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Abstract Best linear unbiased prediction (BLUP) has 
been found to be useful in maize (Zea mays L.) breeding. 
The advantage of including both testcross additive and 
dominance effects (Intralocus Model) in BLUP, rather than 
only testcross additive effects (Additive Model), has not 
been clearly demonstrated. The objective of this study was 
to compare the usefulness of Intralocus and Additive Mod- 
els for BLUP of maize single-cross performance. Multilo- 
cation data from 1990 to 1995 were obtained from the hy- 
brid testing program of Limagrain Genetics. Grain yield, 
moisture, stalk lodging, and root lodging of untested sin- 
gle crosses were predicted from (1) the performance of 
tested single crosses and (2) known genetic relationships 
among the parental inbreds. Correlations between pre- 
dicted and observed performance were obtained with a de- 
lete-one cross-validation procedure. For the Intralocus 
Model, the correlations ranged from 0.50 to 0.66 for yield, 
0.88 to 0.94 for moisture, 0.47 to 0.69 for stalk lodging, 
and 0.31 to 0.45 for root lodging. The BLUP procedure 
was consistently more effective with the Intralocus Model 
than with the Additive Model. When the Additive Model 
was used instead of the Intralocus Model, the reductions 
in the correlation were largest for root lodging (0.06-0.35), 
smallest for moisture (0.00-0.02), and intermediate for 
yield (0.02-0.06) and stalk lodging (0.02-0.08). The ratio 
of dominance variance (vD) to total genetic variance (VG) 
was highest for root lodging (0.47) and lowest for mois- 
ture (0.10). The Additive Model may be used if prior in- 
formation indicates that V D for a given trait has little con- 
tribution to V G. Otherwise, the continued use of the Intra- 
locus Model for BLUP of single-cross performance is rec- 
ommended. 
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Introduction 

Best linear unbiased prediction (BLUP) has been found to 
be useful for predicting the performance of untested maize 
(Zea mays L.) single crosses (Bernardo 1994, 1995, 1996). 
Because of limited resources, maize breeders are unable to 
test all possible combinations between inbreds from two 
complementary heterotic groups that comprise a heterotic 
pattern. For example, a breeder may test only a few hun- 
dred, but not all 2500 single-cross combinations between 
50 inbreds in Heterotic Group 1 and 50 inbreds in Heter- 
otic Group 2. In the BLUP procedure, the performance of 
untested single crosses is predicted from (1) the perfor- 
mance of tested single crosses and (2) known genetic re- 
lationships among the parental inbreds. In a large-scale 
study, correlations between predicted and observed perfor- 
mance of 4099 tested single crosses in 16 heterotic pat- 
terns ranged from 0.43 to 0.76 for grain yield, 0.75 to 0.93 
for grain moisture, 0.30 to 0.74 for stalk lodging, and 0.16 
to 0.53 for root lodging (Bernardo 1996). The correlations, 
especially for lodging traits, increased as larger numbers 
of single crosses were available in a given heterotic pat- 
tern. These results indicate that BLUP is useful for the rou- 
tine identification of superior single crosses prior to field 
testing. 

The importance of both testcross additive and domi- 
nance effects for maize grain yield has long been recog- 
nized, and in empirical studies dominance variance (VD) 
has constituted an average of 38% of the total genetic var- 
iance (VG) for yield (Hallauer and Miranda 1981). Test- 
cross additive and dominance effects were both included 
in the model for large-scale BLUP of maize single-cross 
performance (Bernardo 1996). In two preliminary studies, 
Bernardo (1994, 1995) compared correlations between 
predicted and observed yield when (1) both testcross ad- 
ditive and dominance effects (i.e., Intralocus Model) and 
(2) only testcross additive effects (i.e., Additive Model) 
were included in BLUR The correlations obtained with the 
Intralocus Model were only approximately 0.01 greater 
than those obtained with the Additive Model, indicating 



that dominance effects had little ~mpact in the predictions. 
But in the two preliminary studies, V D comprised only 6 
to 10% of VG. Because of the (1) small number of single 
crosses (54 and 67) and (2) atypical proportion of V G ac- 
counted for by V D in these two studies, generalizing the re- 
sults regarding the usefulness of Intralocus versus Addi- 
tive Models to other datasets is difficult. Also, the useful- 
ness of each genetic model has not been compared for traits 
other than yield. 

The objective of this study was to compare the useful- 
ness of Intralocus and Additive Models for BLUP of maize 
single-cross performance in large datasets wherein V D ac- 
counted for a substantial proportion (~-30% or more) of V G 
for grain yield. 

Materials and methods 

Data sets 

A total of 332 inbreds were assigned to seven different heterotic 
groups, arbitrarily designated A, B, C, D, E, F, and G. From pedi- 
gree records, coefficients of coancestry among inbreds were obtained 
by tabular analysis (Emik and Terrill 1949) that included modifica- 
tions to accommodate (1) complete inbreeding of parental inbreds 
and progeny and (2) nonequal parental contributions for inbreds ob- 
tained by backcrossing. The number of inbreds and average coeffi- 
cient of coancestry (in parentheses) in each heterotic group were: 32 
(0.124) in A; 50 (0.079) in B; 66 (0.193) in C; 34 (0.089) in D; 60 
(0.064) in E; 53 (0.040) in F; and 37 (0.107) in G. The heterotic 
groups A and B were related to the Iowa Stiff Stalk Synthetic (BSSS) 
population, whereas the other heterotic groups were unrelated to 
BSSS. 

Single-cross predictions were obtained with performance data 
from the regular hybrid testing program of Limagrain Genetics. Sev- 
en different cross combinations (i.e., heterotic patterns) between the 
heterotic groups were considered. The hybrid performance data set 
comprised the results from multilocation yield trials conducted by 
Limagrain Genetics from 1990 to 1995. Each multilocation yield trial 
was conducted at 2-16 locations in Illinois, Iowa, Wisconsin, Min- 
nesota, and Indiana (USA), Ontario (Canada), southwest France, or 
northern Italy in a randomized complete block design with one or 
two replicates at each location. The resulting dataset was highly un- 
balanced across multilocation trials but, disregarding occasional 
missing plots at individual locations, balanced within multilocation 
trials. The performance at each individual location was not consid- 
ered. Rather, each data point was the average performance of a sin- 
gle cross or check hybrid at several locations in a multilocation yield 
trial. Data were recorded for grain yield (quintals ha -1 at 15.5 % mois- 
ture) and the percentage of grain moisture, stalk lodging, and root 
lodging. 
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Estimation of genetic variances, residual variances, 
and yield trial effects 

Data analyses were performed separately for each heterotic pattern. 
Assume n single crosses were made between n 1 inbreds from Group 
1 and n 2 inbreds from Group 2. The single crosses, along with n c 
check hybrids, were evaluated in t different yield trials resulting 
in p total data points. In the mixed-model equations (MME) for sin- 
gle-cross prediction, the linear model assuming negligible epistasis 
was: 

y = X~ + Z0c + Z l a l +  Z2a2+ Zd + e 

where: y = p • 1 vector of observed performance for a given trait 
(i.e., hybrid by multilocation trial means); [3 = t x 1 vector of yield 
trial effects; c = nc • 1 vector of check hybrid effects; a 1 = nl • 1 
vector of testcross additive effects of Group 1 inbreds; a2 = n2 • 1 
vector oftestcross additive effects of Group 2 inbreds; d = n • 1 vec- 
tor of dominance effects; e = p x 1 vector of residual effects; and X, 
Z o, Z l, Z 2, and Z were incidence matrices of l ' s  and O's relating y 
to ~, c, a 1, a 2, and d, respectively. Multilocation yield trial effects 
were considered fixed, whereas all other effects in the model were 
considered random. 

Assume i and i' were two inbreds from Group 1 whereas j andj '  
were two inbreds from Group 2. The covariance between i x j  and 
i' x j '  was (Stuber and Cockerham 1966): 

Cov [(i •  (i' •  = fii" VA(1) + fJ3' VA(2) + fii" fjj" Vo 

where: VA(1)= summed (across loci) testcross additive variance 
of alleles from Group 1; VA(2)= summed (across loci) testcross 
additive variance of alleles from Group 2; V D = summed (across lo- 
ci) dominance variance of paired Group 1 and Group 2 alleles; 
fii' = coefficient of coancestry between inbreds i and i'; and fjj, = co- 
efficient of coancestry between inbreds j and j'. The random effect 
vectors c, al, a2, d, and e had zero means and the following covari- 
ances: 

Var 

0 001 
al 0 AlVA(l) 0 0 0 

2 = 0 0 A2VA(2) 0 0 

0 0 DV D 0 
0 0 0 RV R 

where V c = variance among check hybrids and Vr~ = residual vari- 
ance. 

The matrix elements were equal to fii" in A 1 f.., in A 2 and fii" fj~' 
�9 ~ J J  , j 

in D. The check hybrids were assumed to be unrelated and the co- 
variance of c was IV o where I was an identity matrix. In R, the off- 
diagonal elements were assumed to be zero, and the kth diagonal ele- 
ment was the reciprocal of the number of observations (locations) 
for the kth data point in y. For example, if the first element in y was 
the average performance of a single cross in a trial at four locations, 
the first diagonal element in R was 1/4. 

Solutions to [3, c, al, a2, and d were obtained by solving the fol- 
lowing MME (Henderson 1985): 

l~ ] F xtR-lx XrR-IZo 
/ f oi ,x Zo,  l o+Vo 

al / = / z, R- x Z,'R- Zo 
d2r ~Z2 "R-iX Z2"R-1Zo 

j LZ'R-~X Z'R-lZo 

I f00 C01 C02 C03 
|C lo  C11 C12 C13 

=/C20 C21 C22 C23 
1C30 C31 C32 C33 
~C40 C41 C42 C43 

X" R-1Z1 

Z0"R-IZ1 

ZI"R~IZ1 + V 1 

Z2"R-IZ1 
Z'R-1Z1 

Co41 r X ' R - l y  
C14 |/Zo R-my 
C24|1Z1 R-lY 
C341/Z~ r ly  
C44 / / Z R-lY 

X' R-1Z2 

Zo'R-1Z2 

ZI"R-1Z2 

Z2"R-IZ2 + V 2 
Z'R-1Z2 

x, .1z 1 Fx,. ly 
Zo'R-1Z I ~Xo R-ly 
ZI'R-AZ / / Z1 R-ly 
Z2"R-'Z / ~Z,z.'R-ly 
Z'R-1Z+V3~ L z R - l y  
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where: V0 = IVR/Vc; V1 = A1 -~ VR/VAo); V2 = A2 -1 VR/VA(2); 
V a = D -1 VR/VD; and the "-" sign as a superscript denotes a gener- 
alized inverse. Restricted maximum likelihood (REML) estimates of 
residual and genetic variances were obtained by iterating on (Hen- 
derson 1984, 1985): 

V R - - [y 'Rqy - (solution vector)' (right-hand side vector)]/ 
[p - rank (X)] 

V c = (c'c + V R t r  C l l ) / n  c 

VA(1) ~ (altAl-lal  + V R tr A1 -~ C22)/n 1 
VA(2) --- (a2'A2-1a2 + V R tr A2 -I C33)/n 2 
VI) = (d'D-ld + V R tr D -1 C4a)/n 

where tr = trace operator, i.e., sum of the diagonal elements of a ma- 
trix. 

Comparison of Intralocus and Additive Models 

For each heterotic pattern, the performance of the (nln 2 - n) = m un- 
tested single crosses was predicted from the performance of the n 
tested single crosses. Let yp be an n x 1 vector of average perfor- 
mance of tested single crosses, corrected for yield trial effects (i.e., 

from the solution of the MME): 

yp = ( Z ' R - 1 Z )  -1 Z'R -1 (y - X~). 

For the Intralocus and Additive Models, the performance for each 
trait of the untested single crosses was predicted as: 

YM = CMp CP 1 YP 

where: YM = m x 1 vector of predicted performance of the untested 
single crosses; CMp = m x n matrix of genetic covariances between 
the untested single crosses and the tested single crosses; and 
Cpp = n x n phenotypic variance-covariance matrix among the test- 
ed single crosses. Depending on the genetic model, the elements of 
CMp and Cpp [i.e., covariances between single crosses (i • j) and (i' • 
j ' )]  were calculated as: 

1, Intralocus Model: 
Coy [(i xj) ,  (i' •  = fii' VAO) + fjj' VA(2) + fii" fjj' VD 

2. Additive Model: 
Coy [(i x j), (i' x j ' ) ]  = fii" VA(1)+fjj" VA(2) 

For both models, the quantity VR/(kth diagonal element of the diag- 
onal Z'R-~Z matrix) was added to the kth diagonal element of Cpp. 

A cross-validation procedure was performed to evaluate the use- 
fulness of the Intralocus and Additive Models for predicting single- 
cross performance. Given n tested single crosses, the data for the first 
single cross were disregarded and predicted, for both the lntralocus 
and Additive Models, from the remaining n - 1 single crosses. The 
performance of the 2nd, 3rd . . . . .  nth single cross was likewise pre- 
dicted from the remaining n -  1 single crosses. The correlation 
between the predicted and observed performance (sample size of n) 
was calculated for each trait as an indication of the effectiveness of 
each genetic model. 

All the necessary computations were done with a modified ver- 
sion of lgHYPER�9 a proprietary FORTRAN 77 program written by 
the author for Limagrain Genetics. 

Results and discussion 

Means  and genet ic  var iances  

Different  test ing locat ions  were  used for each heterot ic  pat-  
tern, and the di f ferences  in means  of  y ie ld  tr ial  effects did  
not  necessar i ly  ref lect  the re la t ive  y ie ld  potent ia l  and ma-  
turi ty of  each heterot ic  pat tern (Table 1). Across  heterot ic  
pat terns,  mean stalk lodging  var ied  f rom 4.6% in C x D to 

6.5% in A x G ,  whereas  mean root  lodging  var ied  f rom 
2.8% i n B  x E to 4.1% i n C  x D .  

Genet ic  var iances  due to testcross addi t ive  effects [VA(1) 
and VA(2)] as wel l  as dominance  effects (VD) were impor-  
tant for y ie ld  (Table 1). The rat io of  V D to total  genet ic  var-  
iance [V~ = VAO ) + VA(2) + VD] ranged f rom 0.29 in B • G 
to 0.52 in A • G, with an average of  0.41 across the seven 
heterot ic  patterns.  Asympto t i c  var iances  have been pro-  
posed  but  found to be unre l iab le  (Chang 1988) as meas-  
ures of  prec is ion  of  R E M L  es t imates  of  var iances .  Hence,  
in format ion  on the prec is ion  of  the VA(1) , Va(2)  , VD, and 
VD/V G est imates  was not  avai lable .  Never theless ,  the VD/V ~ 
rat ios for y ie ld  in this s tudy were  comparab le  with the av- 
erage VD/V~ rat io of  0.38 repor ted  by Hal lauer  and Mi-  
randa  ( t  981) f rom summar ies  of  results  f rom 82 empir ica l  
studies in maize.  The  VD/V a rat ios in this s tudy indica ted  
that, in addi t ion to testcross addi t ive  effects,  dominance  
effects are necessary  for the charac ter iza t ion  of  genet ic  var-  
iabi l i ty  for y ie ld  in maize.  

For  mois ture ,  VD/V ~ ranged  f rom 0.05 in C x D to 0.15 
in A x G, with an average of  0.10 across the seven heter-  
otic pat terns (Table 1). Thus, the impor tance  of  dominance  
re la t ive  to testcross addi t ive  effects was less for mois ture  
than for yield.  Hal lauer  and Mi randa  (1981) also drew the 
same conclus ion,  but  they repor ted  a h igher  average VD/V a 
rat io of  0.19. For  lodging  traits, Hal lauer  and Mi randa  
(1981) found that es t imates  of  V D were  few and often neg- 
ative. In this study, VD/V ~ for s talk lodging  var ied  f rom 
0.05 in B • G to 0.39 for  B x F, with an average of  0.26. 
The VD/V G values  for root  lodging  ranged f rom 0.17 in 
B x F to 0.81 in B x E, with an average of  0.47. These  
VD/V G ratios ind ica ted  that testcross addi t ive  and domi-  
nance effects both  de te rmine  s talk and root  lodging  per-  
fo rmance  of  maize  s ingle crosses.  

Corre la t ion  be tween  pred ic ted  and observed  
per formance:  In t ra locus  versus  Add i t ive  Mode l s  

In the c ross -va l ida t ion  procedure ,  p red ic ted  s ingle-cross  
pe r fo rmance  was compared  with observed  pe r fo rmance  
but  not with the true, unknown genet ic  values.  Even i f  the 
corre la t ion  be tween  pred ic ted  and true genet ic  values  is 1, 
the corre la t ion be tween  pred ic ted  and observed  perfor-  
mance  cannot  be  greater  than the square root  of  her i tabi l -  
i ty (Bernardo 1996). Hence,  the square root  of  her i tabi l i ty  
(Table 2) sets a theoret ica l  upper  bound  on the corre la t ion 
be tween  pred ic ted  and obse rved  per fo rmance  and should  
be the reference  in interpret ing the correla t ions  obta ined  
with the c ross -va l ida t ion  procedure .  

For  the Int ra locus  Model ,  the corre la t ion  be tween  pre-  
d ic ted  and observed  per fo rmance  ranged  f rom 0.50 to 0.66 
for yield ,  0.88 to 0.94 for moisture ,  0.47 to 0.69 for s ta lk 
lodging,  and 0.31 to 0.45 for root  lodging  (Table 2). Across  
heterot ic  patterns,  the corre la t ion  coeff ic ients  for the Intra-  
locus Mode l  were  s ignif icant ly  different  (P=0.05)  f rom 
zero for all  four  traits. The corre la t ions  be tween  pred ic ted  
and obse rved  y ie ld  were  68% to 84% of  their  cor respond-  
ing upper  bounds ,  and seemed  suff ic ient ly  high for  p ick-  



Table 1 Means and genetic 
variances for yield (quintals 
ha l ) ,  moisture (%), stalk lod- 
ging (%), and root lodging (%) 
in seven heterotic patterns 
(Group 1 x Group 2) in maize 
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Group 1 Group 2 Number of single Yield Moisture Stalk Root 
crosses lodging lodging 

A E 232 Mean a 91.3 2 1.4 5.9 3.1 
•A(I) 9.26 2.67 6.77 0.33 
VA(2) 6.79 2.27 1.54 6.50 
V D 16.09 0.49 4.31 10.25 
VD/V G 0.50 0.09 0.34 0.60 

A F 206 Mean 92.0 22.3 5.4 3.8 
VA(1) 19.23 2.72 4.80 1.58 
VA(2) 1.79 2.60 0.59 3.04 
V D 17.91 0.76 2.17 3.79 
VD/V G 0.46 0.13 0.29 0.45 

A G 159 Mean 92.4 22.4 6.5 3.7 
VA(1) 9.97 2.45 3.17 1.68 
Va(2) 5.43 2.26 1.23 3.78 
V D 16.41 0.80 2.60 4.43 
VD/V a 0.52 0.15 0.37 0.45 

B E 301 Mean 93.9 23.0 5.8 2.8 
VAO ) 11.30 2.75 2.19 4.60 
VA(2) 12.03 1.94 4.53 4.41 
V D 11.24 0.52 3.23 38.07 
VlffV G 0.33 0.10 0.32 0.81 

B F 311 Mean 93.4 23.3 5.0 3.1 
VA(1) 12.71 3.43 1.30 1.56 
VA(2) 4.44 2.92 1.11 5.30 
V D 10.72 0.46 1.54 1.43 
VI~/V~ 0.38 0.07 0.39 0.17 

B G 208 Mean 93.9 23.8 6.1 3.4 
VA(1) 19.86 4.12 1.46 1.93 
VA(2) 10.78 2.52 8.16 2.67 
VD 12.78 0.62 0.46 2.97 
VD/V~ 0.29 0.09 0.05 0.39 

C D 352 Mean 92.6 24.1 4.6 4.1 
VA(I) 5.12 1.43 1.02 1.05 
VA(2) 14.86 1.48 1.22 3.92 
V D 13.50 0.16 0.21 3.36 
VD/V ~ 0.40 0.05 0.09 0.40 

Mean, Average of fixed effects of multilocation trials for each heterotic pattern; VAO ), variance due to 
testcross additive effects of Group 1 inbreds; VA(2), variance due to testcross additive effects of Group 
2 inbreds; VD, variance due to dominance effects; and VD/V c, ratio of V D to the total genetic variance 
(V G = VA(1) q- VA(2) -I- VD) 

the -winner  schemes (Robson  et al. 1967) that are charac-  
ter is t ic  o f  ma ize  hybr id  breed ing  programs.  Based  on the 
magni tudes  of  the corre la t ions  be tween  pred ic ted  and ob-  
served trait  values,  B L U P  of  the pe r fo rmance  of  untes ted 
single crosses  was most  effect ive  for mois ture  and least  ef- 
fect ive  for root  lodging.  

For  the Add i t ive  Model ,  the corre la t ion  be tween  pre-  
d ic ted  and obse rved  pe r fo rmance  ranged f rom 0.48 to 0.63 
for yield ,  0.86 to 0.92 for mois ture ,  0.47 to 0.68 for  s talk 
lodging,  and 0.07 to 0.35 for root  lodg ing  (Table 2). The 
corre la t ion  be tween  pred ic ted  and obse rved  root  lodging  
in A • F (r=0.07)  was not  s igni f icant ly  di f ferent  f rom zero 
(P=0.05).  For  the Add i t i ve  Model ,  the corre la t ions  
be tween  pred ic ted  and obse rved  y ie ld  were  65% to 79% 
of  their  co r respond ing  upper  bounds .  However ,  the corre-  
lat ions be tween  p red ic ted  and obse rved  per fo rmance  were  
cons is ten t ly  h igher  with the In t ra locus  M o d e l  than with the 
Add i t i ve  M o d e l  (Table 2). When  the s impler  Add i t ive  

M o d e l  was used ins tead of  the Int ra locus  Model ,  the cor-  
re la t ion be tween  pred ic ted  and obse rved  pe r fo rmance  was 
reduced  by  0.02 to 0.06 for yield ,  0.00 to 0.02 for mois -  
ture, 0.00 to 0.08 for  s talk lodging,  and 0.06 to 0.35 for 
root  lodging.  With in  each trait, no clear  re la t ionship  was 
noted be tween  VD/V ~ rat ios and the reduct ions  in the cor-  
re la t ion caused by  using the Add i t ive  M o d e l  ins tead o f  the 
Int ra locus  Model .  But the resul ts  ind ica ted  that the useful-  
ness of  In t ra locus  versus Addi t ive  Mode l s  var ied  among 
traits. For  mois ture ,  the corre la t ions  be tween  pred ic ted  and 
obse rved  values  were  high (=0.90) for ei ther  model .  These  
high corre la t ions ,  as wel l  as the smal l  d i f ferences  in the 
corre la t ion  be tween  pred ic ted  and observed  per fo rmance  
when the two mode l s  were  used,  sugges ted  that the Add i -  
t ive M o d e l  may  be sui table  for  rout ine  pred ic t ion  of  gra in  
mois ture  of  untes ted  single crosses.  

In contrast ,  corre la t ions  be tween  pred ic ted  and ob-  
served root  lodging  were  lowes t  among the four traits s tud- 



1102 

Table 2 Correlations between 
predicted and observed perfor- Heterotic 
mance when dominance effects pattern 
were included (Intralocus Mo- 
del) and excluded (Additive 
Model) in best linear unbiased A x E 
prediction of yield, moisture, 
stalk lodging, and root lodging 
in seven heterotic patterns of A x F 
maize 

Genetic model Correlation between predicted and observed performance 

Yield Moisture Stalk lodging Root lodging 

A x G  

B x E  

B x F  

B x G  

C x D  

Intralocus model 0.64 0.94 0.66 0.44 
Additive model 0.60 0.92 0.62 0.30 
Upper bound a 0.76 0.96 0.89 0.74 

Intralocus model 0.54 0.89 0.60 0.42 
Additive model 0.52 0.88 0.52 0.07 Ns 
Upper bound 0.80 0.96 0.85 0.57 

Intralocus model 0.60 0.93 0.58 0.45 
Additive model 0.54 0.91 0.54 0.31 
Upper bound 0.79 0.96 0.83 0.59 

Intralocus model 0.64 0.89 0.62 0.45 
Additive model 0.62 0.87 0.59 0.32 
Upper bound 0.78 0.95 0.89 0.81 

Intralocus model 0.50 0.92 0.54 0.33 
Additive model 0.48 0.91 0.51 0.14 
Upper bound 0.74 0.97 0.80 0.54 

Intralocus model 0.66 0.88 0.69 0.41 
Additive model 0.61 0.86 0.68 0.35 
Upper bound 0.81 0.97 0.88 0.52 

Intralocus model 0.66 0.89 0.47 0.31 
Additive model 0.63 0.89 0.47 0.22 
Upper bound 0.81 0.94 0.67 0.63 

NS Not significantly different from zero at P = 0.05. All other correlation coefficients were significant 
a Theoretical upper bound, equal to the square root of heritability, on the correlation between predicted 
and observed single-cross performance 

ied, and the use of  the Add i t ive  Mode l  ins tead of  the Intra-  
locus Mode l  resul ted in large reduct ions  in the effect ive-  
ness of  BLUR Hence,  the cont inued use of  the Int ra locus  
Mode l  for root  lodging  is suggested.  For  y ie ld  and stalk 
lodging,  the super ior i ty  o f  the Int ra locus  M o d e l  over  the 
Addi t ive  Mode l  was less than that  for root  lodging  but  
greater  than that for moisture .  In pract ice,  the only added 
cost  of  using the Int ra locus  Mode l  rather  than the Addi t ive  
Mode l  is longer  comput ing  t ime,  e.g., up to 24 h on a 
Pent ium TM (Intel  Corpora t ion)  machine  for datasets  typi-  
ca l ly  encountered  in a commerc ia l  maize  hybr id  breeding  
p rogram (Bernardo 1996). However ,  comput ing  t ime is 
cheap and is get t ing cheaper  as faster  processors ,  compi l -  
ers, and comput ing  a lgor i thms are developed.  Also,  the 
correla t ions  be tween  pred ic ted  and observed  per fo rmance  
for y ie ld  and stalk lodging  were  modera te ly  high, but  not  
as high as those for moisture.  Hence,  to max imize  the cor-  
re la t ion be tween  pred ic ted  and observed  trait  values,  the 
cont inued use of  the Int ra locus  M o d e l  for y ie ld  and stalk 
lodging  is jus t i f ied .  

In conclus ion,  the results  of  this s tudy demons t ra ted  that 
(1) testcross addi t ive  and dominance  effects were  both ex- 
p lo i ted  in BLUP of  the pe r fo rmance  of  untes ted single 
crosses,  and (2) BLUP was consis tent ly  more  effect ive  
with the Int ra locus  Mode l  than with the Add i t ive  Mode l  
when V D compr i sed  a substant ia l  p ropor t ion  of  V G. The 
Add i t ive  Mode l  may  be used  i f  pr ior  informat ion  indicates  
that VI~ for a g iven trait, such as grain mois ture  in maize,  

has l i t t le  contr ibut ion to V G. Otherwise ,  the cont inued use 
of  the In t ra locus  Mode l  for BLUP of  s ingle-cross  perfor-  
mance  is r ecommended .  
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