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Stability-related Parameters and Their Evaluation
in a 17-Year Old Norway Spruce Clonal Test Series
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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 GXxE 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 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.
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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 (SZXi) is the phenotypic variance of
the i,, genotype across the test environments. When clone  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, S2Xi’
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 LEON, 1988).

Coefficient of variation (CVi) is often considered as a measure
of relative variability levels of different entities having differ-
ent means. CV, has the advantage over S2Xi 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 CV, = 0.0 would have the same
height at all test sites. Yet, the CV, value does not reflect any
level of interaction, since CV, 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” (W,), proposed by
WRICKE (1962), estimates the contribution of individual geno-
types to the total interaction sum of squares. Genotypes with
low W, are considered relatively stable among a given set of
genotypes. BECKER and LEON (1988) suggested that W, 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 X values) on
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the environmental value ()Z . values) (X, and )? - values are
given in Table 1). The regression coefficient (b,) has been used
as a measure of stability by several researchers (FINLAY and
WILKINSON, 1963; OwiNo, 1977; ST. CLAIR and KLEINSCHMIT,
1986; L1 and McKEAND, 1989; MCKEAND et al., 1990). The value
b, = 1.0 indicates average stability, b, > 1.0 low stability, and b,
< 1.0 high stability. However, what level of b, 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 b, 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 b,” genotypes. In low yielding sites, a
breeder may prefer low b, genotypes (b, < 1.0) [Yet, no beeder
would be interested in such environments; and as stated by
BECKER and LEON (1988), “there will be no commercial interest
in developing special varieties for such environments”]. There-
fore, in the real sense of stability, b, 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 LEON (1988) b, character-
izes the specific response of a given genotype to changing envi-
ronmental factors. Thus, b, 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 (r?), as proposed by PINTHUS
(1973), is also a stability-related statistics obtained for ith geno-
type by regression approach as b, above. Value r? 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 r? value are more predictable across dif-
ferent environments. In addition, CND, =1 - riz 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 r? as a complementary parameter to be considered
together with b, to detect stable genotypes. Provided that other
stability-related parameters are equal, genotypes with higher
r? or smaller CND, are more stable, thus more desirable for
breeder.

Deviation mean squares (S%,)

Deviation mean squares (S?,), 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; SKR@PPA, 1984;
BECKER and LEON, 1988). Both b, and W, are the components of
S?%,.. It is also strongly related to CND, (BECKER and LEON,
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



than their absolute values. Similarly, SKrRgPPA (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 S/ and S, parameters

If a genotype has identical rank across test sites, it is consid-
ered to have maximum stability, and shows S/” = 0 and/or S,?
= 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 Z™ and S™ 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 P1EPHO (1992).

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

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; SKrRoPPA, 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 (CSP,,, CSP,, CSP,, CSP,, CSP,). The
first two of these combined stability and performance (CSPi)
parameters were proposed by HUEHN (1979, 1996), and the
remaining three by NASsAR, LEON 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)
(SorAL and ROHLF, 1995). Model for this ANOVA was:

X

Uk=y+Ci+Sj+CSij+eijk,
Xijk = Observed value of the k, individual (ramet) of the i,
clone at the j,, site;

1 = Overall expected mean (of N = s.c.t individuals);

C, = Effect of the i,, clone (i = 1, 2 ... ¢, ¢ = 40);

Sj = Effect of the j,, site (=1,2...5, s =7);

CS; = Interaction between the i,, clone and j,, site;

€ = Error term (within clone)

[k =1, 2 ..., t = number of trees (ramets) per clone, initial
number of ¢ = 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:

X;j=u+C;+S, +e; where

X,;=Mean value of the i,, clone at the j,, site

u = Overall mean (of N = s x ¢ observed means)

where

b. Environmental variance (SZXi) and coefficient of variation
(cvy

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

Clone Test site means (X ;) for clones* Clone ranks within test sites**
Code [Rank| ¥ « | P [ H [L [ S [ B [M| K [P[H[L[S|B| M| K
123 1 | 747 {726 717 |558 (858 (749 945 1676 (11 |1 |3 [15 |1 1 1
37 | 2 |721 |750 621 |574 |915 |[680 (840 666 |6 |7 (2 |6 [6 |14 | 3
95 | 3 |719 |736 625 |554 |889 (685 |875 (667 |7 (5 |5 |9 (|3 | 9 |2
41 4 |715 132|655 |557 |941 (665 (924 |533 |8 |2 (4 |3 |7 | 3 |24
188 | 5 | 712 |756 |640 |589 [851 |644 (912 1593 |4 |4 |1 (17 (8 | 4 | 7
107 | 6 [709 (820|599 444 (960 (683 (910 |549 |1 (12 34 |1 |5 | 5 |17
103 { 7 |709 |709 |622 |536 (956 |684 (876 |S81 |16 |6 |10 (2 (4 | 8 | 9
26 | 8 [0699 |758 |572 (544 |907 |591 941|579 |3 20 |7 |7 (17| 2 |10
143 | 9 |685 |699 |575 |487 (866 (690 (820 |659 (17 (19 |20 |12 |2 |17 | 4
87 |10 {683 [725 653 |468 |917 |572 |901 [542 |12 |3 |29 |5 20| 6 |19
152 (11 1676 {721 [609 (498 (920 (587 (870 |529 (13 |9 (18 |4 |18 |10 |25
145 |12 [675 784 1608 |546 (831 (534 (832|591 |2 (10 |6 {19 |26 |15 | &
197 |13 |672 1753 1551 |499 (868 (619 (879 |536 | S5 [25 {17 |11 |11 | 7 |21
101 |14 [661 (713 {553 (505 (901 |620 (844 |493 |15 |24 {15 |8 |10 |12 |32
46 [15 1657 {675 |549 479 |873 [565 |844 [611 [25 [26 24 |10 [22 |13 | 6
45 |16 |653 |664 (583 |516 |854 (615 (793 |548 |29 (16 (12 |16 (12 |22 |18
42 |17 |651 |692 612 |516 |843 (493 831 572 |19 |8 (13 118 [35 | 16 |11
18 |18 | 646 |661 [580 |505 (818 |574 |850 (535 |30 |17 {16 (21 |19 |11 |22
50 |19 [642 |682 |565 455 |865 |612 |795 |519 |23 (22 |31 |13 (13 |21 |27
125 |20 [638 |680 |591 (533 |738 [599 (758 |S71 (24 [14 |11 {37 |15 |32 |12
90 21 |637 |673 |600 |506 |812 (517 [783 |566 |26 (11 (14 122 (30 |25 |13
113 22 | 635 |729 |460 (542 (809 (546 1807 |552 |9 |40 |9 [23 23 | 18 |16
98 |23 |634 |691 |572 |446 |797 |611 |761 |561 (20 (21 |33 |24 (14 |30 | 14
196 |24 |629 (653 |584 |483 |786 632 |775 |490 (32 (15 |22 |30 (9 |28 |34
88 [25 |627 [720 |595 [474 |791 |541 [776 1489 |14 |13 |27 [28 [25 |27 |35
115 126 [626 |728 |547 (480 |793 |501 |798 |534 (10 29 |23 |26 (31 | 19 |23
4 (27 |626 |648 {549 |487 (825 |533 |724 (615 |33 |27 |21 |20 (27 |37 | 5
66 |28 |624 |635 (517 |544 |772 |570 |790 |538 |36 (33 |8 |34 |21 |23 |20
142 29 619 (685 |577 (478 |777 (597 727 |494 (21 (18 |25 |32 |16 |34 |31
116 |30 [618 |659 [548 [455 865 (485 (795 |519 (31 |28 [32 |14 |36 | 20 |28
9 |31 |614 [695|537 |475 (788 |497 (746 (558 |18 |31 |26 (29 (32 (33 |15
15 |32 | 609 |669 498 [494 (796 (544 (770 (491 (28 |35 |19 (25 (24 (29 |33
94 |33 |592 |683 |S46 (432 |776 |451 |760 |496 (22 (30 (35 |33 |38 |31 |30
118 (34 |590 |635 (479 [470 |786 (497 (790 |471 (35 |37 [28 |31 |34 | 24 |36
104 [35 |588 |643 [562 |415 [729 |529 [727 |510 {34 |23 [37 |38 |29 [35 |29
181 |36 |576 (671|505 |366 {772 [497 |776 |448 |27 134 |39 |35 |33 |26 |38
112 |37 |570 |619 (526 [463 (743 (391 |[719 |526 (37 (32 (30 |36 |40 | 38 |26
173 |38 |[551 |606 [462 |366 (792 [483 |725 |423 |38 |39 |40 |27 |37 |36 |39
11 39 |550 |595 468 |391 [700 |530 (716 (454 |40 |38 |38 |40 [28 |39 |37
189 |40 |522 |598 482 431 |703 (436 1662 ({343 [39 136 {36 (39 (39 |40 |40
)?,, b 692|567 |489 |830 |571 [809 541 | X °=643

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

*#* 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 (XL.J.) at each test site
were taken as the basis by the equations below:

CV,=(SDx100)/X,, where

SD = Standard deviation = \/?;t and,

)Z'i‘ = Mean of clone i for all sites (i = 1, 2 ... ¢, ¢ = 40);

Sy, = % X —XL)Q /(s =1) = Environmental variance
as annotated by BECKER and LEON (1988).

c. Ecovalence (Wl.) values
It was calculated for each clone according to WRICKE 1962.

d. Regression coefficients (b,)

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

e. Coefficient of determination (r?) and nondetermination
(CND,)

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

r?=b2(X,-X )X, -X,)/ (X, -X,)>
“X; X )/ 2 :

f. Deviation mean squares (S2,)

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

g. Correlation coefficients

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

Rank-based Analyses

HuenN's S;% and S,? parameters were annotated and calcu-
lated for each clone according to HUEHN (1990, 1996) and Nas-
sar and HUEHN (1987). Nassar and HUEHNs Z,™ and S™ sta-
tistics were found according to HUEHN (1996), using the origi-
nal notation.

We calculated five different rank-based measures (CSP,,
CSP,,, CSP,,, CSP,, CSP,) 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, LEON and HUEHN (1994).

To perform rank-based tests (except calculating CSP,, and
CSP,,), original Xk 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., 0% /(0% + 0% +
02&g + 028) =1.92%, and 02%_ / (02s + GZC + czcs) =3.26%].

We estimated the contribution of each clone to the total
interaction sum of squares by WRICKE’s (1962) ecovalence val-
ues (W,). The first 10 clones with the highest stability (lowest
W, 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 A, ranks of 1, 4 and 6 had corresponding W, ranks of 39,

136

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

Source of df Mean F value and Variance
variation square significance components (6_2 )
level
A: Based on individual observations due© absolute %
Sites = s 6 | 12125112 [439.83 *** cf 17960 50.1
Clones =¢ 39 315012 11.43 *** cf 2510 7.0
Clone x Site | 234 27568 1.88 *** "i 690 1.9
interaction ‘
Within 4440 14697 ) Z 14697 41.0
TOTAL 4719 35857  100.0
B: Based on clonal means de absolute %
Sites =s 6 731765 | 456.52 #** 03 18254 81.7
Clones = ¢ 39 19064 11.89 ##* 2 2494 11.1
Clone x Site | 234 1603 "f-x 1603 7.2
interaction
TOTAL 279 22351  100.0

##%: Significant at the 0.1% level.

31 and 40, respectively. The best performing clone (clone 123)
had W, rank of 39, and thus made the 2nd highest contribution
to GxE interaction. There were no significant correlations
between clonal height and W, values. The positive tendency of
relationship between clonal height (X;) and W, 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 CV, value had significant
negative relationship with clonal height, which indicates that
taller clones exhibited greater uniformity (smaller CV,) 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 CV, clones in that order. C'V, detected best perform-
ing genotypes better than did W,.

CND,, G.e., 1 - ri2), estimates the proportion of GXE not
accounted by regression slope. In our study, 34 out of 40 clones
had very low (less than 10%) CND, values, which indicates rel-
atively high stability for the clones involved.

S2,;, estimated by employing regression approach, is another
parameter that describes the contribution of each genotype to
total GXE. It is highly correlated with W, (r = 0.75%**) and
CND; (r = 0.93%%%),

If the regression coefficient (b,) 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 b, = 1.17), and thus they have been eliminat-
ed if selection had been based on b, value alone. Furthermore,
b, did not show any statistically significant relationships with
W, and S?;, 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 b,
with W, and (BECKER, 1981). BREESE (1969), POWELL et al.
(1986) and BECKER and LEON (1988) also indicated that b, 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 b, 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 3. — Various parametric stability-related indices* for 40 clones at
seven test sites.

Clone | Height 52 CV; b; 2 g2 Wi | ¢ 52 %W,
code | ramk R ! a i
123 1 15592 16.7 |0.83 0.81 3623 |21321 6.76 | 5.68
37 2 14830 | 169 [0.88 095 950 6437 1.77 | 1.72
95 3 15544 | 17.3 |0.90 095 917 5711 171 | 1.52
41 4 26502 | 22.8 |1.17 095 1619 {11364 3.02 | 3.03
188 5 16674 | 18.1 |0.93 0.96 844 4691 1.57 | 1.25
107 6 37331 27.2 |1.39 0.95 2227 |28048 4.15 | 748
103 7 23948 | 21.8 |1.11 094 1618 9456 3.02 | 2.52
26 8 28576 242 |1.23 0.97 930 10595 1.73 | 2.82
143 9 17168 | 19.1 |0.89 0.85 3148 |[17030 5.87 | 454
87| 10 30621 | 25.6 |1.27 0.97 1143 [13926 213 | 371
152 11 27492 | 245 |1.22 099 357 7058 0.67 | 1.88
145] 12 18147 20.0 |0.95 091 2013 (10354 376 | 2.76
197 13 25590 23.8 [1.17 098 725 6748 1.35 | 1.80
101| 14 26703 24.7 |1.19 0.96 1158 9591 2.16 | 2.56
46| 15 22591| 229 [1.08 0.95 1338 7454 2.50 | 1.99
45| 16 16019| 194 |0.92 097 613 3754 1.14 | 1.00
421 17 20317 219 |1.01 092 1972 9872 3.68 | 2.63
18| 18 188551 21.3 |1.00 097 617 3085 1.15 | 0.82
501 19 21858 | 23.0 |1.08 097 835 4801 1.56 | 1.28
125] 20 7545 | 13.6 [0.64 0.98 152 15240 0.28 | 4.06
90| 21 15162 | 19.3 [0.89 095 935 6084 1.74 | 1.62
113] 22 20419 | 225 |0.98 0.87 3297 |16519 6.15 | 440
98] 23 15153 | 194 [0.88 094 1041 6692 1.94 | 1.78
196} 24 14865 | 19.4 [0.86 091 1546 9837 2.88 | 2.62
88] 25 18053 | 214 [0.97 0.94 1196 6111 2.23 | 1.63
115 26 19909 | 22.5 [1.02 095 1264 6344 236 | 1.69
4| 27 139431 189 |0.81 0.87 2174 |14653 406 | 391
66| 28 12967 | 18.3 [0.81 092 1187 9930 221 | 2.65
142 29 13105| 18.5 [0.82 094 1019 8711 1.90 | 2.32
116] 30 25459 258 |1.16 0.97 953 7615 1.78 | 2.03
91 31 16028 | 20.6 [0.91 094 1164 6766 2.17 | 1.80
15 32 17943 | 22.0 |0.98 097 632 3227 1.18 | 0.86
94| 33 21236 | 24.6 |1.05 0.94 1479 7624 276 | 2.03
118| 34 21622 249 |(1.07 097 759 4350 142 | 1.16
104] 35 13730| 199 [0.85 0.95 757 6382 141 | 1.70
181 36 26542 283 |[1.19 098 639 7256 1.19 | 1.93
112} 37 16974 | 22.9 |0.88 0.83 3394 18567 6.33 | 4.95
173| 38 25740 29.1 [1.18 099 256 4885 048 | 1.30
11} 39 15632 22.7 (091 0.97 644 4140 1.20 | 1.10
189| 40 17894 | 25.6 [0.93 0.89 2465 |12854 4.60 | 3.43
Sum: 53598 |375080

* See the text for explanations of indices.

Rank-based Stability-related Measures

We estimated S, and S, values based on transformed
height values for each clone (NAssAR and HUEHN, 1987). Geno-
types with low S,¥ and/or S/? values are considered to have
the high stability. To test whether a given genotype is signifi-
cantly different in its SV value, we estimated S statistics,
which is the sum Z¥ values determined for each genotype
(NASSAR and HUEHN, 1987). Overall test based on S statistics
(S™@ = 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 S,? values of the clones, Z? values
and the corresponding S,? statistics were used and interpreted
in the same way as S,V and Z,? statistics (NAssAR and HUEHN,
1987). Again, overall S? statistics [S®? = 46.65] were found to
be smaller than Chi-square value, x? = 55.76 (d.f. 40, o. = 0.05),
which indicates overall non-significance as it was the case with
S@ statistics.

Application on our data demonstrated that HUEHN’s S,¥ and
S,@ stability measures are preferable to parametric measures
in many ways. For example, S/ and S;? showed strong rela-
tionships both among themselves and with W,, S?;; and CND,.
Higher magnitudes of these empirical relationships between
S and S,” and other stability-related parameters is a strong

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 LEON, 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 CV. and S%;, between CV, and b,
between b, and SZx;, between W, and S?j;, between W, and
CND,, between CND, and S%;. (Strong, negative) between
CND, and b,. (Moderate, negative) between CND, and CV,
CND, and S%;. Similarly, rank-based stability-related parame-
ters, S,V and S/? showed very strong positive relationships
both among themselves and with W, §2;;, and CND,.

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,
LeoN and HUEHN (1994). Two of these parameters (CSP;, and
CSP,,) 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., LEON, 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 CSP;; 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 CSP,,
would include 5 of the top performers (i.e., 188, 95, 37, 41, 26)
and index CSP,; would include 6 of them. Two recently pro-
posed indices by NAssAR, LEoN and HUEHN (1994) (i.e., CSP,,
and CSP,;) would include higher numbers of top growth per-
formers: CSP,, would have 8, and CSP,; would have 9 of the top
10 growth performers [Clone 107 (height rank 6) would not be
chosen by CSP,,, 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, CSP,, would select height ranks 5, 3, 2, 4, 18, 7, 8, 11,
17 and 16 in that order of preference. CSP,; would select height
ranks 1, 3, 2, 5, 4, 7, 8, 6, 12 and 9. Such sequencings can be
made in similar ways for CSP,,, CSP,; and CSP,, indices. It can
be seen from these orderings that CSP,, and CSP,;, compared
to the first three indices, gave more weight to performance
than stability. In other words, CSP,, and CSP,, are relatively
more “conservative” than CSP,,, CSP,, and CSP,,, 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 S/” and S,¥ parameters (ranks 39 and 37, respectively
in both parameters). These two clones would not be included
among the top 10 clones selected by CSP,,, CSP,, and CSP,,.
However, they would be included among the top 10 clones
detected by both CSP,,, and CSP,,.

137



NASSAR et al. (1994) proposed a method to test significance of
combined stability and performance (CSP;) 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 CSP, measures.

There were very strong positive correlations among the com-
bined stability and performance indices. All showed strong neg-
ative correlations with clonal height (Xi.). 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 CSP,, and CSP,, in several sets of
maize trails. By looking at the magnitudes of the correlation
coefficients, one may conclude that CSP,, was a better predic-
tor of height (performance) rank than the other indices. The
order of predictive powers of CSP; indices for performance was:
CSP,, CSP,,, CSP,,, CSP,, and CSP,,.

57 [Z5

CSP; indices generally did not show any significant relation-
ships with the parametric stability-related measures. Only CV,
(which is a “static concept” parameter as called by BECKER and
LEoN, 1988) was moderately (P < 0.05) correlated with four of
them, and nearly so with CSP,, (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
CSP, indices, which is an advantage for the breeder.

The correlation coefficients between CSP; indices and rank-
based stability measures [S;” and S/?] were also not signifi-
cant, except in one case: CSP,; showed moderate negative rela-
tionships (r = -0.35, P < 0.05) with S,?, and nearly so with S;%
(r = -0.31, P < 0.07). These negative relationships between
CSP,, and S/¥, CSP,, and S/? parameters are additional indi-
cation that CSP, gives more weight to height than stability
values. The results suggest that CSP,; is better than the other
four CSP,; indices. In accordance with the above considerations,
HUEHN (1996) in his review suggest that CSP,; is preferable
since it has a slightly higher power than the indices CSP,; and
CSP,,. One additional convenience is that it does not require
transformation of the original data.

The lack of significant correlations between CSP; indices and
the other stability-related parameters can be explained by the
modified nature of the CSP, 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
(CSP,), 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
HuenN’s CSP;, and CSP,, 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-

138

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™ 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 W, and height values. W, 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 (b, <
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 b, values, had relatively high
W, values (i.e., greater contribution to interaction), or vice
versa. There were no significant relationships between b, and
X, b, and W, b, and S?;, values. Therefore, according to our
results, b, per se, is also not a good measure for stability of a
given genotype.

4) Clonal CV; value derived from environmental variance
(S%x;) is better indicator of relative uniformity across the test
sites than S%; itself. CV, 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 CV; clones in that
order.

5) CND, indicates the proportion of interaction not accounted
by regression slopes. In other words, relatively small CND, 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 CND, with S%;;, and
also with W, indicate that genotypes identified by either S?; or
W, for their high interaction can also be detected by CND, with
a very high probability.

6) Rank-based stability measures estimated in our study
(ie., S/ and S;?) 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, §2;, and CND,; implying
that S, and S, detect effects also measured by other stabili-
ty-related parameters. According to our results, S test, which
employs S and S;? indices, appear to be more liberal than
ANOVA tests to detect significance in GxE. Overall, both S,
and S,? could be a highly compromising indices for stability,
where S, was a better measure than S,/?.

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.



Therefore, we estimated five separate indices (CSP,; to CSP,;)
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 CSP,, was the best index both in its predictive power
and in its applicability.
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Inducing Male Flowering by Applying Gibberellic Acid has no Effect
on the Cry j 1 Content in Cryptomeria japonica Pollen
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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.
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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
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