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Abstract

Rooted cuttings of 40 different clones (genotypes) of Picea
abies L. Karst were planted on 7 contrasting test sites (envi-
ronments) in northern Germany. Various concepts on stability
and genotype x environment interactions (GxE) have been dis-
cussed using height data at age 17 years. Several parametric
and rank-based measures concerning GxE and stability were
estimated; and the relationships among them along with the
total height were determined. In addition, 5 different rank-
based measures that combine both stability and performance of
genotypes simultaneously have also been estimated. Although
ANOVA tests showed significant GxE, rank-based nonpara-
metric tests using S(m) statistics showed no significant differ-
ences among the clones in their interactive behavior. Overall
evaluation of various stability-related parameters indicate that
significant GxE interaction detected by F tests is quite small
in proportion (1.92%), clones contributed 7% and sites 50%
within the total variance. The observed clonal contributions to
interaction sum of squares are attributable mostly to changes
in environmental conditions associated with site factors. In fur-
ther selection and breeding with the clonal material at hand,
GxE interaction appears to be of minor importance in Norway
spruce, as it is also supported by the non-significance of rank-
based tests. Any one of the 5 indices that combine stability and
performance appears to be a better indicator than any other
single stability-related parameter in detecting genotypes with
both high stability and high performance.

Key words: Genotyp x environment interaction, ecovalence, stability,
environmental sensitivity, rank-based tests.

Introduction

Picea abies L. Karst. (Norway spruce) is one of the important
forest tree species in central and northern Europe. The species
has been subject to intensive genetic selection and breeding
since the 1960s. One of the large-scale selection and clonal
propagation programs on Norway spruce has been developed at
the Lower Saxony Forest Research Institute (LSFRI), Dept of
Forest Genetic Resources (KLEINSCHMIT et al., 1973, KLEIN-
SCHMIT and SCHMIDT, 1977, KLEINSCHMIT, 1993). As part of this
program, cuttings were taken from different provenances of
outstanding performance, and rooted cuttings were serially
propagated on a three-year cycle. Selection of the best clones
has been carried out at each propagation cycle based on nurs-
ery and field performance of the clones. The genotypes used in
this study are the outcome of such truncation selection.

Growth trends in 17-year-old Norway spruce clones at seven
test sites in northern Germany were evaluated in an earlier
study (ISIK et al., 1995). The results of this study indicated sig-
nificant differences among the test sites, among the clones, and
significant clone x site (GxE) interaction. However, stability-
related parameters were not covered in the same study. 

The objectives of this study, using the data in ISIK et al.
(1995), are to identify the most- and the least- interacting
clones, to estimate various (parametric and rank-based) stabili-
ty-related clonal parameters, and to make comparisons among
them. Utilizing information obtained from these objectives and
from the overall clonal performance, one can make inferences
as to which genotypes to be selected for further breeding and
plantation purposes.
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Stability-related Parameters: Brief Comments

In plant breeding, uniform performance of selected genotypes
is expected across a given management unit of land. Further,
when grown under different environmental conditions, there
should be no or very little genotype x environment interaction
(GxE) for the set of genotypes selected. In other words, select-
ed genotypes should display an acceptable stability level in
their performance. In order to meet these requirements and to
be able to identify stable genotypes, various parameters of uni-
formity, stability and/or interaction have been developed by
several researchers. 

Genotype Environment (GxE) interaction is defined as the
relative impact of differential environmental changes on phe-
notypes. That is, GxE is meaningful only for a set of genotypes,
and not for a single genotype. Stability, on the other hand, is
used in the context of homeostasis. It is the ability of a geno-
type (individual, clone, population) to keep its phenotype
invariant despite the changes in environmental conditions.
Therefore, stability is a characteristic of a single genotype.

Some of these stability-related parameters and associated
concepts are briefly reviewed below.

Parametric measures

Measure of uniformity across the management units of lands (or
test sites)

Environmental variance (S2
Xi

) is the phenotypic variance of
the ith genotype across the test environments. When clone i dis-
plays a uniform performance over all the test sites, then, by
definition, environmental variance equals zero. From the view-
point of a static concept of stability, genotypes with zero or
small environmental variance are the stable ones. In reality,
however, a certain positive response of a genotype is desirable
as the quality of environment improves. Therefore, S2

Xi
,

although a good measure of “uniformity” across the test sites,
is far from being an acceptable stability index for most quanti-
tative characters. Such a concept of stability is desirable for
quality characters only, such as resistance to disease or stress
etc (BECKER and LÉON, 1988).

Coefficient of variation (CVi) is often considered as a measure
of relative variability levels of different entities having differ-
ent means. CVi has the advantage over S2

Xi 
to measure unifor-

mity of genotypes across environments, since it is independent
both from the unit of measurement and from the magnitude of
means of different genotypes. As applied in this study, it mea-
sures the relative uniformity of clones across the test sites.
Theoretically, a clone with CVi = 0.0 would have the same
height at all test sites. Yet, the CVi value does not reflect any
level of interaction, since CVi of each clone is independent of
the individual test site means and the means of associated
clones.

Contribution of individual genotypes to the total interaction

Traditional ANOVA provides information on the significance
level of GxE, but not on the contributions of individual geno-
types to total interaction. “Ecovalence” (Wi), proposed by
WRICKE (1962), estimates the contribution of individual geno-
types to the total interaction sum of squares. Genotypes with
low Wi are considered relatively stable among a given set of
genotypes. BECKER and LÉON (1988) suggested that Wi is a
more direct measure of GxE, and proposed to name it “stability
variance”.

Measure of response or environmental sensitivity of individual
genotypes

Environmental sensitivity or response of a genotype is sim-
ply the regression of its own phenotypic value (Xij values) on

the environmental value (X
–

.j values) (Xij and X
–

.j values are
given in Table 1). The regression coefficient (bi) has been used
as a measure of stability by several researchers (FINLAY and
WILKINSON, 1963; OWINO, 1977; ST. CLAIR and KLEINSCHMIT,
1986; LI and MCKEAND, 1989; MCKEAND et al., 1990). The value
bi = 1.0 indicates average stability, bi > 1.0 low stability, and bi
< 1.0 high stability. However, what level of bi value should be
considered as “the most desirable” is a subjective choice, since
it often depends on the objectives of breeder, crop species in
consideration and homogeneity of land under management. For
example, for an annual crop species to be grown with intensive
care in a homogenous site, a farmer may prefer “responsive”
(high bi value) genotypes. On the other hand, a forest manager,
who has to deal with forest trees that ought to endure fluctua-
tions of various environmental factors both in space and time,
may prefer “average bi” genotypes. In low yielding sites, a
breeder may prefer low bi genotypes (bi < 1.0) [Yet, no beeder
would be interested in such environments; and as stated by
BECKER and LÉON (1988), “there will be no commercial interest
in developing special varieties for such environments”]. There-
fore, in the real sense of stability, bi value is not a good mea-
sure of stability per se. As indicated by BREESE (1969), POWELL

et al. (1986) and also by BECKER and LÉON (1988) bi character-
izes the specific response of a given genotype to changing envi-
ronmental factors. Thus, bi should be considered as a response
parameter and/or as a measure of environmental sensitivity or
phenotypic plasticity of a given genotype. 

Measure of proportion of GE that is attributable to regression 

Coefficient of determination (ri
2), as proposed by PINTHUS

(1973), is also a stability-related statistics obtained for ith geno-
type by regression approach as bi above. Value ri

2 indicates how
strongly the variability of a dependent variable (phenotypic
value) can be explained by the independent variable (environ-
mental value). It measures the proportion of GxE accounted
for by regression (or by environmental sensitivity), and shows
how well the linear model fits the data for a given genotype.
Genotypes with higher ri

2 value are more predictable across dif-
ferent environments. In addition, CNDi = 1 – ri

2 is known as the
coefficient of nondetermination (SOKAL and ROHLF, 1995). It
measures the proportion of GxE not accounted for by regres-
sion.

ST. CLAIR and KLEINSCHMIT (1986), and MCKEAND et al.
(1990) took ri

2 as a complementary parameter to be considered
together with bi to detect stable genotypes. Provided that other
stability-related parameters are equal, genotypes with higher
ri

2 or smaller CNDi are more stable, thus more desirable for
breeder. 

Deviation mean squares (S2
di)

Deviation mean squares (S2
di), first proposed by EBERHARDT

and RUSSEL (1966), is widely used as stability parameter in
both crop species and in forest tree breeding studies (see, for
example, ST. CLAIR and KLEINSCHMIT, 1986; SKRØPPA, 1984;
BECKER and LÉON, 1988). Both bi and Wi are the components of
S2

di. It is also strongly related to CNDi (BECKER and LÉON,
1988).

Rank-based Measures

HUEHN (1996) argues that GxE may appear even without
changes in relative performances of genotypes. He points out
that the breeder is not interested in GxE interaction per se,
but rather in clarifying whether the best genotype in any one
particular environment is also the best in other environments.
Therefore, the relative ranks of genotypes are more important
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than their absolute values. Similarly, SKRØPPA (1984) states
that plant breeders have essentially two groups of genotypes
within their study material: one group is to be selected for fur-
ther breeding and the other group to be culled. He is right in
noting that changes in ranking between members within each
group have no significance (for practical purpose). More impor-
tant is the extreme rank changes between genotypes belonging
to separate groups. Both because of these arguments, and
because of their advantages over parametric methods, we also
applied the following rank-based methods on our data.

Huehn’s Si
(1) and Si

(2) parameters

If a genotype has identical rank across test sites, it is consid-
ered to have maximum stability, and shows Si

(1) = 0 and/or Si
(2)

= 0. These parameters are independent from the yield level,
since they are based on transformed Xijk values (HUEHN, 1990,
1996, and NASSAR and HUEHN, 1987).

Nassar and Huehn’s Zi
(m) and S(m) statistics

To validate the assumption of no significant genotype x envi-
ronment interaction, an approximate statistical test of signifi-
cance has been developed by NASSAR and HUEHN (1987). The
same test was further discussed by HUEHN (1990), HUEHN and
NASSER (1991), KRENZER et al. (1992) and PIEPHO (1992). 

Rank-based measures that combine stability and performance
(CSPi)

Genotypes, which are identified as “stable” and thus desir-
able based on their stability-related parameters, may not be, in
many cases, the ones with desirable performance or yield. The
problem, then, is to detect the genotypes with both desirable
stability and high performance. Yet, in all of the stability-relat-
ed parameters above, this problem still remains to be evaluat-
ed. One proposal to clarify this problem is to plot the stability-
related values (on Y axis) of a genotype against the site means
(on X axis) of the same genotype. On such a graph, the most
desirable genotypes (genotypes with high performance and low
stability value) would locate in the lower right corner of the
plot (FINLAY and WILKINSON, 1963; SKRØPPA, 1984; ST. CLAIR

and KLEINSCHMIT, 1986). Another proposal is to employ new
parameters that consider stability and performance simultane-
ously. To meet this purpose we used five different measures in
our study parameters (CSPi1, CSPi2, CSPi3, CSPi4, CSPi5). The
first two of these combined stability and performance (CSPi)
parameters were proposed by HUEHN (1979, 1996), and the
remaining three by NASSAR, LÉON and HUEHN (1994). 

Materials and Methods

Genetic Material and the Test Sites

Cuttings of the 40 clones used in this study were tertiary
cuttings (third cycle of vegetative propagation started in 1968),
which were rooted in spring 1974 and grown for three years in
the nursery at the LSFRI (KLEINSCHMIT et al. 1973; KLEIN-
SCHMIT and SCHMIDT, 1977). During spring 1977, cuttings and
control seedlings were planted at 7 contrasting sites in north-
ern Germany. Initially, 20 ramets per clone were planted at
each test site. These sites represent environments where Nor-
way spruce clones from this program can be planted in the
future. Height of each tree was measured at age 17 years to the
nearest 5 cm.

Bio-statistical Analyses on Stability-related Measures

Parametric Analyses

Overall analysis of variance was performed using untrans-
formed data. The stability-related parameters have been esti-
mated using the data in Table 1. 

a. Analysis of variance (ANOVA)

ANOVA model was applied for overall comparisons (among
test sites, among genotypes (clones), clone x site interactions)
(SOKAL and ROHLF, 1995). Model for this ANOVA was:

Xijk = µ + Ci + Sj + CSij + eijk,    where           
Xijk = Observed value of the kth individual (ramet) of the ith

clone at the jth site;
µ = Overall expected mean (of N = s.c.t individuals);
Ci = Effect of the ith clone (i = 1, 2 ... c, c = 40);
Sj = Effect of the jth site (j = 1, 2 ... s, s = 7);
CSij = Interaction between the ith clone and jth site;
eijk = Error term (within clone)
[k = 1, 2 ...t, t = number of trees (ramets) per clone, initial

number of t = 20]

The ANOVA model for clonal comparisons to estimate clone x
site interaction sum of squares was based on clonal means at
the test sites (as presented in a two-way table with clone x site
in Table 1). Model for this ANOVA was:

Xij = µ + Ci + Sj + eij where              
Xij = Mean value of the ith clone at the jth site
µ = Overall mean (of N = s x c observed means)

b. Environmental variance (S2
Xi

) and coefficient of variation
(CVi)

Table 1. – Height means (cm) and ranks of 40 Picea abies clones at
seven test sites.

* Abbreviations for the test sites: P = Paderborn, H = Holzminden, 
L = Lautenthal, S = Syke, B = Binnen, M = Medingen, K = Katten-
bühl.

** Clones are ranked in descending order of original height, the tallest
clone having the rank of 1.

a, b, c: Mean height of clone across all test sites; mean of all clones in a
test site; overall mean, respectively (cm).
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To determine each of these parameters for a given genotype
(clone) across the test sites, clonal values (Xij) at each test site
were taken as the basis by the equations below:

CVi = (SD x 100) / X
–

i.,   where                    

SD = Standard deviation = ����S2
Xi

and,

X
–

i. = Mean of clone i for all sites (i = 1, 2 ... c, c = 40);

S2
Xi

= Σ
j 

(Xij – X
–

i.)
2 /(s –1) = Environmental variance  

as annotated by BECKER and LÉON (1988).

c. Ecovalence (Wi) values

It was calculated for each clone according to WRICKE 1962. 

d. Regression coefficients (bi)

To measure this parameter for a given clone, we followed the
method of FINLAY and WILKINSON (1963).

e. Coefficient of determination (ri
2) and nondetermination

(CNDi)

These parameters for each clone were calculated from regres-
sion analyses, using the below equation and related data in
Table 1.

ri
2 = bi Σj 

(X.j – X
–

..) (Xij – X
–

i.) / Σj 
(Xij – X

–
i.)

2

f. Deviation mean squares (S2
di)

It was calculated according to equation given by BECKER and
LÉON (1988).

g. Correlation coefficients

Pearson Correlation Coefficients (r) were found to determine
degree of associations between various clonal parameters

Rank-based Analyses

HUEHN’s Si
(1) and Si

(2) parameters were annotated and calcu-
lated for each clone according to HUEHN (1990, 1996) and NAS-
SAR and HUEHN (1987). NASSAR and HUEHN’s Zi

(m) and S(m) sta-
tistics were found according to HUEHN (1996), using the origi-
nal notation.

We calculated five different rank-based measures (CSPi1,
CSPi2, CSPi3, CSPi4, CSPi5) that combine stability and perfor-
mance for a give clone. The first two of these parameters were
calculated according to HUEHN (1979, 1996), and the remaining
three according to NASSAR, LÉON and HUEHN (1994). 

To perform rank-based tests (except calculating CSPi4 and
CSPi5), original Xijk values were first transformed into Xijk* val-
ues as proposed by HUEHN (1996). All the above parametric and
rank-based biostatistical procedures were performed using SAS
(SAS 1987) and our own programs.

Results and Discussion

Parametric Stability-related Measures

The results of overall analyses of variance are presented in
Table 2. We found significant GxE among 17 years old Picea
abies clones growing on seven test sites (P < 0.001). Yet, when
the variance components were partitioned, the contribution of
GxE on total variance was relatively small [i.e., σ2

cs / (σ2
s + σ2

c +
σ2

cs + σ2
e) = 1.92%, and σ2

cs / (σ2
s + σ2

c + σ2
cs) = 3.26%].

We estimated the contribution of each clone to the total
interaction sum of squares by WRICKE’s (1962) ecovalence val-
ues (Wi). The first 10 clones with the highest stability (lowest
Wi, i.e., the lowest contribution to GxE) were the clones with
height ranks of 18, 32, 16, 39, 34, 5, 19, 38, 3 and 21 in that
order (Table 3). Among these, only four (3, 5, 16, 18) had height
growth above overall mean height, which is 643 cm. Clones
with ht ranks of 1, 4 and 6 had corresponding Wi ranks of 39,

31 and 40, respectively. The best performing clone (clone 123)
had Wi rank of 39, and thus made the 2nd highest contribution
to GxE interaction. There were no significant correlations
between clonal height and Wi values. The positive tendency of
relationship between clonal height (X

–
i.) and Wi value (r = 0.27,

P < 0.09) indicates that faster growing clones tend to be the
less stable ones. ST. CLAIR and KLEINSCHMIT (1986) using the
same genetic material from the test sites, when the trees were
10 years old, found similar trends (r = 0.22 ns). 

Clonal relative variability level CVi value had significant
negative relationship with clonal height, which indicates that
taller clones exhibited greater uniformity (smaller  CVi) among
the test sites, which is a desirable outcome for the interests of a
breeder. Among the top 10 height performers, 5 genotypes
(those with height ranks 1, 2, 3, 5 and 9) would also be among
the best 10 CVi clones in that order. CVi detected best perform-
ing genotypes better than did Wi. 

CNDi, (i.e., 1 – ri
2), estimates the proportion of GxE not

accounted by regression slope. In our study, 34 out of 40 clones
had very low (less than 10%) CNDi values, which indicates rel-
atively high stability for the clones involved. 

S2
di, estimated by employing regression approach, is another

parameter that describes the contribution of each genotype to
total GxE. It is highly correlated with Wi (r = 0.75***) and
CNDi (r = 0.93***). 

If the regression coefficient (bi) values are considered as sta-
bility measures, four best clones in height growth (height ranks
4, 6, 8 and 10) would have been determined as “sensitive”
(because each had bi ≥ 1.17), and thus they have been eliminat-
ed if selection had been based on bi value alone. Furthermore,
bi did not show any statistically significant relationships with
Wi and S2

di, as it was also the case in an earlier study on the
same species (ST. CLAIR and KLEINSCHMIT, 1986). Studies with
maize and barley also reported no significant relationships of bi
with Wi and (BECKER, 1981). BREESE (1969), POWELL et al.
(1986) and BECKER and LÉON (1988) also indicated that bi char-
acterizes the specific response of a given genotype to environ-
mental factors, not the “stability” per se. All these and our
results show that bi should not be treated as stability parame-
ter by itself. We regard bi as a measure of “response” or “envi-
ronmental sensitivity” of a genotype rather than as a direct
measure of stability.

Table 2. – ANOVA results for height of Picea abies clones at age 17
years.

***: Significant at the 0.1% level.
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indication that rank-based stability parameters are compro-
mising measures of stability, detecting measures also mea-
sured by other stability-related parameters. Furthermore,
these parameters are based on ranks, less sensitive to errors of
measurement than the parametric estimates, and addition or
deletion of one or a few observations does not cause great devi-
ation from the estimate, even if they could be outliers (NASSAR

and HUEHN, 1987; BECKER and LÉON, 1988; HUEHN, 1990). 

Relationships among parametric and rank-based stability-
related parameters 

The following statistically significant correlations were found
among the parametric stability-related parameters: (Very
strong, positive) between CVi and S2

Xi, between CVi and bi,
between bi and S2

Xi, between Wi and S2
di, between Wi and

CNDi, between CNDi and S2
di. (Strong, negative) between

CNDi and bi. (Moderate, negative) between CNDi and CVi,
CNDi and S2

Xi. Similarly, rank-based stability-related parame-
ters, Si

(1) and Si
(2) showed very strong positive relationships

both among themselves and with Wi, S
2
di, and CNDi. 

Combined (stability + performance) measures

Among the several available methods that consider selection
of both high stability and high performance simultaneously, we
applied those proposed by HUEHN (1979, 1996) and NASSAR,
LÉON and HUEHN (1994). Two of these parameters (CSPi1 and
CSPi2) have been applied by several researchers and were
found to be very useful for selecting genotypes with both high
stability and high performance (e.g., LÉON, 1986; KANG and
PHAM, 1991). Application of both these and three other com-
bined stability and performance parameters in our study also
indicated that, all are very promising to detect genotypes with
both acceptable (relatively high) stability and high perfor-
mance. Suppose that top 25% of genotypes (10 clones) are
selected based on height growth alone, clones with height
ranks 1 to 10 would be selected (clones 123, 37, 95, 41,188, 107,
103, 26, 143, 87 in descending order). On the other hand, when
selection is made on the basis of index CSPi1 alone, 6 of these
top performers (i.e., 188, 95, 37, 41, 103 and 26) would also be
included among the selected genotypes. Similarly, index CSPi2
would include 5 of the top performers (i.e., 188, 95, 37, 41, 26)
and index CSPi3 would include 6 of them. Two recently pro-
posed indices by NASSAR, LÉON and HUEHN (1994) (i.e., CSPi4
and CSPi5) would include higher numbers of top growth per-
formers: CSPi4 would have 8, and CSPi5 would have 9 of the top
10 growth performers [Clone 107 (height rank 6) would not be
chosen by CSPi4, and clone 87 (height rank 10) would not be
chosen by both]. 

To view it from a different perspective, among the 25% to be
selected, CSPi1 would select height ranks 5, 3, 2, 4, 18, 7, 8, 11,
17 and 16 in that order of preference. CSPi5 would select height
ranks 1, 3, 2, 5, 4, 7, 8, 6, 12 and 9. Such sequencings can be
made in similar ways for CSPi2, CSPi3 and CSPi4 indices. It can
be seen from these orderings that CSPi4 and CSPi5, compared
to the first three indices, gave more weight to performance
than stability. In other words, CSPi4 and CSPi5 are relatively
more “conservative” than CSPi1, CSPi2 and CSPi3, in that they
are giving higher priority to high performing genotypes. An
empirical observation in our data may clarify the point further:
Clones 123 (height rank 1) and 143 (height rank 9) are among
the first 10 top performers. Both appears less stable according
to both Si

(1) and Si
(2) parameters (ranks 39 and 37, respectively

in both parameters). These two clones would not be included
among the top 10 clones selected by CSPi1, CSPi2 and CSPi3.
However, they would be included among the top 10 clones
detected by both CSPi4, and CSPi5.

Table 3. – Various parametric stability-related indices* for 40 clones at
seven test sites.

* See the text for explanations of indices.

Rank-based Stability-related Measures

We estimated Si
(1) and Si

(2) values based on transformed
height values for each clone (NASSAR and HUEHN, 1987). Geno-
types with low Si

(1) and/or Si
(2) values are considered to have

the high stability. To test whether a given genotype is signifi-
cantly different in its Si

(1) value, we estimated S(1) statistics,
which is the sum Zi

(1) values determined for each genotype
(NASSAR and HUEHN, 1987). Overall test based on S(1) statistics
(S(1) = 34.73) showed that there were no significant differences
among the stability values of the 40 different clones in our
study. 

To test significance of Si
(2) values of the clones, Zi

(2) values
and the corresponding Si

(2) statistics were used and interpreted
in the same way as Si

(1) and Zi
(2) statistics (NASSAR and HUEHN,

1987). Again, overall S(2) statistics [S(2) = 46.65] were found to
be smaller than Chi-square value, χ2 = 55.76 (d.f. 40, α = 0.05),
which indicates overall non-significance as it was the case with
S(1) statistics. 

Application on our data demonstrated that HUEHN’s Si
(1) and

Si
(2) stability measures are preferable to parametric measures

in many ways. For example, Si
(1) and Si

(2) showed strong rela-
tionships both among themselves and with Wi, S

2
di and CNDi.

Higher magnitudes of these empirical relationships between
Si

(1) and Si
(2) and other stability-related parameters is a strong
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NASSAR et al. (1994) proposed a method to test significance of
combined stability and performance (CSPi) measures. In cases
when there are 3 or more replications (i.e. 3 or more two-way c
x s tables) one can use F statistics from ANOVA to test for dif-
ferences and carry out a posteriori (multiple comparisons) tests
among genotypes in regard to CSPi measures.

There were very strong positive correlations among the com-
bined stability and performance indices. All showed strong neg-
ative correlations with clonal height (X

–
i.). Their significant neg-

ative relationships with clonal height imply that selecting for
fast growing genotypes will also result in a base population
with relatively stable individuals. KANG and PHAM (1991) found
similar relationships for CSPi1 and CSPi2 in several sets of
maize trails. By looking at the magnitudes of the correlation
coefficients, one may conclude that CSPi5 was a better predic-
tor of height (performance) rank than the other indices. The
order of predictive powers of CSPi indices for performance was:
CSPi5, CSPi4, CSPi3, CSPi1 and CSPi2.

CSPi indices generally did not show any significant relation-
ships with the parametric stability-related measures. Only CVi
(which is a “static concept” parameter as called by BECKER and
LÉON, 1988) was moderately (P < 0.05) correlated with four of
them, and nearly so with CSPi2 (P < 0.06). This means that any
clone that show less variation (more uniformity) among the
test sites had higher probability of being detected by any of the
CSPi indices, which is an advantage for the breeder.

The correlation coefficients between CSPi indices and rank-
based stability measures [Si

(1) and Si
(2)] were also not signifi-

cant, except in one case: CSPi5 showed moderate negative rela-
tionships (r = –0.35, P < 0.05) with Si

(2), and nearly so with Si
(1)

(r = –0.31, P < 0.07). These negative relationships between
CSPi5 and Si

(1), CSPi5 and Si
(2) parameters are additional indi-

cation that CSPi5 gives more weight to height than stability
values. The results suggest that CSPi5 is better than the other
four CSPi indices. In accordance with the above considerations,
HUEHN (1996) in his review suggest that CSPi5 is preferable
since it has a slightly higher power than the indices CSPi3 and
CSPi4. One additional convenience is that it does not require
transformation of the original data.

The lack of significant correlations between CSPi indices and
the other stability-related parameters can be explained by the
modified nature of the CSPi indices. They combine both stabili-
ty and performance levels, which is not considered simultane-
ously by the other measures. 

In regard to combined stability and performance indices
(CSPi), there remains one question to be settled: Should stabili-
ty and performance be weighted equally? KANG and PHAM

(1991) discussed and compared several indices developed by
differential weighting procedures. They concluded that index
that assumed equal weight for yield (performance) and stabili-
ty would be preferable to those that give 2-, 3-, 4- and 5-times
more weight to performance than stability. They also found
HUEHN’s CSPi1 and CSPi2 indices (before the three others were
proposed) are more useful than “weighted” indices in detecting
genotypes with high performance and stability simultaneously.
The general expectation concerning interaction of different
genetic entities is that clones exhibit higher GxE than popula-
tions and progenies, since they have not the genetic buffering
possessed by populations and/or progenies against environmen-
tal heterogeneity. This buffering prevents high GxE by favor-
ing different genotypes under different environments, and thus
stabilizing the entity (KLEINSCHMIT, 1983; HUEHN, 1992). In our
study, however, clonal material (which is growing under very
contrasting environments) showed relatively low level of inter-
action. Regarding stability, these results are somewhat differ-

ent from the general expectation. One explanation for this may
be the fact that the clones in this study are originating from
third propagation cycle, which implies three previous selection
steps under different annual and – as far as field tests are
included – spatial environments. This procedure by itself indi-
rectly includes a selection for uniformity with an apparent con-
sequence that the resulting individual genotypes (clones) can
be relatively stable over a quite considerable range of environ-
ments. In view of faster environmental changes such genotypes
are preferable.

Conclusions

1) Variance component due to GxE (clone test site) interac-
tion was statistically significant by parametric ANOVA tests.
However, when rank-based tests by S(m) statistics were applied
on the same data, GxE interaction was not statistically signifi-
cant. In this respect, ANOVA tests, which require several firm
assumptions to be fulfilled, appear to be more conservative
than rank-based tests.

2) Our results showed that there were no significant rela-
tionships between clonal Wi and height values. Wi is a good
measure to determine interactive behavior of individual clones,
yet it is not a preferable stability parameter per se, to select
good performers. 

3) In general, genotypes that had low regression slopes (bi <
1.0) have been considered “stable” and thus desirable in many
of the earlier studies. Our results showed that many genotypes,
in contrast to their relatively low bi values, had relatively high
Wi values (i.e., greater contribution to interaction), or vice
versa. There were no significant relationships between bi and
X
–

i., bi and Wi, bi and S2
di values. Therefore, according to our

results, bi, per se, is also not a good measure for stability of a
given genotype.

4) Clonal CVi value derived from environmental variance
(S2

Xi) is better indicator of relative uniformity across the test
sites than S2

Xi itself. CVi had a significant negative relationship
with average clonal height, indicating that taller clones exhib-
ited greater uniformity among the test sites, which is a desir-
able outcome for the breeder’s interests. Among the top 10
height performers, 5 genotypes (those with height ranks 1, 2, 3,
5 and 9) would also be among the best 10 CVi clones in that
order. 

5) CNDi indicates the proportion of interaction not accounted
by regression slopes. In other words, relatively small CNDi val-
ues in our study show that higher proportion of GxE is attrib-
utable to environmental changes associated with site condi-
tions. Very strong positive correlations of CNDi with S2

di, and
also with Wi indicate that genotypes identified by either S2

di or
Wi for their high interaction can also be detected by CNDi with
a very high probability.

6) Rank-based stability measures estimated in our study
(i.e., Si

(1) and Si
(2)) are free from the rigid assumptions of para-

metric tests, and they are less sensitive to errors of measure-
ment than the parametric estimates. Both had strong relation-
ships with each other, and with Wi, S2

di and CNDi; implying
that Si

(1) and Si
(2) detect effects also measured by other stabili-

ty-related parameters. According to our results, S(m) test, which
employs Si

(1) and Si
(2) indices, appear to be more liberal than

ANOVA tests to detect significance in GxE. Overall, both Si
(1)

and Si
(2) could be a highly compromising indices for stability,

where Si
(1) was a better measure than Si

(2).

7) Genotypes, which are identified as “stable” and hence
desirable based on their stability-related parameters, may not
be, in many cases, the ones with desirable growth performance.
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Therefore, we estimated five separate indices (CSPi1 to CSPi5)
that combine stability and performance simultaneously. All of
these indices were very effective to detect genotypes with both
desirable stability and performance levels. Among the five
indices CSPi5 was the best index both in its predictive power
and in its applicability. 
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Abstract

Cryptomeria japonica pollinosis has recently become a seri-
ous problem in Japan. Two major allergens of C. japonica polli-
nosis, Cry j 1 and Cry j 2, have been isolated and characterized.

Cry j 1 and Cry j 2 are basic proteins with molecular weights of
41-46 kDa and 37 kDa, respectively, and it was reported that
more than 90% of C. japonica pollinosis patients had IgE spe-
cific to both of them. Several studies have found large varia-
tions in the content of Cry j 1, a major allergen of C. japonica
pollinosis, suggesting that pollinosis could be reduced by
replacing current C. japonica varieties with trees that produce
less Cry j 1. In this study, Cry j 1 contents were compared in
pollen produced with and without inducing male flowering by
applying gibberellic acid (GA), which is a very useful technique
for stimulating pollen production in targeted trees. No effect of

Inducing Male Flowering by Applying Gibberellic Acid has no Effect 
on the Cry j 1 Content in Cryptomeria japonica Pollen 

By Y. GOTO1*, T. KONDO1 and H. YASUEDA2

(Received 22nd January 2003)

1 Forest Tree Breeding Center, 3809-1 Ishi, Juo, Taga, Ibaraki, Japan
2 Clinical Research Center for Allergy and Rheumatology, National

Sagamihara Hospital, Sakuradai 18-1, Sagamihara, Kanagawa, Japan
* Corresponding author. Forest Tree Breeding Center, Ishi 3809-1, Juo,

Taga, Ibaraki 319-1301, Japan. Tel: +81-293-32-7000. Fax: +81-293-
32-7306. E-mail: gomama@affrc.go.jp


