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Genetic Studies in an Exotic Population of Corn (Zea mays L.) 
Grown under two Plant Densities 

I. E s t i m a t e s  o f  G e n e t i c  P a r a m e t e r s  1 

SUBANDI, and W. A.  COMPTON ~ 

D e p a r t m e n t  of A g r o n o m y ,  U n i v e r s i t y  of Neb ra ska ,  Lincoln ,  N e b r a s k a  (USA) 

Summary. Progenies of a Design I I  [Comstock and Robinson (1948)] using random S 1 lines from an exotic population 
of corn (Zea mays L.) were evaluated in a randomized incomplete block design with two replications at  two plant-  
populat ion densities (I 7,222 plants /ha  and 68,888 plants/ha) in t 970 and t 97t, a t  Lincoln, Nebraska. Five t ra i ts  were 
studied i.e. grain weight, number  of ears, days to flower, p lant  height and ear height. 

Under both densities the est imates of addit ive genetic variance were much larger than those of dominance genetic 
variance for all traits.  The rat io of dominance to addit ive genetic variance est imates was less than 0.5 suggesting tha t  
for the major i ty  of loci controlling the traits ,  par t ia l  to complete dominance is likely. 

The est imates of addit ive genetic • year  interaction variance were high and significantly different from zero under 
both densities, indicat ing tha t  est imates of addit ive genetic variance in this  population obtained from experiments 
conducted in only one year  may be seriously biased. The est imates of dominance genetic • year  interaction variance 
were not  significant and most of them were negative. 

Under both densities high genetic inter-relationships were indicated between grain weight and number of ears, days 
to flower and plant  height, days to flower and ear height, and plant  height and ear height. 

Even though there was a large difference between the two densities used in the study, the differences between the 
est imates of genetic parameters  were not  significant in all cases. 

The sample size of S 1 plants  representing each So parent  in the crossing nursery used in the present  s tudy (l 1.75) 
caused a small upward bias in the est imates of addit ive genetic variance, but  i t  caused an upward bias in the est imates 
of dominance genetic variance of 6 - - 7 %  of the to ta l  genetic variance. 

I t  is suggested t t lat  a t ra i t  such as grain weight should be expressed on a unit  area basis when genetic parameters  
(except for correlation and the rat io between two values) obtained from experiments with different plant-populat ion 
densities are to be compared. 

Introduction 
I n f o r m a t i o n  on the  r e l a t ive  levels  of va r ious  com- 

ponen t s  of genec t ic  va r i ance  is of va lue  to  p l a n t  
b reeders  as a guide  in choosing a p r o p e r  b reed ing  
m e t h o d  for a p a r t i c u l a r  set  of m a t e r i a l  unde r  g iven  
c i rcumstances .  Tile choice of a p l a n t - p o p u l a t i o n  
d e n s i t y  in which  to  p rac t i ce  se lec t ion  is a p r o b l e m  
because  of poss ib le  i n t e r ac t i on  of g e n o t y p e s  wi th  
p l a n t - p o p u l a t i o n  d e n s i t y  and  differences in he r i t -  
a b i l i t y  unde r  d i f fe ren t  p l a n t - p o p u l a t i o n  densi t ies .  
Numerous  pub l i shed  r epo r t s  on the  e s t ima te s  of 
gene t ic  va r i ances  have  been  b a s e d  on s tud ies  con- 
d u c t e d  in on ly  a single p l a n t - p o p u l a t i o n  dens i ty .  
S tud ies  of gene t ic  va r i ance  e s t ima te s  u n d e r  d i f fe ren t  
p l a n t - p o p u l a t i o n  dens i t ies  have  been  needed  to  
p rov ide  b reeders  i n f o r m a t i o n  a b o u t  d i f ferences  in 
gene t ic  and  p h e n o t y p i c  va r iances  and  g e n o t y p e  b y  
d e n s i t y  i n t e r ac t i on  in d i f ferent  densi t ies .  
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The  f i rs t  ob j ec t ive  of th is  s t u d y  was to  o b t a i n  
e s t ima te s  of gene t ic  p a r a m e t e r s  invo lv ing  five t r a i t s  
unde r  two d i f fe ren t  p l a n t - p o p u l a t i o n  dens i t ies  and  to  
i nves t iga t e  t he  effect  of the  l a t t e r  on the  es t ima tes .  
A second ob jec t ive  was to  deve lop  i n f o r m a t i o n  which  
would  a id  in the  choice of a p l a n t - p o p u l a t i o n  d e n s i t y  
in which  select ion is to be p rac t i ced .  

This  p a p e r  r epor t s  r esu l t s  r e l evan t  to  the  f i rs t  
ob jec t ive .  The  resu l t s  of t i le  e x p e r i m e n t  p e r t i n e n t  
to  the  second ob jec t ive  will  be  r e p o r t e d  in a s e p a r a t e  
paper .  

Material and Methods  
The maize populat ion used was Gasp~ • Colombian, 

a cross between one Canadian var ie ty  (Gasp6) and three 
Colombian variet ies (Eto, Nari~o 330 and Peru 330). 
By 1967, the cross had been random mated  for 6 gene- 
rations in an isolated field at  Lincoln, Nebraska.  Except  
in the third generation in which ear-to-row selection was 
employed, only mild adapt ive  selection was pract iced 
throughout  the generations of random mating. 

The Design I I  mat ing system (Comstock and Robinson, 
1948 and 1952) was used to produce half-sib and full-sib 
families utilized for est imation of genetic parameters .  
In  1968, 240 random S I lines were produced and used 
to represent S O plants  in the populations.  Those S 1 lines 
were divided into 40 sets of six lines. Each set was divided 
into two groups of 3 lines, which were arbi t rar i ly  desig- 
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n a t e d  as ma le  a n d  female  groups,  respect ive ly .  In  1969 
all  possible  crosses be tween  t he  male  a n d  t h e  female  l ines 
w i t h i n  each  set  were m a d e  to  p roduce  fuU-sib famil ies .  
P l a n t s  in  b o t h  ma le  a n d  female  l ines were used on ly  once, 
e i t he r  as ma les  or  as females.  I n  ra re  c i rcumstances ,  
due  to  a d i f ference in  da t e s  of f lower ing  or insuf f i c ien t  
n u m b e r  of ava i l ab le  p lan t s ,  one S 1 p l a n t  was  used more  
t h a n  once  in  t he  cross. In  t h e  w i n t e r  of t 9 6 9 - - t 9 7 0 ,  
a d d i t i o n a l  crosses were m a d e  in  F lo r ida  for  those  pa i r s  
w i t h  a smal l  n u m b e r  of crossed  ears.  Because  of t h e  
l imi ted  e x p e r i m e n t a l  a rea  on ly  32 se ts  of cross-progenies  
w i t h  t he  h i ghes t  h a r m o n i c  m e a n  of t he  n u m b e r  of S x 
p l a n t s  r ep r e s en t i ng  So p l a n t s  in  t h e  pa i r  crosses were 
g rown in th i s  s tudy .  

In  1970 a n d  t971 t he  t h i r t y - t w o  sets  of n ine  p rogen ies  
were p l a n t e d  in  a r a n d o m i z e d  incomple t e  b lock  des ign  
w i t h  two  rep l ica t ions  a n d  two  p l a n t - p o p u l a t i o n  densi t ies .  
E a c h  b lock  c o n t a i n e d  a d i f fe ren t  set  of n ine  progenies .  
Two row p lo t s  of 381 cm in  l e n g t h  w i t h  a d i s t ance  of 
76.2 cm be t w een  rows were used. A t  t h e  low dens i ty ,  t h e  
hil ls  were spaced  76.2 cm apa r t .  Two seeds  were p l a n t e d  
in  a hi l l  a n d  t he  seedl ings  were t h i n n e d  to  one  p l a n t  
pe r  hill,  m a k i n g  a p l a n t - p o p u l a t i o n  dens i t y  of 17,222 
p l a n t s / h a .  A t  t h e  h i g h  d e n s i t y  t h e  hi l ls  were spaced  
38.t cm apa r t .  Th ree  seeds  were p l a n t e d  in  a h i l l  a n d  
t h e  seedl ings were t h i n n e d  to  two p l a n t s  p e r  hill ,  l eav ing  
a p l a n t - p o p u l a t i o n  dens i t y  of 68,888 p l a n t s  pe r  hec ta re .  
Sweet  corn  was  p l a n t e d  in  t h e  aisles. P u r p l e  m a r k e r  corn  
was p l a n t e d  in  t he  b o r d e r  rows a n d  t r a n s p l a n t e d  i n to  
miss ing  hil ls  to  p rov ide  compe t i t i on .  Only  c ompe t i t i ve  
p l a n t s  were h a r v e s t e d .  T he  e x p e r i m e n t s  were c o n d u c t e d  
accord ing  to  s t a n d a r d s  of t he  Corn Breed ing  P r o g r a m  a t  
t he  U n i v e r s i t y  of Neb ra ska .  

D a t a  were r ecorded  for  t he  fol lowing t r a i t s :  1. G r a i n  
we igh t  a t  15.5% moi s tu re  c o n t e n t  (kg/p lo t  a n d  g r a m /  
p lan t )  ; 2. n u m b e r  of ears  pe r  p lo t  a n d  pe r  p l a n t ;  3. n u m b e r  
of days  f rom p l a n t i n g  to  w h e n  50% of t h e  p l a n t s  in  a p lo t  
were shedd ing  pol len  ; 4. p l a n t  h e i g h t  (cm) ; 5. ear  h e i g h t  
(cm). P l a n t  a n d  ear  h e i g h t  were m e a s u r e d  f rom t0  com- 
pe t i t i ve  p l a n t s  w h e n e v e r  possible.  

To o b t a i n  w i t h i n  p lo t  v a r i a t i o n  for  g ra in  weight ,  one  
p lo t  was  r a n d o m l y  chosen  f rom each  block,  m a k i n g  a t o t a l  
of 32 p lo t s  in  each  yea r  for t he  low dens i ty .  A t  t h e  h i g h  
dens i ty ,  one p lo t  was  r a n d o m l y  chosen  f rom eve ry  o the r  

block, p r o v i d i n g  a t o t a l  of 16 p lo ts  in  each  year .  Six 
i n n e r  hil ls  a t  t he  low a n d  e igh teen  a t  t he  h igh  dens i t y  in  
each  of t he  chosen  p lo t s  were h a r v e s t e d  on  a n  i n d i v i d u a l  
p l a n t  basis.  

The  c o m b i n e d  ana lyses  of v a r i a n c e  a n d  cova r i ance  a t  
each  dens i t y  (Table  t) were p e r f o r m e d  to  o b t a i n  e s t i m a t e s  
of c o m p o n e n t s  of va r i ance  a n d  cova r i ance  be tween  pa i r s  
of t r a i t s .  The  c o m p o n e n t s  of va r i ance  a n d  covar i ance  
were e s t i m a t e d  as l inea r  func t ions  of t he  m e a n  squares  
a n d  m e a n  p roduc t s .  The  a s s u m p t i o n s  for  t he  d e r i v a t i o n  
of m e a n  squa re  e x p e c t a t i o n s  a n d  gene t ic  i n t e r p r e t a t i o n s  
of t h e  va r i ance  c o m p o n e n t s  were g iven  b y  Comstock  a n d  
R o b i n s o n  (1952). Gene t i c  i n t e r p r e t a t i o n  follows t he  
fo rmulae  g iven  b y  Cocke rham (1956) a n d  e x t e n d e d  b y  
Jones  a n d  C o m p t o n  (t973) as follows: 

~} = Coy. H S  -- 4 ~ 

which  al lows t h e  e s t i m a t i o n  of 

0.~ as 
1 

t + - -  
2 m 1 

M F - -4-- - -  G A -~ 

I sAr + 
k I + 4 m J  v j  

which  enab les  t he  e s t i m a t i o n  of a~ as 

where :  a} is t he  pooled  v a r i a n c e  due  to  gene t ic  differ-  
ences  a m o n g  males  a n d  a m o n g  females  w i t h i n  b locks ;  
Coy. H S  is cova r i ance  a m o n g  hal f -s ib  i nd iv idua l s ;  m x is 
t he  h a r m o n i c  m e a n  of t he  n u m b e r s  of S 1 p l a n t s  r ep resen t -  
ing  each  S o p l a n t  in  t h e  ha l f -s ib  famil ies .  A s s u m i n g  t h a t  
each  S 1 p l a n t  was  used on ly  once to  r ep re sen t  a ha l f -s ib  

Tab le  1. Portion of  the form of analysis of  variance for data of progenies produced in a Design I I  mating system grown 
at one plant-population density in two years 

Source of variation d.f. M.S. Expectat ion of mean squares 

Males & Females  b (m + f --  2) M~ 0.2 + r a2MF y 
(Z) /Blocks  (B) 
Males (M)/B b ( m  - -  l )  M 6  0.2 21_ T. tY2MF r 

Females (F)/B b ( f  - -  ] )  M 7 0 .2 ~- r 0.2MF r 

M • FIB b (m -- f) ( f  -- 1) Ms 0.2 A c r 0.~/FY 
Z • Y (Years ) /B  b ( m + f - - 2 ) ( y - -  1) M 9 a 2 + r a ~ t F y  

M • Y / B  b (m -- 1) (y --  1) M10 a 2 -~- r G~/F y 
2 F • Y / B  b ( f -  f) (y -- 1) Mn 0.2 + r ~7MF y 
2 M • F • Y / B  b (m --  I) ( f - -  1) (y --  1) M12 0.2 + r GMF V 

E r r o r  b y (m f --  1) (r - -  1) M13 0.2 

+ r n a ~ y  + ry0.2UF + r n y a }  

2 + r f 0 . ~ y  ~- r y  0.~MF + r f y  ff M 
+ r m 0.~ y + r y a~2: + r m y a} 

+ r y a ' ~ F  
+ r n a ~ y  

+ r fa2My 
+ r m a ' ~ y  

P l a n t s  w i t h i n  p lo t s  ~ '  (wi --  1) M14 0.~ 

b, m, f, y, r = number  of blocks, males per block, females per block, years, and replications, respectively, n = m = / i n  this 
experiment,  wi = number  of plants in the ith plot in which individual plant  data were taken. Mi  ~ the value of the itl~ mean 
square. 0.~t and 0.~ ~ variances due to genetic differences among males and among females within blocks, respectively, a~ = the 
pool of a ~  and 0.~ = Coy. HS. ~]IF = variance due to interaction of male and female genotypes within blocks = Coy. FS  -- 
-- 2 Coy. HS. a2My and a~y = variances due to interaction of males and years and of females and years, respectively. O'~y = the 
pool of a2My and a2Fy. aMFy2 _-- variance due to interaction of males, females and years, a 2 = error variance, a~v' = variance 
among plants within plots due to genetic and environmental  differences among individuals of the same family. 
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family,  rnx = 35.25 in  the present  exper iments ;  a~ is the  ~" 
addi t ive  genetic var iance;  a~v  is the  var iance  due to 
in te rac t ion  of male and  female genotypes wi th in  blocks; 
Cov. F S  is the  covariance among full-sib individuals ;  rn~ 
is the harmonic  mean  of the numbers  of S~ p lants  represent-  
ing each S o p lan t  in  the  full-sib families (in the  present  
exper iments  m~ = t 1.75) ; and  a~ is the dominance  genetic "~ 
variance.  

The s t andard  error of the es t imate  of ~ for each t ra i t  
was computed  using the following formula : ~ .~ 

~ + ~  ~ -~ 

where : M~ is the ith mean  square in  the funct ion associated ~ 
wi th  ~ ,  f~ is the  degrees of freedom associated wi th  Mi; ;~ P,. 
k~ is the  divisor of the  funct ion,  which is the coefficient ~ 
of a} in  the expecta t ions  of mean  squares;  m~ has a l ready ~ 
been defined. The s t andard  error of the  es t imate  of @ 
for each t r a i t  was computed  ut i l iz ing the following ,-~ r 
formula  : ~ ,~ 

2__ + , l '  
~ ' ~  

where : M i is the jth mean  square in the funct ion associated ~ .~ 
wi th  a~F;  fi  is the  degrees of freedom associated with Mi ; ~. 
k~ is the divisor of the funct ion,  which is the  coefficient & ~z 
of a~F in  the expecta t ions  of mean  squares ; Mi, fi, hi, m~, ~ ~.~ 
and  m~ are a l ready described;  /I//1 is the  I th mean  square - ~ 
involved in  the  es t imat ion  of bo th  a} and  O'MF , fl is the ~ 
degrees of freedom associated wi th  M v .~ 

The same procedure was applied for the es t imat ion  of ~ .~ 
var iances  due to genetic • year  effects and  their  s t andard  .~ ~ 
errors. 

The addi t ive  genetic correlat ion between each pair  of m 
t ra i t s  was calculated according to the  folIowing rela- ~ 
t ionship  : ~ 

a~(~) 
rA(pq) , ~  ~ ~ ;'~ 

where:  rA(pq) is the addi t ive  genetic correlat ion coefficient .~ 
between the  pth and  the  qth t ra i t s ;  a~(t~q) ^~ is the  pooled 
es t imate  of the  male and  the female components  of ~ 
covariance between the  pth and  the  qth t ra i t s ;  a~(#) ^~ and  ~ ~ '~ 
~(q) are the pooled es t imates  of the male and  the female ~ 
components  of var iance  for the pth and  the  qth traits ,  ~ 
respectively. S tandard  errors of the es t imates  of addi t ive "~ 
genetic correlat ion coefficients were computed  following ~ ,~ 
the  procedure given by  lV[ode and  Robinson  (1959). 

An es t imate  of a genetic pa ramete r  is s ignif icant ly ~ a 
different  from zero at  P = .05 or .01 if i ts  confidence ~ 
in te rva l  at  t ha t  level of p robab i l i ty  does no t  overlap zero. 
Two es t imates  of genetic parameters  are considered 
s ignif icant ly  different  from each other  if the i r  confidence 
in tervals  do no t  overlap each other  at  P = 0.10. "~ 

N Experimental Results 
E s t i m a t e s  of t h e  c o m p o n e n t s  of g e n o t y p i c  v a r i a n c e  

a n d  g e n o t y p e  • y e a r  i n t e r a c t i o n ,  t h e i r  s t a n d a r d  er-  

<~ dd do dd dd dd 

~C,l o'~ k'q o~r-. 

00~-. O,l~ O0 o-~.-~ ,~-e~ 0o0 b-O', 

2dN -~N ~ N  ~+{-~N NN ~ N  I 
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~o~ o7 ~ 

0 
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Ot 
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rors, and the ratios of the estimates are presented in "7 
Table 2. The additive genetic variance estimates 
were significant for all traits at each density. The 
dominance genetic variance estimates were signi- 
ficant for all traits at the low density. They were 
significant for three out of five traits at the high 
density. Dominance genetic effects for all traits 
at each density contribute only 30% or less to the 
total genetic variance. The ratios of dominance to 
additive genetic variance estimates for all traits at 
each density were less than 0.50. I t  would be unlikely 
that  the frequency of favorable genes at a segregating 
locus (q) > 0.9 in this population since only mild 
adaptive selection was practiced during the deve- 
lopment of the material. Neither is it likely that  
the degree of dominance is the same for all loci. 
Therefore, using the procedure of Robinson et al. 
(1955) the ratios of the estimates of dominance to 
additive genetic variance for all traits at both den- 
sities suggest that  overdominance was not prevalent 
in causing genetic variation in the traits studied. 
This agrees well with the finding of many other 
investigators. 

Estimates of additive genetic X year variance 
were significant for all traits at each density. None 
of the dominance genetic • year variance estimates 
were significant at either density, and, in fact, most 
of the estimates were negative. 

The estimates at the low and the high densities 
were significantly different from each other only for 
additive genetic, additive genetic x year, and domi- 
nance genetic variances for "grain weight and number 
of ears expressed on a per plant basis. The corres- 
ponding estimates for grain weight and number of 
ears expressed on a unit area basis were not signi- 
ficant. 

Estimates of additive genetic correlation coeffi- 
cients and their standard errors are presented in 
Table 3. Grain weight and number of ears, and pairs 
of traits among days to flower, plant height and ear 
height were highly significantly correlated at each 
density. The remaining genetic correlation coeffi- 
cients between pairs of traits at each of the densities 

were low and mostly non-significant. The magnitude 
of the estimates at the two densities was not signi- 
ficantly different at P = . t0 for any pairs of traits. 

Within plot variance estimates for grain weight 
were computed from individual plant data collected 
from the sampled plots. This variance was used to 
calculate the plot-to-plot component of error va- 
riance. Using the estimates of genotypic components 
of variance and their interaction with years the 
within-plot variance due to environmental effects 
was also computed. The results (Table 4) showed 
that  the plot-to-plot variance was a smaller portion 
of the error variance, particularly at the low density, 
and the within-plot variance was mainly due to 
environmental effects, especially at the high density. 

Discussion 

Several of the assumptions needed for the deri- 
vation of the mean square expectations and the 
genetic interpretations, which were not satisfied and 
could cause a bias in the estimates of genetic para- 
meters studied, will be briefly discussed. With re- 
spect to random mating, even though crosses between 
members of paired lines were made in both ways, two 
different dates of planting would have better avoided 
any possible deviation from random crosses. The 
present study was conducted at a single location and 
the results were confounded with genotype • location 
interaction. Further discussion will not refer to this 
bias. 

According to Comstock and Robinson (1952) it 
appears safe to assume no non-genetic maternal effect 
for many characters or no consequence of its pre- 
sence, but F tests indicated different results for 
M • Ds and F • Ds associated with grain weight 
and number of ears and for M • Ds • Y and 
F • Ds • Y associated with three out of five traits 
[Table 2, Subandi and Compton (1973)]. These 
differences could partly be due to the relatively small 
size of the sample used. Aberration segregation 
during meiosis could have occurred but the frequency 
was possibly too low to have significant influence on 
the estimates. Bias in the estimates of genetic 

Table 3. Estimates of additive genetic correlation coefficients between pairs of  traits obtained from combined analyses 
over 2 years (I97o and 1971 ) at each density 

No. of ears Days to flower Plant height Ear height 

Grain weight 0.834** 4-0.050 0.229 4-0.117 0.2t9 :tz0.1t7 0.226* 4-0.113 
0.605** 4-0.107 --0.t27 4-0.124 0.070 4-0.130 --0.040 4-0.126 

No. of ears 0.t68 4-0.1tl 0.118 4-0.1t3 0.207 4-0.106 
--0.t17 4-0.12o --0.083 4-0.t27 0.084 4-0.120 

Days to flower 0.748** 4-0.050 0.778** 4-0.042 
0.765** J:0.051 0.787** • 

Plant height 0.845** • 
0.815"* 4-0.037 

1 Upper figures are at the low and lower figures are at the high density. 

Theoret. Appl.  Genetics, Vol. 44, No. 4 



Subandi and W. A. Compton: Genetic Studies in an Exotic Population of Corn. I. t57 

Table 4. Within-plot and plot components of error variance for grain weight (g/plant) from data combined over two years 

Density 

Low 

High 

at each density 

Within plot component 
No. of No. of plants No. of plants Error b Plot 
plots per plot component Total e Due to 

environment sampled w a sampled r# o.~l ~ f  
~llre 

64 9.6 384 1359.90 t79.60 1t330.80 8459.79 
4-84.82 4-125.88 4-892.99 +1003.07 

32 36.5 960 149.56 69.58 2919.05 274t.99 
4- 9.32 -t- 1 0 . 0 3  +135.36 -}- 139.62 

a w = harmonic mean 

c ~r~v = [0.47873 (cr~ + a~t~') + 0.72341 (% + ~rj~y)] + o'~: e 

parameters  due to linkage disequilibrium is believed 
to have been extensively reduced since the material  
had undergone six generations of random mating. 
Epistasis could be a source of upward bias, but  
experimental  evidence accumulated so far indicates 
tha t  in heterogeneous populations epistasis contributes 
only a minor portion of the total  genetic variance for 
some characters including yield (Eberhart  et al. t966; 
Stuber et  al. 1966; Stuber and Moll, t969; Sentz, 
1971). 

The estimates of genetic parameters  in this s tudy 
have been calculated using formulae given by  Jones 
and Compton (t973). One of several assumptions 
associated with their formulae is tha t  the number  of 
plants measured from a cross is much larger than the 
number  of S] plants used to represent an S o parent  
in a part icular  cross. In  the present s tudy the perfect 
number  of plants per plot was only t0 at the low 
density while the harmonic mean of the number  of S x 
plants used to represent S o parents  is 11.75. Thus, 
the experiment  at  the low density did not fulfill the 
assumption. Another  assumption is tha t  each S~ 
plant  is used only once in the cross. In the present 
s tudy S~ plants  were used more than once in rare 
instances. Unfortunately,  no records were kept  on 
the number  of times each S t plant  was used in crosses 
so tha t  no adjus tment  could be made. The bias of 
the estimates,  however, is believed to be very small. 

To determine the effect of the number  of Sx plants 
representing each S o parent  in the crossing nursery, 
the est imates of the components  of genetic variance 
and their interaction with years were calculated using 
formulae given by  Cockerham (1956). For purposes 
of discussion, the estimates will be referred to as 
uncorrected estimates and those calculated with 
Jones and Compton 's  formulae as corrected estimates.  
The difference between the uncorrected and the cor- 
rected estimates of the components  of genetic va- 
riance and their interaction with years expressed in 
percent of the corrected tota l  genetic and genotypic 
• year  interaction variances (Table 5) were in the 
order of t % ,  6 to 7%, I to 4%, and --3 to 7%, for 

the additive, the dominance, the additive • year, 
and the dominance • year  interaction variances, 
respectively. Without  correcting for the sample size 
the dominance genetic variance for all t rai ts  at both 
densities and the dominance • year  interaction va- 
riance for grain weight and days to flower at the high 
density were highly overestimated.  However,  with 
corrected formulae, more mean squares are involved 
in the estimation of the dominance genetic variance 
and its interaction with years than is usually the case 
with DII .  This m a y  offset the superiori ty of D I I  
over D I  in the precision of est imating ~ and ~ y  as 
already pointed out by  Jones and Compton (t973). 

Despite the large difference between the two density 
levels used in this study, significant differences be- 
tween the two estimates were found only for the 
additive, dominance,  and additive genetic • year 
interaction variances for grain weight and number  of 
ears expressed on a per plant  basis. However,  since 
each plant  occupies a space, and the final interest is 
yield per unit area, it would be meaningful to measure 
these two trai ts  on a unit area basis when two density 

Table 5. Difference between uncorrected and corrected 
estimates of additive (A~)) and dominance genetic (A~/~) 
variance and their interaction with years (A~f~y and A6~y) 
expressed in percent of the corrected total genetic ( ~  + ~ )  
variance and their interaction with years (~]y + ~)y) 

Traits Density 

In % of In % of 

Grain weight Low 1.0 7.2 I. 5 5-4 
High 1.1 6.9 1.1 6.8 

No. of ears Low 1.t 6.7 1.9 4.t 
High 1.3 6.9 2.9 2.9 

Days to flower Low 1.2 6.4 3.6 2.0 
High 1.3 6.4 1.5 5-7 

Plant height Low 1.1 6.7 2.3 2.6 
High 1.1 6.7 3.8 --2.6 

Ear height Low 1.3 6.3 2.3 2.7 
High 1.2 6.3 1.5 5.4 
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Table 6. Values of additive and dominance genetic variance estimates and their ratios for synthetic and composite populations 

Density Populations* Reference Design Env.** (plants/ha) 
~,~ � 9  �9 % , ,  �9 

g/plant q/ha g/plant q/ha 

Corn Belt Composite Goodman, 1965 I t (Iowa) ? 778 -- 171 
I I (N.C.) ? 224 475 

West Indian Composite Goodman, 1965 I I (Iowa) ? 1820 0 
I I (N.C.) ? 528 290 

Minn. Synth. 3 Sentz, 1971 I 4 32,000 or 32,500 289 30.06 243 25.27 
II  3 32,500 174 18.38 t32 13.94 

Krug • Tabloncillo Shauman, 1971 II I 34,400 301 35.62 147 17.40 
51,700 233 62.28 77 20.58 

Gasp6 • Colombian Present study II  2 17,222 2932 86.96 1 2 7 6  37.85 
68,888 17t 81.16 56 26.58 

* The populations have been random mated at least for 5 generations, and for D lI by Sentz the population has been selfed 
for 5 generations. 

In Shauman's and present study S 1 lines have been used to produce F.S. progenies. 
* * Environment includes years and locations. 
? No plant population density was reported. 
*** For estimates that were given in terms of a~ and a~: in D I, a~ and a~ have been calculated as 4 a~/and 4 (a~ -- a~), 

respectively. 
Shelling percentage is assumed to be 80% for conversion of data reported for ear corn. 

effects are to be compared. When the traits were 
measured on a unit area basis, the two estimates 
were not significantly different (Table 2). Thus, on 
a unit area basis, there was no significant difference 
in the magnitude of the genetic parameters measured 
at two densities for any of the traits studied. 

Results of genetic variance studies are usually 
reported on a per plant basis. Several reports failed 
to mention plant-population densities, so no con- 
version to a unit area basis could be made. Whether 
genetic and genetic • environment interaction vari- 
ance estimates are expressed on a plant or a unit 
area basis, there is no problem as long as only one 
plant-population density is concerned. Such differ- 
ences in the units of measure are a matter  of simple 
mathematical coding. However, when the magnitude 
of genetic variance estimates obtained from experi- 
ments with different plant-population densities are 
to be compared, the estimates need to be expressed 
on a unit area basis. This is based on the following 
considerations: 1. Each plant occupies a space and 
the ultimate interest in a trait  such as yield is on a 
unit area rather than plant basis. 2. Results from 
this s tudy indicate that  differences in the magnitude 
of the estimates of a~, ~ and ~ v  for grain weight 
and number of ears at the two densities depend on 
the unit of measure. 3. Plant-population densities 
used in various reported studies on the estimates of 
genetic variance range widely, possibly from about 
20,000 (Lindsey et al. 1962) to 50,000 plants per 
hectare (Shauman, t97t). 

To illustrate that  the units of measure used in 
estimating genetic variances from experiments with 
different plant-population densities influence the 
interpretation of the data, results from some studies 
with synthetics and composite populations are pre- 

sented for comparative purposes in Table 6. Such 
comparisons will not provide very precise information 
because of differences in materials, sample sizes, 
designs and environments from one study to another 
but are useful to provide a general picture of the 
results obtained with similar materials. In fact, 
similar comparisons have appeared but only with 
the unit of measure on a plant-to-plant basis. Note 
that some differences become much smaller while 
others are much larger as the unit of measure is 
changed. I t  is, therefore, suggested that for purposes 
of comparing the magnitude of genetic variance 
estimates obtained from different studies involving 
different plant-population densities, the values should 
be expressed on a unit area basis to reduce error in 
making general inferences. Reports on the estimates 
of genetic parameters should be accompanied by 
information on the plant-population density used to 
allow conversion of the unit of measure. Data  in 
Table 6 indicate that  the amount of a~ expressed on 
a unit area basis, decreases in the populations in the 
order of Gasp6 • Colombian, Krug • Taboncillo and 
Minn. Synth. 3, which is reasonable since the popu- 
lations could be classified as exotic, exotic X adapted 
variety, and adapted narrow base synthetic respect- 
ivelv. 

Since the planting rate was not reported in Good- 
man's  (1965) study, comparison is not possible be- 
tween the estimates obtained from Gasp6 x Colom- 
bian and the West Indian Composite, both of which 
possess wide genetic diversity. 
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