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COMPARISONS OF INTRA-, INTERPOPULATION, AND 
MODIFIED RECURRENT SELECTION METHODS 

Cliudio Lopes de Souza Jt 

ABSTRACT 

hiterpopulation and intrapopulation recurrent selection are the selection methods that have been 

used for gemiplas~ns hnprovement. However, neither intra- nor interpopdation (reciprocal) selection can 

improve at reasonable rates die population crosses and tlle populations per se siniultarieously. Thus, tlus work 

was carried out to hivestigate tlie drawbacks of these selectio~i sclicrnes, to i~~troduce a modified selection 

method, arid to colnpare tlus nicdified selection nicffod with reciprocal (interpopulation) and with 

hitrapopulation half-sib selection. Ilie effectiveness of these selection metl~ods on populations per se, 

population crosses, arid lieterosis unproveme~it were coniparcd from a theoretical approacli. l l ie  results showed 

that reciprocal selection is more eficie~lt tlia~i hitrapopulatio~~ Iialf-sib selection in a general way. A further 

analysis of the contribution of each population for the breeding sliowed neither reciprocal nor hitrapopulation 

half-sib selection is tlie suitable choice. T l ~ e  use of testcross (i~iterpopulatio~i) selection for population 1 arid 

hitrapopulatio~i half-sib selection for populatio~~ 2, with populatio~~ 2 (lower yielding tl~ari population 1) as the 

tester for both populations, is the suitable choice. Testcross half-sib selection is more efficient than 

intrapopulation half-sib selection and as efficie~~t as reciprocal selection for population 1; more eficient than 

reciprocal arid as e f i c i e ~ ~ t  as intrapopulation Ilalf-sib selectioii for populatio~~ 2; less tllari reciprocal a id  more 

efficient U r n  half-sib selection for I~eterosis; a id  more efficiciit tl~an both i~itnpopulatiotillalf-sib and reciprocal 

selection for population cross hnproveme~it. 

INTRODUCTION 

Recurrent selection methods have two main categories: intrapopulation and 
interpopulation selection. The former was devised to improve the populationsper se, and 
the latter to improve the population crosses (Moll and Stuber, 197 1). 
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Responses to intra- and interpopulation selection in maize (Zea mays L.) have 
been reported (Moll and Robinson, 1966; Moll and Stuber, 1971; Darrah et al., 1972; 
Russell et al., 1973; Moll etal., 1978; Smith, 1983, 1984). Also, theoretical comparisons 
between these selection procedures have been reported (Griffing, 1962, 1963; Cress, 
1966, 1967). In general, these results showed that interpopulation selection improves the 
population crosses but is not suitable for the improvement of the populations per se, 
whereas intrapopulation selection improves the populationsper se but is not suitable for 
the improvement of the population crosses. There is also some evidence that heterosis 
increases with inter- and decreases with intrapopulation selection methods (Moll et al., 
1978; Jiang et al., 1990). 

Improvement of crop species that is based on the selection of hybrids produced 
from inbred lines requires that the populations per se and the population crosses be 
improved as efficiently as possible, because the rates of improvement of inbred lines per 
se and of hybrids produced from inbred lines are expected to be similar to the rates of 
improvement of the populationsperse and of the population crosses, respectively. Hence, 
neither intra- nor interpopulation selection can fulfill these requirements simultaneously. 

This paper reports theoretical comparisons of intra- and interpopulation 
selection by using expected responses to selection in the base populations, in the 
interpopulation hybrid, and in the heterosis, to investigate the drawbacks of these 
selection procedures. Then, a modified recurrent selection procedure is introduced to try 
to fulfill the requirements of the breeding programs for hybrids development, and this 
procedure is compared with intra- and interpopulation selection. 

METHODS 

7lze breeding populatioms 

The two populations (1 and 2) are assumed to be in both Hardy-Weinberg and 
linkage equilibrium. For comparison, the two populations are under reciprocal recurrent 
selection (RRS) (Comstock et al., 1949), and simultaneous half-sib intrapopulation 
recurrent selection (HSS) (Empig et al., 1972). These methods were considered because 
they both require half-sib progenies (inter- and intra-) for evaluation, and S1 progenies 
for recombination. It was also assumed that the phenotypic variances of these methods 
were equal because they are all from half-sib progenies, and for quantitative traits such 
as grain yield most of the phenotypic variance is due to environmental variance. These 
populations were presumed genetically divergent with average frequencies of favorable 
alleles in population 1 greater than that in population 2. 
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n e  genetic model 

The models used to describe the genotypic values of the intra- and 
interpopulation random individuals from two random mating diploid populations 
(Griffing, 1962; Stuber and Cockerham, 1966) are: 

where p is the intra- or interpopulation mean, ai and aj are the additive effects, and 6ii,, 
6jj,, and 6ij are the dominance effects. These models are defined for the populations 
(models 1 and 2) and for the population cross (model 3). The models assume no epistasis, 
and in model 3, gene frequencies refer to the parent populations and the genetic effects 
are defined according to origin. 

If we let pi and pj refer to the frequencies of the ih and jh alleles of the 
populations 1 and 2, we have: 

2 
o A l l  = 2Cpi(aill) 2 and d l 1  = C pipi'(~ii'(ll))~, 

I i,i' 

d 2 2  = 2Cpj(aj22)2 and 0622 = c 
j j j '  

$A12 = 2~pi(ai12)~, 
1 

d 2 1  = 2 Z ~ j ( a ~ 2 1 ) ~ ,  and d ( 1 2 )  = c pi~j(Gi~(12))~. 
j i j 

Where 01 and O6 are the additive and dominance variances of the populations 1 and 2, 
and of the interpopulation hybrid (1x2). 

NOW, let: a i l 2  = ail1 + ~ i l 2  and 

and the interpopulation additive effects are expressed as intrapopulation additive effects 
(ail1 and aj22) plus the deviations from them (Ti12 and ~j2l). Note that, Ti12 = a i l 2  - aiii, 
and Tj21 = aj21 - aj22. 

Then, the interpopulation additive genetic variances can be defined as: 
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2 
d l 2  =2&i(aill +~i12)~=2xpi(ai l l )  + 2 ~ ~ i ( ~ ~ ~ ~ ) ~ + 4 x ~ ~ a ~ ~ ~ ~ ~ ~ ~  

i i i i 
and 

d2i = 2&j(aj22 + Tj21)' = 2xPj(aj22l2 + + 4xpjaj22~j21. 
j j j j 

Thus, one can define: 

d l 2  = 2~pi(Ti12)~, and 
i 

2 2 1  = 2 ~ p ~ ( ~ ~ 2 1 ) ~  
j 

as the genetic variances of the deviations fron inter- and intrapopulation additive effects. 

Also, 

Cov(A1~12) = ZpiaillTil2, and 
i 

can be defined as the genetic covariances of the intrapopulation additive effects with the 
deviations from inter- and intrapopulation additive effects. 

The interpopulation additive genetic variances become: 

d l 2  = oi l1  + 0:12 + 4Cov(A1~12) , 
and 

2 
d 2 1  = oi22 + or21 + 4Cov(A2~21) . 

Thus, the genetic variances of the populations (1 and 2) and of the populations cross are: 

2 
d l 1  = oi l1  + OD11 

2 2 2 
9 oG22 = oA22 + OD22 r 

and 
2 1 2  2 2 2 oGl2 = I [ o ~ l l  + oA22 + or12 + or21 + 4Cov(Ai~l2) + 4Cov(A2~21] + d(i2) . 

The genetic covariance between relatives (x and y) of the population cross is: 

1 1 where gl= 5 P(x1 = yi), g2 = 5 P (x2 = y2), and t = P (xi = yi) P (x2 = y2). These are 
probabilities that a random allele of one relative (x) is identical by descent to a random 
allele of the other relative (y) from populations 1 and 2, respectively (Stuber and 
Cockerham, 1966). 
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The genetic covariances between inter- (x12) and intrapopulation (yi or y2) 
relatives are: 

CovG(xi2, yi) = gi[ui i i  + 2Cov(A1~12)1, and 

These covariances are for population cross and populations 1 and 2, respectively. 
Notice that the approach used to partition the interpopulation genetic variances 

was made in a manner similar to that of Cowen (1987). 
Following Falconer's (1989) model, for a locus with two alleles, with p and q, 

r and s as the frequencies of the favorable and unfavorable alleles in populations 1 and 
2, respectively; and a as half of the difference of the genotypic values of the homozygotes, 
and d as the genotypic value of the heterozygote, we have: 

Cov(Ai~12) = 2pq (p-r) [a + (q-p)d]d and 

Cov(A2~21) = 2rs (r-p) [a + (s-r)d]d . 

The relative magnitudes of the parameters that constitute a112 and 0121 were 
obtained by assuming that the population gene frequencies fit a Beta distribution. Then, 
the genetic variances and covariances represent the mean expected value of a population 
or of a population cross, and are expressed as a function of a and d genotypic values 
(Souza Jr., 1985, 1987). Three types of base populations (A, B, and C) that represent three 
levels of favorable allele frequencies (A with p = 0.4, B with p = 0.5, and C with p = 

0.6), and the population crosses AxC and BxC were used (Table I). Thus, two population 
crosses that represent two different levels of genetic divergence of the base populations 
were used, with the population cross AxC produced from more divergent base populations 
than the cross BxC. The expected values of the variances were obtained as: 

1 2  2 -  1 2  2 r ( o 5  = Jo ox +pdp or &(ox) - Jo  ox +rdr for the population parameters , and r(ox) = 

= J; J A  02 +pdfirdr for the interpopulation parameters. The expected values of the 

covariances were obtained in the same way, only substituting the variances by the 

covariances in the integral expressions. 
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Notice that the genetic model assumes two alleles per locus, no epistasis, linkage 
and Hardy-Weinberg equilibrium, and that the base populations were characterized by a 
definite Beta distribution of allele frequencies controlling a quantitative trait. 

Table I - Three types of populations and tlleir crosses in terms of gene frequencies distributions as defined by 

Beta distributions. 

Beta Density Mean gene 

Population distribution fiu~ction ($p or $r)a frequency 

A 

B 

C 

Axc 

BxC 

Beta (2.1) 

Beta (2,2) 

Beta (3.2) 

$(p.r)* 

$@,r)* 

'Considering the iudependent distributions: $(p,r)-$lx$r; and p or r for tlie popr~latiorls A, B, or C. 

The expressions of the expected responses from selection (Gs) were obtained 
in the usual manner: 

where i and apll are the standardized selection differential and the phenotypic standard 
deviation of the selection units (half-sib progenies), respectively. The CovG(x,y) is the 
genetic covariance among the selection units (x) and the members of the improved 
population after one cycle of selection and recombination (y). 

DISCUSSION 

The derived parameters ~212, ~221, Cov(A1~12), and Cov(A2~21) are related to 
the genetic divergence (p-r) of the base populations and to the level of dominance (d) of 
the traits. Hence, these parameters are related to heterosis because heterosis depends on 

2 these two factors, e.g., h=(p-r) d for a locus with two alleles as defined by Falconer 
(1989). The genetic variances (a?12 and 0?2~) will be always positive, but for p>r we 
have Cov(A1~12)> 0 and Cov(A2~21)<0, and vice-versa for p<r. Thus, these covariances 
will be positive for the population with higher average frequencies of favorable alleles, 
and negative for the one with lower average frequencies of those alleles. If the two 

2 2 populations are not divergent we have: 0,12 = aT21 = Cov(A1~12) = Cov (A2~21) = 0. 
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Ratios of these genetic variances and covariances that form the interpopulation 
2 additive variances 0112 and 0,421 for the two types of population crosses considered, 

showed that the intrapopulation additive variances 0111 and oi22 are larger than the 
of's and Cov(A~)*s parameters, but the differences decrease as the level of dominance 
increases. For example, for partial dominance [(d/a)=0.5] the oi ' s  are 8.9 to 16.5 times 
larger than o?s, and 11.8 to 50.0 times larger than Cov(A~)'s. However, for complete 

2 dominance [(d/a)= 1] the QA*S are 2.14 to 5.0 times larger than o?'s, and 6.3 to 10 times 
larger than Cov(A~)*s; but o i 1 1 / ~ 0 ~ ( ~ 1 ~ 1 2 )  = 160/0 = 00 (Table 11). 

Table I1 - Ratios of the expected genetic variances and covariances for several levels of do~niliance (dla), and 

two types of population.' 

Level of do~ninance (dla) 

Ratios 

- - 

Populatio~i AxC 

PoyulaLio~i BxC 

- - - - 

a Popula(io~s A, B, aid C are characterized hi Table I, aid tlie average freqr~elicies of favorable alleles of these 
populations are 0.4,0.5, aid 0.6, respectively. 
-1, -2, aid -3 collie fro111 divisions by zero, because for BxC population cross tile expectation of tlie 
parameter COV(AITIZ) is zero. 
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Increase of the level of dominance, increases the magnitude of the o? and 
COV(AT) parameters as expected, because both depend on the d genotypic value. The 
parameters 0?12 and o?21 are larger than Cov(A1~12) and Cov(A2~21) for (@a) > 0.5, 
respectively, and the differences between them increase with the increase of the level of 
dominance. Hence, for traits whose levels of dominance (@a) are close to or below 0.5 
these new parameters will be negligible; however, for traits with d/a between 0.75 and 
1.25 they could be important. Examples of these traits in maize are plant height and ear 
height with (@a) = 0.5, and grain yield with (d/a) = 1.0 (Gardner and Lonnquist, 1959). 

Table 111 - Expected genetic responses (Gs) of iliterpopulalion sclcctioli (RRS) with half-sib and SI progenies 

for evaluation arid reconibination, respectively.8 

Response on Gs 

Population cross (PC) i2 
[ U ~ I I  + 0?12 + ~ C O V ( A I T I ~ ) ]  + - 

40ph12 40ph21 + 0:21 + ~COV(AZT~I) ]  

Heterosis (11) 

h - GsPc-(GsP1 +GsPz)/2 i i  iz 
- [of12 + ~ C O V ( A I T I ~ ) ]  + - [OBI + ~COV(AZT~I ) ]  
40ph12 4 W ~ 1  

i arid apt, are selectio~i differe~itial ill standard units, arid phcliotypic standard deviations of interpopulation 

half-sib progenies. The subscripts 11,22, 12 or 21 refer to populatio~i 1,2, arid population cross, respectively. 

Expected genetic responses for inter- and intrapopulation half-sib selection are 

shown in Tables I11 and IV. Comparisons or constrasts between expected responses of 
inter- and intrapopulation selection for the population cross, for the populations per se, 
and for heterosis follow. 

For the population cross: 

For the populations per se: 

il 
GS(RRS)-GS(IISS) = - [COV(AITI~)] for population 1, and 

OPh 
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i2 
GS(RRS)-Gs(~rss) = - [COV(A~T~I)] for population 2. 

a'll 

For heterosis: 

The expected responses from selection, the contrasts between inter- and 
intrapopulation selection, and the ratios of the genetic variances and covariances (Tables 
11, 111 and IV), show that the RRS is more efficient than HSS to improve population 
crosses for traits whose gene effects are close to complete corninance [(d/a) = 0.75 to 
1.251, such as grain yield of maize (Gardner and Lonnquist, 1959), because the a?'s 
parameters are positive and larger than Cov(A~)'s parameters. The population with the 
highest frequencies of favorable alleles (the best population) will have COV(AT) > 0 and 
will be more efficiently improved with RRS. Conversely, the other population will be 
more efficiently improved with HSS [Cov(Ad) < 01. The changes in heterosis with RRS 
will be positive. However, with HSS the changes in heterosis will be negative or less 
likely zero, because Cov(A2~21) is negative and greater .than Cov(A1~12) (Table II), 
except for (d/a) 2 1.25 for the less divergent population. The changes in heterosis with 
HSS will be zero for Cov(A1~12) = -Cov(A2~21), but the ratios from Table I1 show that 
this result is unlikely. 

Table IV - Expected genetic responses (Cs) of intnpopulatio~i selcctio~i (IISS) will1 half-sib and SI progellies 

for evaluation a id  reconibiliation, respectively.' 

Response on Gs 

Population cross (PC) 

Population I (PI) 

i 1 
Heterosis (11) - [COV(AIT~Z)I + iz [COV(AZTZI)I 

2op1t1 
h - GsPC - (GS.PI+GSPZ)/Z 

' i mid on, are selection differential in standard wits, and pl~enotypic standard deviatiolls of ultrapopulation 

half-sib progenies. The subscripts 11.22, 12 or 21 refer to populatiolls 1,2, and populalio~i cross, respectively. 
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Interpopulation selection makes use of intrapopulation additive effects (oi l1  
2 and oi22), and of the dominance effects ( d l 2  and 0~21) in the loci where the populations 

are divergent and there is some level of dominance [(p-r)d]. Hence, RRS is able to exploit 
and enhance the heterosis of the crosses. 

For the one locus-two allele model and complete dominance of favorable alleles, 
Moll et al. (1 978) concluded that interpopulation selection will increase the heterosis and 
intrapopulation selection will decrease it for most of the situations considered. Jiang et 
al. (1990), using a different and complex approach, stated that RRS will increase the 
heterosis, and intrapopulation full-sib selection could either increase or decrease 
heterosis, but heterosis decreased for most of situations considered. Cress (1966) stated 
that the superiority of interpopulation selection over intrapopulation selection is related 
to the level of dominance and the sum of the frequencies of the favorable alleles in the 
two source populations. Cress (1967) also showed that the changes in the source 
populations with reciprocal recurrent selection (interpopulation selection) depend on the 
covariances of the source populations with the population cross, and that covariances are 
non-negative for partial and complete dominance. Therefore, the means of the source 
populations will not decrease except by chance. Moll et al. (1978) and Smith (1983) 
reported results of several cycles of interpopulation selection in maize. The outcomes 
showed the population crosses and one of the source populations were improved at 
reasonable rates (3.22% and 4.23% for the hybrid, and 2.49% and 2.39% for one of the 
base populations, per cycle, respectively), but the other population was not improved at 
acceptable rates (1.42% and 0.75% per cycle, respectively). The results reported by these 
authors are in agreement with the results of this paper. 

Hence, interpopulation selection seems to be more efficient than intrapopulation 
selection in a general way, but breeders should be aware that with the use of RRS one of 
the populations will be improved at a slower rate than it would be with intrapopulation 
selection. Once it is identified which population will be improved at a slower rate, the 
breeder could use intense mass selection for traits correlated with the primary trait during 
the progenies production, to assure further improvements for the primaty trait in this 
population. 

A further analysis of the contribution of each population to the expected 
response to selection shows that the contribution of population 1 to population cross, 
heterosis, and population 1 per se improvement will be greater with RRS than with HSS. 
Conversely, population 2 per se will be improved faster with HSS than with RRS, and if 
I ~ C O V ( A ~ T ~ I ) ~  > o:21 the contribution of population 2 to population cross improvement 
will be superior with HSS than with RRS. One can estimate from Table I1 that 
12Cov(A2~21)( > for the levels of dominance above 0.75 for the more divergent 
populations (AxC). For the less divergent populations (BxC) we have 
~ ~ c o v ( A ~ T ~ I ) / u : ~ I (  = 1.2, 1 .O, and 0.9, for (d/a) = 0.75, 1.0, and 1.25, respectively. Thus, 
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there is a trend for J2Cov(A2~21)1 > oZ21. Even with the ratio values of 1.0 or 0.9 the 
difference between RRS and HSS for population 2 contribution to population cross 
improvement will be negligible. Obviously, if I2Cov(A2~21)1= o?21 we have RRS = HSS 
for population 2. 

The foregoing results and discussion showed that neither intrapopulation 
selection, applied simultaneously in two divergent populations, nor interpopulation 
selection are able to improve efficiently the base populations and the population crosses. 
Therefore, a modification of these selection procedures might be introduced to overcome 
these drawbacks as follows: the population 2 (the lower yielding population) should be 
used as a tester for the two populations. Then, we will have testcross selection for 
population 1 and intrapopulation half-sib selection for population 2. This selection 
procedure will be named testcross half-sib selection (THS) thereafter. 

Expected relative effectiveness (RE%) of RRS (inter-), HSS (intra-), and THS 
(testcross selection for population 1, and half-sib selection for population 2), were 
estimated for three types of populations (A, B, and C) and three levels of dominance 
(Table V). The RE outcomes showed that for the more divergent populations (A and C) 
RRS was more efficient than HSS for PI, population cross (PC), and heterosis (h) 
improvement; nearly 30% less efficient than HSS for P2 improvement. THS was more 
efficient than HSS and as efficient as RRS for PI; more efficient than RRS and as efficient 
as HSS for P2; less than RRS and more efficient than HSS for heterosis, and more efficient 
than both methods for population cross improvement. For the less divergent populations 
the results are nearly the same even though they are not so evident. The more divergent 
the populations, the greater will be the superiority of the THS method over the other 
procedures. If the source populations are not divergent, RRS=HSS=THS. 

Hence, it seems that the more suitable choice is the use of THS instead of using 
either RRS or HSS for both populations. With this choice, heterosis will be improved at 
a slower rate than it would be with RRS, but the improvement of the population cross 
and of the populations per se will be greater than would be with RRS or HSS. The 
improvement of heterosis depends on the difference between the rates of improvement 
of populations per se and of the population crosses. With RRS, population cross 
improvement is greater than populationsper se and heterosis increases. Conversely, with 
HSS the populations per se improvement is greater than population cross improvement 
and heterosis decreases. For breeders, improvement of the population crosses as well as 
the populations per se should be made as efficient as possible, because their rates of 
improvement are approximately the same as for hybrids produced from inbred lines, and 
as for inbred lines per se, respectively. 

Estimates of those genetic variances and covariances can be obtained with the 
use of intra- and interpopulation half-sib progenies from the same genotype (plant or 
inbred line) taken at random from two populations. For example, in maize one can 
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Table V - Expected relative effectiveness (RE%) of Ulree selection procedures on the population cross (PC), on 

population 1 (PI), on population 2 (Pz), and on heterosis 01). for U r n  levels of dominance (d/a) and tllree types 

of populations.' 

PC 
GsRRS vs. PI 
GsHSS P2 

h 

PC 
GsTMS vs. PI 
GsRRS P2 

h 

PC 
GsTIIS vs. PI 
GsIISS P2 

h 

GsRRS vs. 
GsHSS 

PC 
GsTI IS vs. PI 
GsRRS P2 

h 

PC 
GsTI IS vs. PI 
GsIISS P2 

h 

' Populations A, B, and C an: characterized in Table I. Pl~eriotypic variances aid selection differentials were 
assumed to be tlie sane for all comparisolls. 
RRS, MSS, aid TIIS are reciprocal recurrent selection, intrapopulation Ialf-sib selection, and testcross 
selection for PI and half-sib selection for P2, respectively. 
GshTIIS - 0.0. 
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produce these two types of progenies by using prolific plants or highly inbred lines. 
Analyses of variance of each population and population crosses, and covariance analyses 
of the intra- and interpopulation progenies are required to provide the estimates of genetic 

2 2 variances of intrapopulation (upll and 422) and interpopulation (oil2 and 0~21) 
progenies, and for the genetic covariance of intra- and interpopulation progenies 
(Cov(plpl2) and Cov(p2p21)). Thus, with these estimates it is possible to estimate all the 
variances and covariances considered in this paper, i.e.: 

In these expressions F is the inbreeding coefficient of the genotypes that give rise to the 
progenies (Falconer, 1989). 

The discussion of the effectiveness of the selection procedures was restricted to 
levels of dominance close to the complete dominance [(d/a) = 1.01, because they are 
nearest to values usual for complex traits such as grain yield of maize. For traits with 
(d/a) I 0.5, the o?'s and Cov(A~)'s terms are likely to be negligible, and, therefore, the 
intrapopulation selection is the appropriate choice. 

The genetic model used did not consider linkage and/or Hardy-Weinberg 
disequilibrium and epistasis. Hence, it would be interesting to estimate these variances 
and covariances for original populations (cycle 0) and improved populations (cycle n) 
from intra- and interpopulation selection programs to study their magnitude and changes 
with selection. One can expect that 0:'s and ICov(a.r)'sl magnitude will decrease and 
increase with intra- and interpopulation selection, respectively. 
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0 s  tndtodos de seleqlo recorretite iiilra e iiiterpopulacionais G o  os esquetnas seletivos que t6m sido 

utilizados para o ~~ielliomi~ento de gennoplasmas. Entretruito, netlltutn destes m6todos pode n~elliorar a taxas 

razoaveis os hibridos hiterpopulacionais e as populaq&s per se siniulthieamente. Assitn, este traballio foi 

coiiduzido para investigar as Ihnitaq&s destes esquemas seletivos, para ititroduzir u n  esquetna modificado de 

selqlo,  e para coniparar este esquema niodificado cotii a seleqio reciproca (h~terpopdaciotial) e com a seleqio 

intrapopulacional con1 meios inniios. As efici6ncias destes mdtodos seletivos no melliorametito das populaqk  

per se, do Iu'rido hiterpopulacional, e da heterose fomn hivestigados tebricametite. 0 s  resultados mostraram 

que a seleqio reciproca 6 mais eficiente que a s e l q l o  ititrapopulaciotlal corn nieios inliios de uma niarieira 

geral. A an;ilise da cotitribuiqio de cada populaqio para o tiiclltorametito mostrou que a seleqio reciproca e a 

seleqlo ititrapopulaciot~al corn meios innios 160 G o  as nlais apropriadas. A utilizaqio de seleqlo con1 testcross 

(hiterpopulaciot~al) para a populaqio 1 e seleqio hilrapopulaciotial con1 nieios iniilos para a populaqio 2, corn 

a populaqio 2 (ttienos produtiva que a populaqio 1) cotrio testadora para as duas populaqdes e mais apropriado. 

A seleqlo cotn testcross e nieios in16os 6 mais eficic~ite que a scleqio intnpopulacioiial cotn tl~eios innios e 

tlo eficieiite quiuito a seleqio reciproca para a pop~l i~qio  1; tiiaiseficietite que a seleqio reciproca e tio eficietite 

quanto a seleqio itilrapopulacional para a populaqio 2; mctios eficietitc que a selcqio reciproca e inais eficiente 

que a seleqlo ititrapopulacional para a heterose; e meis eficict~te que a sclcqio reciproca e a seleqlo 

h~trapopulaciotial para o t~~ell~onrnento de llibridos it~tcrpopulaciot~ais. 
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