Testern vorgeschtagen. 
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