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Dwarfing genes are among the most widely
known plant mutations (Pleton, 1964), which
suggests that a reasonable search, even in the
absence of mutagenic agents, would likely
turn up genetic dwarfs in the tree fruit and
nut species where they have not yet been
reported. Genetic dwarfs play a prominent
role in numerous agronomic crops; e.g.,
sunflower (Allard, 1961), barley (Ali et al.,
1978), wheat and rice (Dalrymple, 1980),
sorghum (Schertz et al., 1974), tomato (Stevenson and Tomes, 1958), cucurbits (Mohr,
1962), peas (Macomb and Macomb, 1970),
and currents and gooseberries (Bauer, 1957).
Trees of Prunus persica L. Batsch and P.
amygdalus L. Batsch have been genetically
reduced in size by 30% to 90%, apparently
without any serious adverse side effects
(Hooper, 1867; Lammerts, 1945; Hansche
et al., 1985; Hansche, 1989, unpublished
data). All of this information suggests that
fruit and nut trees can readily be reduced in
size via single mutant recessive genes.
Obviously, small seedlings occupy less
space than large ones, and consequently are
less expensive to rear. This situation presents
those interested in genetic analysis and manipulation of these species with the option
of working with a relatively small number
of large plants or a relatively large number
of small plants.
The duration of juvenility in Prunus,
Malus, and Pyrus also has been shown to be
readily amenable to genetic manipulation
(Hansche, 1986; Visser, 1965,1972, 1976;
Zielinski, 1963) and thus provides an even
greater range of options to those interested
in genetic analysis and fruit and nut tree cultivar improvment; extending from very large
plants with very long sexual cycles to small
plants with short sexual cycles. The relative
merits of these options are addressed here.
The role of plant size in genetic analysis
The genetic analyses and manipulations
referred to here are those that depend on sexual reproduction and on observation of the
phenotypic consequences of the meiotic
process among segregating progeny. They
include the implementation of recombinant
DNA technologies [such as DNA restriction
fragment length polymorphism (RFLP) map-

ping] as breeding tools, as well as the classic
Mendelian and quantitative genetic methodologies.
Usually, specific genotypes can be expected to arise within segregating progenies
at a frequency predicted by the independent
transmission of alleles of each parental gene
involved. (Of course, in unusual cases where
genetic linkage plays a significant role, specific genotypes could be expected to arise
more or less frequently.) The relationship
between population size and the probability
of a seedling arising that is homozygous for
recessive alleles of three to five independent
genes in this population is illustrated in Fig.
1.
The probability of a seedling simultaneously expressing values in the upper 10%
of the F2 distribution for three to five independently segregating quantitative traits is
equally well-illustrated in Fig. 1; e.g., fruit
size, color, flavor, disease resistance, and
productivity. Clearly, the number of seedlings that comprise fruit and nut tree breeding stocks not only imposes limits on the
resolution of features of the genetic mechanism that depend on specific allelic combinations at more than a very few gene loci, it
also limits the likelihood of any seedling simultaneously expressing uncommonly high
values for only a very small number of traits.
The relationships depicted in this figure point
directly to the smallest plant size as the most
desirable option for geneticists, and other re-

searchers, because small plants facilitate use
of many seedlings.
The role of plant size on the rate of
genetic improvement
Response to selection: a) sexually reproduced crops. However small the likelihood
is of a seedling arising that meets a given set
of criteria in a breeding stock, it can be increased by genetically “improving” the
breeding stock. This can be accomplished in
genetically variable breeding stocks by appropriately selecting and mating parents. The
distribution of values expressed by the offspring of selected parents can be expected to
shift upward. Consequently, a greater proportion of individuals among their progeny
will meet criteria based on high values.
A common approach to the improvement
of breeding stocks is to select as parents those
individuals that perform very well (e.g., that
have the sweetest fruit, the highest blush, or
that are most resistant to disease) and mate
them randomly inter se. This strategy is generally referred to as mass selection (Allard,
1960). The selection intensity, i, can be defined in units of the standard deviation (SD),
as the average amount
by which the
performance of selected parents surpasses the
mean
of the breeding stock, where i =

The effect of this procedure on the subsequent performance of breeding stock progeny of selected parents can be quantified (Fig.
2).
The amount (in units of the standard deviation) by which the selection increases the
mean of the progeny is called the “response
to selection”, and is symbolized by R. The
latter is linearly related to i by h 2; i.e., R =
ih2. In the plant and animal breeding literature, h2 is called the heritability of the trait
(Falconer, 1981). It is that portion of the
variation in the population attributable to the
additive statistical effects of genes. The heritability, h2, tells us the degree to which we
can predict mean offspring performance from
that of their parents.
Numerous experiments in many crop species have shown that R (the amount that the
Fig. 1. The probability of at least one seedling mean performance of the breeding stock,
that is homozygous for recessive alleles of three increases in each subsequent cycle) will reto five independent genes arising among the main constant if the intensity of selection (i)
progeny of a random mating F population. The is maintained at a constant value as this
frequency of recessive alleles is assumed to be
0.33. Note the probability of at least one seed- process is repeated (Fig. 3). This process
ling being homozygous for all five recessive resides at the core of cultivar improvement
alleles is only 0.99% in breeding stocks com- in many agronomic and vegetable crops that
prising 1000 seedlings, and 4.8% in breeding are normally sexually propagated and mainstocks comprising 5000 seedlings.
tained (Allard, 1960). The mean perform1
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ante of cultivars generated in this manner
generally reflects the mean performance of
the breeding stock.
Response to selection: b) asexually reproduced crops. In crops that are normally asexually propagated, the best seedling (the
winner) is picked from the uppermost end of
the distribution of seedling performances,
cloned, and released as a cultivar. Consequently, the breeder is less interested in increasing the mean of the breeding stock than
in increasing the probability of a winner arising in the breeding stock, P[w]. It is the area
under the curve at the upper end of the dis390

tribution, not the breeding stock mean, that
reveals the likelihood of a winner arising in
the breeding stock. Notice, from Fig. 3, that
the area under the curve at the upper end (for
example, the area exceeding the mean of the
original breeding stock by 2 SDS ) increases
as the mean of the breeding stock moves to
the right on the scale in response to selection. The upper ends of the distributions depicted in Fig. 3 are enlarged in Fig. 4. Notice
also that, whereas the rate of response of the
mean is constant(i.e., Rl = R2 in Fig. 3),
the rate of increase in the area under the
upper end of the breeding stock distribution

increases each cycle; i.e., ∆ P2 = (P2 – P1)
> ∆ P l = (Pl – P0). The increases in Pi
and ∆ Pi, from cycle to cycle, are of great
relevance to cultivar improvement in asexually reproduced cultivars.
The effect of seedling number on response
to selection. The rate, R, at which selection
increases the mean of breeding stocks is influenced by the number of seedlings therein.
The rate, ∆ P, at which selection increases
the frequency of seedlings that meet selection criteria, and P[w], the likelihood of a
winner arising in the breeding stock, are
highly sensitive to population size. In fact,
the number of seedlings comprising the
breeding stock dramatically affects ∆ P and
P[w] in situations that pertain widely in tree
fruit and nut cultivar improvement programs; i.e., where selection is practiced on
numerous traits in populations that comprise
a few thousand seedlings.
The relationship can be illustrated by
comparing the effects of one selection cycle
on R, ∆ P, and P[w] in two hypothetical
breeding stocks; one comprising 1000 and
the other 5000 seedlings. [The population
size difference here was chosen to reflect the
fact that five dwarf peach or almond seedlings can readily be reared in the space required by one standard peach seedling
(Hansche et al., 1985).] Assume the objective is a seedling (a winner) that performs in
the upper 10% of the two hypothetical breeding stock distributions for each of five independently inherited traits. This goal implies
that “the object seedling” must express values for all five traits that exceed the mean
of the two hypothetical breeding stocks by
1.28 SDS of the mean of the original breeding
stock (SDo). Assuming these traits are transmitted independently of one another, the expected frequency of seedlings meeting all five
criteria would be only 0.105, or 1/100,000.
Consequently, a seedling meeting all of these
criteria (a winner) would not likely be present in either hypothetical breeding stock.
These populations are simply too small (see
Fig. 1). Furthermore, assume mass selection
is practiced in these populations to increase
the probability that a seedling meeting all
five criteria will arise among the progeny of
selected parents; i.e., assume selection is
practiced to increase P[w]. The intensity of
selection that can be applied to each of these
traits is limited by the number of seedlings
in the hypothetical breeding stocks. For example, the relatively mild requirement that
parents perform only in the upper 38% of
the two hypothetical populations with respect to all five traits would be expected to
rule out 992 of the 1000 seedlings comprising one breeding stock, and 4960 of the other.
Thus, i = 1, due to this mild requirement.
This result derives from the joint probability
of performance in the upper 38% of the distribution for all five traits; i.e., 0.385 =
0.0079 or 8/1000 or 40/5000. Selection of
this intensity is expected to lead to a response in both populations
of R = ih 2, or
2
since i = 1, R = h for each of the five
traits.
To facilitate this analysis, the additional
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