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Summary. Progeny testing and selection of forage grasses 
by means of growing half-sib (HS) families from open- 
pollination and polycross have been considered from the- 
oretical and practical points of view. Special attention has 
been paid to the genetic variation within half-sib families, 
which is expected to be large as compared to the genetic 
variation between families. Based on observations of in- 
dividual plants within plots, the environmental compo- 
nent of the variation is expected to be large and nonesti- 
matable. The results of an experiment in meadow fescue 
(Festuca pratensis Huds.) are presented. In this experi- 
ment, randomly selected individual plants within HS- 
families were cloned and laid out in randomized blocks. 
For the characters observed (earliness and raw matter 
yield) no significant variance component for dominance 
was found. The highly significant additive component 
estimated for earliness, as well as for yield, after each of 
three cuts and in total were about three times as large 
within as between families, as expected from the theoret- 
ical considerations. The estimated response to selection 
was much higher for a combination of between- and 
within-family selection as compared to free clone or fam- 
ily mean selection alone. It is suggested that a program 
for progeny testing and selection in a base population of 
perennial forage grasses should start with an experiment 
in which a large number of randomly selected parental 
clones and a fixed number of clones from each of the 
hatf-sib families derived from the mother genotypes are 
grown simultaneously. The selected clones within superi- 
or families could later on be further cloned, placed in a 
polycross field, and the new HS-families could be sown in 
ordinary field trials at various locations for further selec- 
tion. 

Key words: Open-pollination - Polycross - Genetic vari- 
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Introduction 

The general aim in the breeding of cross-pollinated, 
perennial forage grasses has so far been to develop im- 
proved synthetic populations. The characters of greatest 
interest for improvement are in most cases forage yield 
and quality, persistency, seed yield, and stability over 
years and locations. These characters are all quantitative, 
showing continuous variation in genetically heteroge- 
neous populations and being highly influenced by envi- 
ronmental factors of various kinds. In order to plan an 
effective program, information on the extent and nature 
of the genetic variation and covariation of the various 
characters within the base population is necessary. From 
a breeding point of view, the common forage perennial 
grasses provide the advantage of being relatively easy to 
clone. Experimental growing of clones is therefore, in 
most cases, the initial step in the process of investigating 
the genetic variation in base populations. Experiments 
with clones from a randomly pollinated base population 
do not, however, allow a separation of the additive and 
nonadditive genetic variation. Progeny testing is there- 
fore needed. The most common systems of mating and 
progeny testing of perennial forage grasses are open-pol- 
lination of individual plants or clones, polycross, pair 
matings, and top-crosses. Among these methods, open- 
pollination and the polycross method originally intro- 
duced by Frandsen (1940), Frandsen and Frandsen 
(1948), and by Tysdal et al. (1942) have probably found 
the widest application, mainly because of the simplicity in 
respect to the equipment needed and the labor required. 

In most cases, the progeny testing after open-pollina- 
tion or polycross is limited to experimental growing of 
half-sib families on whole plots laid out with replications 
at one or more locations, and the biometrical analysis of 
the experimental data is often limited to estimation of the 
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genetic and environmental variation of the HS-family 
means. This analysis will always provide an estimate for 
general combining ability as defined by Wricke and We- 
ber (1986), irrespective of ploidy level and genotypic com- 
position of the parental population. 

If the parents are randomly selected from a diploid 
population in linkage equilibrium, the genetic compo- 
nent of the variation between the progeny means is an 
estimate of the additive component of the variation in the 
sense of Mather and Jinks (1982). 

The variation among family means does, however, 
uses only one-fourth of the total additive variation in the 
base population. This means that the difference of three- 
quarters of the additive and the total of the nonadditive 
variation is hidden within the families. In their theoretical 
considerations, Hill (1981) and Nguyen and Sleper (1983) 
were aware of the great within-family variation and 
pointed to the possibility of within-family selection based 
on observations of individual plants within plots. This 
technique does not, however, allow for a separation be- 
tween the genotypic and environmental variation within 
HS-families. Experience has shown that the environmen- 
tal influence on typical quantitative characters of individ- 
ual plants of forage grasses is high. There is, therefore, 
good reason to assume that selection based on mesure- 
ments of individual plants within plots would be rather 
inefficient. 

In this paper we present results from an experiment in 
diploid meadow rescue (Festuca pratensis Huds.), in 
which a fixed number of plants from each HS-family after 
a polycross were cloned and then laid out in a random- 
ized block experiment. Our intention from the beginning 
was to estimate and compare the genetic components of 
the variation between and within HS-families. Analysis of 
this experiment has, however, lead us to consider from a 
theoretical and practical point of view how progeny test- 
ing in forage grasses by means of open-pollination and 
polycross should be conducted in order to give maximal 
genetical information and maximal response to selection. 

Theoretical considerations 

We consider a breeding population of a diploid, perenni- 
al, and sexual species with complete random mating and 
in linkage equilibrium. Further, we assume that each 
quantitative character is governed by many loci, each 
with only two alleles, normal meiosis, no mutations, and 
no cytoplasmic effects. The additive gene contribution of 
the genotypes in each locus is designated d and - d  for 
the increasing and decreasing effects of the two ho- 
mozygous genotypes, respectively, while the dominance 
effect is designated by h (Mather and Jinks 1982). Ifinter- 
altelic and genotype-environment interactions are absent, 

the total expected phenotypic variation of a character in 
the population is then 

Vpop = Vp = I /2DR + I / 4 H R  + E,  

where 

k 

D R = 4 ~, u i vi (di + (vi -- ul) h i )  z , 
i = 1  

and 

k 
H R 1 6  ~z~ 2 2 - 2  = Ui Vi g/i " 

i = l  

E stands for the environmental component of the 
variation, u and v designate the frequencies of increasing 
and decreasing alleles, respectively. 

If c plants are chosen at random from the population, 
each selected plant cloned, and the clones laid out in a 
randomized experiment, the sum of the additive and 
dominance components (1/2 D R + 1/4HR) and E can be 
estimated from an analysis of variance according to 
Table 1. 

2 represents 2 represents E, while a c In this table a e 
1/2D R + 1 / 4 H  R. Based on clone means averaged over 
replications, heritability in the broad sense can be esti- 
mated as 

hb.s. = . 0 "  2 �9 

2 } _ - e  
G c 

i" 

Random mating in a cross-fertilizing population does 
not change genefrequencies over generations provided 
that selection, mutation, or random drift do not occur. 
The mean and total genetic variation of the progeny 
population should, therefore, be the same as for the paren- 
tal population. If the progeny population consists of half- 
sib families produced from open-pollination of randomly 
selected plants or clones, it is possible to split up the total 
variation into components for between- and within-HS- 
families. If clones within families are used, it is then also 
possible to estimate D R and H R . Clones within families 
do not, however, permit testing for goodness of fit to a 
genetic two-parameter model (additive and dominance 
effects). Inclusion of parental clones together with clones 
of HS-families in the same experiment would give two 
useful additional statistics, namely the variation between 

Table 1. Analysis of variance of an experiment with randomly 
selected clones 

Source df  Expected mean square 

Replications r -  
Clones c -  1 a 2 + rG~ z 
Clones x repl. (c-- 1) ( r -  1) a~ 
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parental clones (Vv) and the covariance between parental 
clones and HS-family means (Wns/p). Then the following 
equations would be available: 

Variance between parental clones 

Vv 1/2DR + 1/4HR + E1 2 = = % p ) .  ( 1 )  

Variance between HS-family means 

Vns = 1/8 DR + E2 = o-~s. (2) 

Mean variance of HS-families 

Vns = 3/8 D R + 1/4 H R + E 2 = o-2.  (3) 

Covariance between parental means and HS-means 

Wns/v = 1/4 OR = O-V, HS" (4) 

Environmental variance of P-clones 

E1 = o-~, (5) 

and HS-clones 

E 2 = a~2 ~ . (6) 

The different variance components 2 O-~IN, o-c (p), O-P, H~, 

o-lt), and o-~2) can all be estimated from an analysis of 
variance and covariance. There are six equations and 
four parameters to be estimated, leaving two degrees of 
freedom for testing goodness of fit by means of a Chi- 
square. If interallelic interaction is present or if one or 
more of the other assumptions do not hold, the Chi- 
square test for goodness of fit should be significant. 

The total variation in the progeny population based 
on means over replications is 

Var(pop) = Vns + Vns = 1/8 D R + E2/r + 3/8 D R 

+ I /4HR + E2/r = 1/2D R + 1/4HR + E2/r, 

and heritability in the narrow sense 

�89 
h . ~ s .  - - 

�89 DR + �88 HR + E2/r 

Genetic response to selection (R) of clones within HS- 
families and intermating of the selected clones in an iso- 
lated polycross is then expected to be 

k�89 
R = kh~.s. 0-po p ---= (�89 + � 8 8  R + E2/r)l/2, 

where k is the standardized selection differential (selec- 
tion intensity). 

As pointed out by Nguyen and Sleper (1983), it is 
possible to predict the response to a combined selection 
of HS-families (R 0 and selection of genotypes within 
HS-families (R2). The expected gain will be 

R-=- R 1 + R  2 

1 k2 ~ DR k l s  DR + 
= (~DR + E2/r)l/2 3 1 (g DR + z HR + E2/r) 1/2' 

where k 1 and k 2 designate the standard selection differen- 
tials among and within families, respectively. 

If heritability on an individual genotype basis is low 
because of large environmental effects, family selection 
would be preferred to individual selection (Falconer 
1981). Cloning of individual genotypes within HS-fami- 
lies does, however, lead to more precise estimates ofgeno- 
typic values within families. 

The disadvantage of using clones is, of course, the 
great labor involved in cloning and planting, which often 
results in small plots and thereby an environment that is 
somewhat different from mass-seeding. 

The genetic expectations are the same in a polycross 
as they are for open-pollinations, provided that the 
clones in the polycross are not selected. It is, however, 
common to apply selection of the clones that are put into 
the polycross. Since the additive as well as the non-addi- 
tive genetic components of the variation are frequency- 
dependent, they will all be biased by selection. In such 
cases one should be very careful in drawing genetic con- 
clusions. One has to rely on general combining ability 
based on the mean performance of HS-families. The great 
advantage of a polycross as compared to half-sib families 
from individual plants after open-pollination is that great 
quantities of seed can be produced at low cost allowing 
large plots with natural stands in replicated trials at sev- 
eral locations. Family-environment interactions can 
thereby be taken into account in the process of selection. 

Materials and methods 

The material used in the present experiment came from 
Svanhovd, which is situated in the northeastern part of 
Norway at a latitude of 69~ and 45 m above sea 
level. The original population, designated 021012, was a 
7-year-old ley characterized as natural meadow but orig- 
inally sown with the variety Loken. Seeds were harvested 
from an area of about 0.3 ha from 100 randomly selected 
plants in 1973. The seeds were brought to the State Re- 
search Station Holt, where 100 randomly selected plants 
from a seed mixture of the collected population were 
cloned, the clones were grown in a randomized-block 
experiment and observed visually over two seasons (I. 
Schjelderup, personal communication). In 1984, 22 of the 
clones with the best general performance were transferred 
to the Agricultural University outside Oslo (59~ 
where they were further cloned and planted in a polycross 
field laid out according to the design suggested by Olesen 
and Olesen (1973). From the seed harvested from this 
polycross in 1985, 20 randomly selected plants of each of 
the 22 HS-families were cloned and planted in a random- 
ized-block experiment in 1987. Planting was done from 
29 May to 4 June. Each plot had five ramets, set 30 cm 
apart in a row, and the row distance was 60 cm. 



Table 2. Results of analyses of variances; mean squares and significance levels. The raw matter yields are devided by 100 

Source df Panicle Cut 1 Cut 2 Cut 3 Total 
emergence 
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Replicati o n 1 12.53 110.15 3.40 61.24 271.53 
HS-families 21 71.86 *** 262.97 ** 14.48 ** 32.69 436.53 *** 
HS-fam. x repl. 21 2.28 6.07 0.60 2.80 15.19 
Clones within HS-families 418 17.68 *** 36.50 *** 2.70 *** 7.44 *** 73.65 *** 
Clones within HS-fam. x repl. 418 2.60 6.28 0.51 2.66 12.01 

Total 879 

** 0.001 <P<0 .0 1  
*** P<0.001 

Table 3. Distribution of clones within HS-families for total RM yield. Class intervals = 200 g. Class 1 < 1,000 g 

HS- Class n 2 Var./100 
family 

1 2 3 4 5 6 7 8 9 10 11 12 

1 1 3 3 3 1 5 1 2 1 20 2,246 2,266 
2 2 1 1 5 3 2 1 1 2 2 20 2,089 5,791 
3 1 2 3 1 4 2 5 2 20 2,241 3,648 
4 3 2 4 3 1 3 2 2 20 2,165 2,190 
5 1 2 2 5 1 5 i 3 20 2,502 1,697 
6 1 3 2 2 4 3 2 3 20 2,458 2,927 
7 3 2 2 1 5 2 1 2 2 20 2,000 5,806 
8 2 2 1 1 2 2 3 3 2 2 20 2,058 7,006 
9 1 2 2 3 4 2 3 1 2 20 2,329 2,200 

10 1 1 5 3 3 3 4 20 2,203 1,490 
11 2 1 1 3 t 4 3 1 2 2 20 1,904 5,506 
12 2 1 3 2 2 3 1 3 3 20 2,352 4,928 
13 6 l 2 1 1 6 1 1 1 20 1,527 3,994 
14 3 2 4 4 5 2 20 1,734 3,944 
15 2 2 3 2 6 1 4 20 2,574 1,616 
16 1 1 1 1 2 1 7 2 4 20 2,143 4,096 
17 1 4 1 2 2 4 3 3 20 1,915 2,440 
18 1 1 1 6 1 1 3 3 2 1 20 2,212 2,884 
19 1 1 1 4 7 3 2 1 20 2,176 3,540 
20 1 3 1 1 5 2 5 2 20 2,415 4,679 
21 5 4 2 1 2 1 1 4 20 1,401 4,422 
22 5 2 5 1 2 i t 1 1 1 20 1,428 4,020 

Sum 33 12 21 24 31 62 46 59 48 49 29 26 440 2,094 3,686 

In  the p lan t ing  year  the grass was cut  wi thou t  weigh- 

ing at the end of August .  The  next  year  three cuts were  

taken.  The  first cut  was at panicle  emergence ,  the second 

43 days there-after ,  and the th i rd  cut  41 days after the 

second cut. The  grass yield after all cuts was de te rmined  

by weighing  the raw ma t t e r  immed ia t e ly  after cut t ing 

each p lo t  by hand.  Acco rd ing  to prev ious  results, the raw 

ma t t e r  yield de te rmined  in this way  is closely cor re la ted  

genotypica l ly  wi th  the dry ma t t e r  yield and  should  be a 

g o o d  measu re  of  p roduc t iv i ty  (Aastveit  and Aastvei t  

1989). Panic le  emergence  was de te rmined  in the o rd ina ry  

way, i.e. in terms of  days f rom an a rb i t ra ry  da te  and  unti l  

three plants  of  each plot  had  s tar ted panicle  emergence.  

Results  

Table 2 shows that  there  were highly significant m e a n  

squares  for earliness as well as for raw ma t t e r  yield after 

all cuts and in total.  Table  3 shows the d is t r ibu t ion  of  

HS- fami ly  means  and  wi th in- fami ly  c lone  means  aver-  

aged over  blocks,  as well as the wi th in -HS- fami ly  vari-  

ances for to ta l  raw ma t t e r  yield. This  table  shows tha t  the 
va r i a t ion  wi th in  families was large as c o m p a r e d  to the 

va r i a t ion  a m o n g  family means,  and  there  was also a great  

va r i a t ion  a m o n g  HS-famil ies  in the wi th in  variances.  The  

wi th in-family  var iances  were no t  cor re la ted  wi th  to ta l  

yield. 
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Table4. Estimates of variance components for HS-family 
means (a 2)  and clones within HS-families (a~v) with standard 
errors (SE). The yields are divided by 100 

Character Between Clones 
HS-family means within HS-families 

^ 2  

Panicle emergence 1.35 0.55 7.55 0.62 
RM yield: 
Cut I 5.66 2.03 15.11 1.28 
Cut 2 0.29 0.11 1.09 0.10 
Cut 3 0.61 0.24 2.38 0.27 

Total 9.07 3.37 30.74 2.56 

Table 5. Least-square estimates of D R and H R . The standard 
deviations are given in parentheses. The numbers for yields are 
based on the yields divided by 100 

Characters D R H R 

Panicle emergence 10.8 *** (4.4) t 3.9 (7.0) 
RM yield: 
Cut1 45.29*** (16.24) -7.49 (24.74) 
Cut 2 2.36*** (0.89) 0.83 (1.38) 
Cut 3 4.85 *** (1.96) 2.25 (3.08) 

72.58*** (26.96) 14.11 (41.37) Total 

*** P<0.001 

Table 4 shows the estimates of the variance compo- 
nents for HS-family means (a~)  and clone variation with- 
in HS-families (a~v), with their respective standard errors. 
All components  have a high degree of significance. For 
panicle emergence, the within-family component  is more 
than five times as large as the family component,  while for 
RM yield the a 2 is, roughly speaking, about three times 

2 as large as an~. 

Based on Eqs. (2), (3), and (6), D R and H R have been 
estimated by the method of least squares. The estimates 
with their standard errors are presented in Table 5. The 
table shows that D R is significant for all characters, while 
H R is not significant in any case. It should be noticed that 
the s tandard errors of the H R estimates are high as com- 
pared to the standard errors of D R . Since we had only 
three equations available for estimation of three parame- 
ters, there were no degrees of freedom left for testing 
goodness of fit. 

The genotypic correlations have been estimated on 
the basis of family means as well as within families. Tables 
6 and 7 show relatively good correspondence between the 
two sets of estimates. In  the tables, we have included the 
standard errors of the estimates. These standard errors 
are estimated by the Bootstrap method described by 

Aastveit (1989, 1990). In  the Bootstrap method we have 
sampled both between and within families. The tables 
show that there were negligible genotypic correlations 
between earliness and the yield characters. High correla- 

Table 6. Genotypic correlations estimated from HS-family means ___ the standard deviations of the estimates (estimated by the 
Bootstrap method) 

Character Panicle RM yield 
emergence 

Cut I Cut 2 Cut 3 Total 

Panicle emergence 1.0 - 0.04 + 0.26 0.28 + 0.25 - 0.03 ___ 0.29 0.01 + 0.28 
RM yield 
Cut 1 1.0 0.25+0.30 0.31 +0.31 0.92+0.05 
Cut 2 1.0 0.85 _ 0.13 0.60 + 0.20 
Cut 3 1.0 0.65 _ 0.20 
Total 1.0 

Table 7. Genotypic correlation coefficients within HS-families _+ the standard deviations of the estimates (estimated by the Bootstrap 
method) 

Character Panicle RM yield 
emergence 

Cut 1 Cut 2 Cut 3 Total 

Panicle emergence 1.0 0.01 _+ 0.16 
RM yield 
Cut 1 1.0 
Cut 2 
Cut 3 
Total 

0.30_____0.11 

0.40 + 0.09 
1.0 

0.12__+0.14 0.10__+0.16 

0.56 __+ 0.09 0.93 + 0.02 
0.66-t-0.11 0.66+0.06 
1.0 0.80__+0.05 

1.0 
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Table 8. Narrow-sense heritability estimates (h2.s.) 

Character Based on all Based on Based on 
clones in the HS-family clones within 
population means HS-families 

Panicle 0.68 0.54 0.74 
emergence 

RM yield: 
Cut 1 0.79 0.65 0.84 
Cut 2 0.68 0.49 0.90 
Cut 3 0.47 0.23 0.58 

Total 0.73 0.54 0.82 

Table 9. Expected response (R) to three types of selection for 
RM yield (g/plot). b 1 = selected families (in %) and b 2 = selected 
clones within families (in %) 

% Selection of Free selection Combined family 
selected HS-families of clones and clone selection 

b~ (RO (R9 b2 (R~) 

44 199 460 10 1,028 
5 1,173 

20 311 719 10 1,140 
5 1,285 

10 390 902 10 1;219 
5 ~,364 

(2) Selection of HS-families. It is assumed that seeds 
from the selected HS-families produced by the respective 
parental clones in the polycross are mixed in equal pro- 
portions and multiplied. 

(3) Selection of the best clones within the best families. 
Also in this case it is assumed that the selected clones are 
removed from the field and placed in a new polycross. 

Table 9 presents the expected responses after the three 
selection methods for various selection intensities. In the 
case of method 3, b 1 indicates the percentage of selected 
families, while b 2 indicates the percentage of selected 
clones within the selected families. Free selection among 
all clones is more efficient than selection among families. 
Selection of the best clones within the best families seems, 
however, to be most efficient in this case. Selection in a 
crop such as meadow fescue, with a strong, two-loci in- 
compatibility system (Lundquist 1955, 1961), must take 
into account the risk of sterility and other undesired ef- 
fects of inbreeding. Consequently, the number of selected 
families or clones selected within families should not be 
too low. A reasonable number of families in this case 
would, in our opinions be ten, or 44%. Furthermore if 
10% or the two highest yield clones within these ten 
families were selected, we would expect a very high re- 
sponse of combined-family and clone within-family selec- 
tion as compared to the two other methods. 

tions were found between each of the three cuts and total 
yield, and between the yield at the second and third cut. 
The other correlations seem to be rather low compared to 
these estimated standard deviations. It can also be seen 
that the standard deviations of the estimates are lower for 
the within-family estimates as compared to the between- 
family estimates. 

Narrow-sense  heritabilities based on means of HS- 
families and clones within families averaged over replica- 
tions are given in Table 8. 

The table shows that the heritability estimates are 
highest when based on clones within HS-families. This 
may be due to some dominance variation, although none 
of the H A estimates were significant. 

Expected response to selection 

Among the characters studied, selection for total yield is 
most  important. Three methods of selection are possible. 

(1) Selection based on clone means averaged over 
replication without attention to family. It is assumed that 
the selected clones are removed from the field and placed 
in a new polycross. The mixed progeny will then be the 
new population or syn-1 that should be compared to the 
original population. 

Discussion and conclusions 

Planning and conducting breeding programs in the 
perennial cross-pollinating forage grass crops requires 
information as to the size and nature of the genetic vari- 
ation for the various characters of economic interest and 
the genetic relationship between the characters. Such in- 
formation is expressed in terms of statistical parameters 
for broad-sense and narrow-sense heritabilities, genetic 
and environmental correlations, genotype x environment 
interactions, and predicted and observed response to se- 
lection. The information needed can be obtained from 
experiments with clones and progenies from various 
types of mating systems. Among the systems reported in 
the literature, progeny from open-pollination of individu- 
als or clones in polycross fields seem to be among the 
most extensively used in the forage grasses. From a theo- 
retical genetic point of view, progeny from open-pollina- 
tion and poycross fields are the same, provided that the 
clones in a polycross are not selected. The difference be- 
tween the two systems is that a relatively low number of 
clones in a polycross are arranged in such a way that the 
chance for random pollination is optimized. In a poly- 
cross field, large amounts of seed can be produced; thus, 
half-sib progeny families can be laid out in seed-sown 
trials at many locations. The amount  of seed available 
from open-pollination of individual plants is so low that 
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the half-sib families have to be grown on small plots, 
often as spaced plants. In contrast to polycross, it is easy 
to have great numbers of families after open-pollination. 

From a theoretical point of view, the additive compo- 
nent of variation among family means is expected to be 
low (1/8 DR). Response to selection based on family 
means is therefore expected to be low. Several authors, 
e.g., Hill (1981) and Nguyen and Sleper (1983), are aware 
of the great genetic variation within HS-families (3/8 
D R + 1/4 HR). They do, however, assume that this varia- 
tion is measured and used in selection by observing indi- 
vidual plants within plots. In that case, the environmental 
component  of the variation will be very large and cannot 
be estimated. 

This paper presents the results from an experiment in 
which 20 randomly selected plants from each of 22 HS- 
families from a polycross were observed for earliness and 
raw matter yield after three cuts. The dominance compo- 
nent of the variation was not siginificant for any of the 
characters. The additive component  was, however, highly 
significant for all characters and, for yield was about 
three times as large within as between families. Thus, 
there was good agreement between theoretical expecta- 
tion and observations. The expected response to selection 
for total yield was much higher for a combined between- 
and within-family selection as compared to family selec- 
tion alone or free clone selection. 

From a theoretical point of view, we think that an 
ideal program for progeny testing and selection within a 
base population should start with an experiment in which 
a large number of randomly selected parental clones and 
a fixed number of clones from each half-sib family pro- 
duced by the same genotypes as the parental clones are 
grown simultaneously. The parental clones would add 
additional statistics so that the genetic model could be 
tested for goodness of fit. After analysis of the data from 
such an experiment, combined between- and within-fam- 
ily selection could be applied. The selected clones within 
families could then be removed from the field, cloned 

further, planted in a polycross, and the HS-families from 
this polycross could be laid out in a series of trials at 
several locations for further selection. 
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