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Abstract.--The predictability of stability indices at different
developmental stages of seedling growth was studied in forty openpollinated families of jack pine (Pinus banksiana Lamb.). Two sets of
studies were conducted simultaneously under greenhouse conditions. In
the first, the seeds were germinated under four levels of water
stresses; in the second, they were grown on four soil media. Stability
indices were calculated for radicle length of germinating seeds and
total seedling biomass using the Eberhart-Russell model. The
correlation of stability indices from the two developmental stages under
similar environmental conditions was insignificant. We conclude that
the unpredictability of stability may be associated not only with
genotype-environment interactions, but also with developmental and/or
demographic genetic effects.
Additional keywords: Jack pine, stability indices, developmental
stages.
Breeding for consistent performance of genotypes across environments is
one of the primary goals in many tree improvement programs. The relative
sensitivity or stability of genotypes across environments is described in
terms of genotype-environment interactions (Haldane 1946, Falconer 1952,
Allard and Bradshaw 1964, Zobel and Talbert 1986). Genotypes that show least
sensitivity or greatest buffering to environmental changes are selected and
propagated. The magnitude of sensitivity of genotypes to environmental
variations is generally estimated using phenotypic stability models (Finlay
and Wilkinson 1963, Eberhart and Russell 1966, Hanson 1970, Freeman 1973).
These models assume that the most stable genotype will show the least variance
for a given trait across environments. With this assumption, stability is
measured in terms of regression (stability index or "b" value) of performance
of a genotype in different environments on the respective means of all
genotypes. The most stable genotype is characterized by a regression
coefficient of 1, with minimum deviation from regression.
In practice, genotypes are grown under different environmental (field)
conditions; the "b" values are subsequently estimated for the character of
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interest. Also, the stability values are generally estimated at a single
developmental stage in the life history of the organism. In addition,
evaluation of large number of genotypes under a wide array of environmental
conditions is often a formidable task, particularly in tree breeding programs.
Therefore, if a positive significant correlation between stability indices at
different developmental or demographic stages or both, consistently exist, for
similar set(s) of environmental conditions, then it is possible to select
genotypes under laboratory (greenhouse) conditions. The objective of this
study was to examine the relationship between stability indices estimated on a
number of genotypes of jack pine (Pinus banksiana Lamb.), under similar sets
of environments, at two different developmental stages. Germinating seeds
were used to estimate phenotypic stability for the following reasons: a) the
rate of germination is a genetically controlled trait (Whittington 1973), and
thus influences the subsequent development of growth of plants (Hayes et al.
1955, Harper 1977), and b) a large number of families could be evaluated
economically under extremely diverse environmental conditions in a very short
time.
METHODS
The seed material used in this study consisted of 40 open-pollinated
families from a single stand in Central Alberta. Two sets of experiments were
carried out simultaneously using the same seed material. The experiments were
laid out in a randomized block design with four replications. Experiment 1
consisted of four arbitrary levels of salt (water) stresses; they are: 1)
control (deionized water), and sodium chloride, 2) -1.14, 3) -2.29, 4) -3.43
bars. Ten seeds from each family were placed in 9 X 1 cm petri dishes on
Whatman No. 1 filter paper, and each petri dish was considered as a
replication. Filter papers in the petridishes were moistened once every three
days with 5 ml of the appropriate solution from the day of sowing. The seeds
were allowed to germinate for 12 days under greenhouse conditions. Data were
recorded on five randomly chosen radicles from each family and each
replication. Experiment 2 was initiated with fifty seeds from each of the
forty families. These were germinated separately, on a thin layer of inert
sand, in a mist chamber. Ten, 10-day old seedlings were selected at random
from the fifty seeds of each family, and were transplanted at the rate of one
seedling per pot in each of the four media. The media included sand (medium
1; pH = 8.6), silt (medium 2; pH = 6.8), 50:50 peat vermiculite mixture
(medium 3; pH = 4.5), and peat (medium 4; pH = 3.8), placed in 2.5 X 2.5 X 5
cm seedling trays. The seedlings were grown under greenhouse conditions for
120 days. At the end of the experiment, all ten seedlings from each of the
families and treatments were harvested at the root collar level, and their
fresh weight immediately determined. Data on mean radicle length and biomass
of each family from the each environment were used to calculte stability
indices according to Eberhart and Russell (1965). The relationships between
mean radicle length, biomass production and their respective phenotypic
stabilities, and between the phenotypic stabilities of radicle length and
biomass were calculated using Pearson correlation coefficients.
-

Table 1.--Mean radicle length, biomass production and phenotypic stability values of various
families under two sets of environment.

Table 1. Continued.

RESULTS AND DISCUSSION
The mean radicle length In the germination experiment was higher in the
(deionized water treatment), as expected, than under any of the other three
stresses; and decreased with the magnitude of stress. On the other hand, in
the seedling experiment, biomass production was highest on the peatvermiculite medium, but lowest in sand medium. The phenotypic stability
values for radicle length and for biomass varied from 0.856 to 1.616, and
0.414 to 1.790 respectively (table 1). An insignificant but positive
association was found between radicle length and its "b" values (figure la, r
= 0.038). On the other hand, a significant positive association was found
between biomass production and its phenotypic stability (figure lb, r = 0.937)
the correlation coefficient of "b" values between radicle length and biomass
production was slightly negative and insignificant (figure 2, r = -0.145).
The data presented in Table 1 indicate the following: 1) not all
families that showed a high degree of stability (b.-- 1) for highly stable
genotypes at germination stage show a similar response at seedling stages; 2)
only two families (27, 31) which showed relatively high stability (b = 1.120 1.188) for radicle length also showed a similar trend for biomass production;
3) when the criterion of minimum deviation (ie. maximum stability, b = 1) was
ignored, twenty percent of the families showed similar stability values (t
0.1) for radicle length and biomass production.
These results, although preliminary in nature, indicate that the average
performance of a genotype across environments (or sets) and developmental
stages is largely unpredictable. Although Mather (1953) suggested that
average response of genotypes to environmental stresses may be genetically
controlled, the relationship between stability and productivity is not
universal (Hardwick 1981); individual families show either specific or general
environmental sensitivities (Conolly and Jinks 1982). Accordingly, as found
in this study, certain genotypes may show some degree of stability
consistently across environments and also across developmental stages.
However, a general relationship among stability indices across environments,
across developmental and demographic stages is difficult to obtain. Recently,
Huhn and Leon (1985) also reported inconsistent relationships between
stability parameters and means of lines in different years on Brassica napus,
and cautioned against making generalizations using stability parameters in
plant breeding programs.
The inconsistent relationship between stability values at two
developmental stages could be due to the fact that data on radicle length and
biomass were obtained on different individuals of the same family raised under
two sets of environments. It has been suggested that any quantitative
character of a genotype when measured in different environments must be
considered as different characters, because in each environment, genes
associated with the expression of quantitative characters respond differently
(Falconer 1954, Yamada 1962). A similar argument could be made for characters
measured at different developmental and/or demographic stages. Indeed, agespecific gene action in the evolution of age-structured populations, such as
forest trees, is well-known (Charlesworth 1980). Furthermore, a linear and a

Figure 1. a. Association between mean radicle length of different families and
and their 'b' values (r = 0.038; p = N.S.); b. association between mean seedling
biomass of various families and their 'b' values (r = 0.937; p < 0.0001).

Figure 2. Association between the 'b' values of mean radicle length and mean
seedling biomass (r =-0.145; p = N.S.).

tripartite relationship among phenotypic stability, heterosis and productivity
has been reported for various crop plants (Adams and Shank 1959, Allard 1961,
Pfahler 1966). These concepts (particularly phenotypic stability) have been
considered as equivalent and commutative to the concept of homeostasis (Baker
1981). Nevertheless, reports indicate that phenotypic stability fluctuates
over years and environments (Weber and Wricke 1986, Huhn and Leon 1985). Also
the expression of both heterosis (Williams 1959, Griffing and Zsiros 1971,
Barlow 1982, Govindaraju and Dancik 1987) and homeostasis (Orzack 1985) is
strongly dependent on environmental variation. Therefore, we suggest that,
although many important advances have been made in plant and forest tree
breeding programs, using the concept of phenotypic stability its use as a
universal predictor of stability across spatial, temporal, developmental and
demographic differences based on correlated traits may be limited.
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