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Abstract The suitability of regression analysis for
studying the phenotypic stability of grain yield was
investigated using a collection of 220 Nordic barley
lines. Linear regression explained 26—52% of the geno-
type x environment (GE) interactions in different
groupings of the material. The regression coefficient, b,,
measures the yield response of the i-th genotype to
improved environmental conditions. Deviations from
regression, S%, have been used to estimate Tai’s stability
parameter, ,, which is a measure of the phenotypic yield
stability in the agronomic sense. Repeatability of b,, 4,
and grain yield was studied by means of correlations
between estimates obtained in each experimental year.
Yield had the highest repeatability, with correlations
between years ranging from 0.57 to 0.85. In this study,
regression coefficients and 1-values were not repeatable,
i.e. genotypes reacted differentially to the yearly climatic
variations. Six-rowed (6r) barleys had higher respon-
siveness, but lower mean yields, than two-rowed (2r)
barleys. This is partly due to the history of selection of
6r-barleys, which mainly originate from regions with low
potential yield levels, i.e. Finland and Norway. In general,
responsiveness and stability were not correlated with yield.
The highest-yielding lines had b; & 1. The response pattern
of the different types of barleys used in this study show that
responsiveness can be changed by recombination.
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Introduction

The relative magnitude of the genotypic variance ex-
pressed in different environments is crop specific (Allen
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et al. 1978). Some plants perform well in a wide range of
different environments, while others express their gen-
etic potential better in a specific environment. Within a
relatively homogeneous climatic region there may be
different agro-ecosystems, reflecting variations in soil
type, crop rotation, and degrees of cropping intensity
(Austin 1988). In order to obtain accurate estimates of
yield, growth response and the stability of individual
cultivars, it is essential that both a large range of envi-
ronmental indices, and a uniform distribution of envi-
ronments over the range, are included in studies of
genotype x environment interactions (Eberhart and
Russell 1966; Skr¢ppa 1984).

The most widely used selection criteria for high and
stable performance are mean yield, regression response
on site mean yield (b)), and deviations from regression
(82) (Yates and Cochran 1938; Finlay and Wilkinson
1963; Eberhart and Russell 1966; Langer et al. 1979;
Becker and Léon 1988). Mean grain yield of all geno-
types at each location may be interpreted as an environ-
mental index. According to the ‘agronomic’ concept of
phenotypic yield stability, only deviations of a genotype
from these environmental indices are considered as
cases of instability (Becker 1981). In regression analysis,
cultivars with b, = 1 and zero deviations from regression
are said to be agronomically stable. Pfeiffer and Braun
(1989) stated that the yield of a good genotype in the
environment with the poorest growth conditions sould
exceed or equal the average of all entries. Lin and Binns
(1991) combined three procedures for selecting stable
cultivars: (1) regression analysis and cluster analysis to
sort the data by similarity of mean yields and b,’s, (2) a
superiority measure for assessing a cultivar’s perform-
ance relative to a location maximum, and (3) stability
analysis to assess variation over years.

The selection of new varieties in high-yielding envi-
ronments is a more or less unconscious selection of
varieties with a high regression coefficient relative to
other candidates (Shabana et al. 1980; Reysack et al.
1993). Positive correlations between mean yields and
regression coefficients are therefore frequently reported



(Perkins and Jinks 1968a; Knight 1970; Langer et al.
1979; Becker 1983; Pfeiffer and Braun 1989). However,
there is also empirical evidence that there is no close
relationship between yield and regression coefficient
(Becker 1981; Pham and Kang 1988). Any relation will
depend upon the test environment and the history of
selection (Ceccarelli and Grando 1991), and may be
species specific (Yue et al. 1990). The repeatability of the
regression coefficient seems to be good in some cases
(Léon and Becker 1988; Simmonds 1991; Nissild 1992;
Jalaluddin and Harrison 1993).

The aims of the present investigation have
been to analyze the suitability of using regression ana-
lysis to explain genotype x environment (GE) inter-
actions of Nordic barley cultivars, and to estimate
the repeatability and correlations between grain yield,
responsiveness and the yield stability of Nordic 6r-
and 2r-barleys.

Materials and methods

Plant material

The barley materials used in this study were mainly inbred lines
and pure-line varieties. A detailed description of origin, pedigrees
etc. can be found in Nurminiemi et al. (1996). Some of the entries
were heterogeneous populations of nearly homozygous individuals,
such as bulks, multilines of landraces. The 220 lines and cultivars
were further divided into five subsets on the basis of earliness or
row type. Subset EARLY consisted of 37 six-rowed (6r) and three
two-rowed (2r) early maturing feed barleys. Subset 6R included
all 71 6r-barleys, while subset 2R comprised 149 2r-barleys. Late-
maturing cultivars made up subset LATE, which comprised 146 2r
and 34 6r feed and/or malting barleys. Subset ALL included all
220 genotypes.

Description of experimental locations

Experiments were conducted at the following locations: Hegjbak-
kegard (55°40'N 12°18'E) is the experimental farm of the Royal
Veterinary and Agricultural University, Denmark; Korpa (63°46'N
20°15'W) is an experimental field of the Agricultural Research Insti-
tute, Reykjavik, in southern Iceland; Rbécksdalen (63°51'N 20°16'E)
is an experimental farm of Svalof Weibull AB, near Ume4, in northern
Sweden, Svalov (55°57'N 13°8'E) is the main experimental farm of
Svalof Weibull AB in southern Sweden; Viikki (60°15'N 25°3'E) is the
experimental farm of Helsinki University in southern Finland, and As
(59°40'N 10°48'E), is the experimental farm of the Department of
Biotechnological Sciences at the Agricultural University of Norway
in South-East Norway.

Temperature is the most important climatic factor restricting
plant growth in the north of Scandinavia, while drought is most
limiting in the southern regions and areas east of the Scandinavian
mountain chain (SNP 1992). Rainfall and heat sums for the growth
seasons have been recorded from the nearest climate record stations,
and compared to long-term mean values (Table 1).

The known pattern of macro-climatic factors makes part of the
variation in weather conditions more predictable than the yearly
fluctuations in temperature, radiation and rainfall (Allard and Brad-
shaw 1964; Knight 1970; Lin and Binns 1988; Pfeiffer and Braun
1989). Predictable parts of the variation in weather conditions, to-
gether with variations in edaphic, biotic and management factors,
create genotype x location (GL) interactions. Unpredictable climatic
factors contribute to GY-~ and GLY-interactions.
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Experimental design

The experimental design was a special type of incomplete blocks with
two complete replications at each location (Aastveit 1977). The
material was divided into series A and B (which correspond to subsets
EARLY and LATE, respectively). Within each series the accessions
were randomly grouped into blocks of 20 lines. Accessions were
randomized within blocks, and blocks were randomized within repli-
cation in every year. All blocks contained two reference varieties
‘Arra’ (6r) and ‘Ida’ (2r). Plot size varied from 5m? to 10 m?, depend-
ing on location, and the sowing rate was 440 seeds/m?.

Statistical analysis

The model for the conventional analysis of variance of the combined
data expresses the observed mean yield as:

Yie=u+G;+ E; + Bly +(GE); + ey,

(i=12,...mj=1,2,...n,k=1,2,...r), where u is the general mean;
G; and E; represent the effect of the i-th genotype and j-th environ-
ment, while (GE),; stands for the genotype-environment interactions,
Bl for the block effect of the k-th replication at the j-th environment,
while e;; designates the random errors associated with the k- th
replication of the i-th genotype at the j-th environment. Regression
analysis was performed according to the Eberhart and Russell (1966)
model:

Y,j=w+bl;+0,
where y; is the mean of the i-th genotype over all environments, I ; the
environmental index (I;=Y;— Y, location mean —grand mean) b;
the linear regression coeflicient of the i-th genotype, and o;; the
deviation from regression. The coefficient of regression is estimated
as:

by= Y, Vi LI

and the deviation mean squares as:

dl Zja-tj/ ( Msresidual)‘
Regressmn can be tested by an approximate F-test:
F= [Zjal]/(n 2)1/MS,, where MS, is the pooled experimental error

mean square. If an approximate F- test, MS,pression’ M8 esiquan 19
significant, then genotypes have dlﬂerent responses. In this study,
Tai’s (1971) lambda-value,

[Zl GU

(r =no. of replications) was used to estimate the yield stability of
genotypes. If /; = 1, then the squared deviations from regression, 67,
are much smaller than the error mean square, and the linear compo-
nent explains the GE-interaction. The hypothesis that b, = 1 is tested
by a t-test:

2)] x r/MS,,

= (b; — 1)/SE(b,),

where the standard error of b, is the square root of the deviation mean
squares divided by the sum of squares of environmental indices:

SE(B) = /MS, ciaun/ S 1

and the t-values follow the Student’s ¢-distribution with n— 2 degrees
of freedom. Also the difference between a pair of genotypes can be
tested: t =b; — b;.,/SE(b; — b;), where the standard error of the two
regression coefficients (i #i) is estimated as: SE (b;—b;,)=
J(SEb)? +(SEb,)*]. In this case t-values follow the Student’s t-
distribution with 2*(n — 2)df. Grain yield and bs were normally
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Table 1 Length of growth season is measured as days from sowing to
harvest. Cumulative rainfalls and cumulative heat sums (> + 5°C)
were recorded from 1 week before sowing date, and from the date of

sowing, respectively, until harvest. The relative values presented in
parenthesis are based on long-term averages

Location Year Date of Daylength Length of Rainfall in mm Heat sum > 5°C
sowing at sowing growth ()="% of ()="% of
(h)® season, (days) normal normal
Héjbakkegard® 87 11.5 14 141 408(147) 1095(84)
88 18.4 14 119 175(80) 1110(115)
89 104 14 126 212(94) 1046 (109)
Korpa® 88 16.5 19 133 420(117) 596(93)
89 225 19 140 550(136) 555(87)
Robicksdalen® 88 25.5 19 128 456(173) 1058(104)
89 29.5 19 126 202(78) 982(97)
Svalév? 87 284 14 140 358(115) 1198(93)
88 204 14 117 232(93) 1200(119)
89 104 14 128 227(86) 1133(111)
Viikki® 87 23.5 16 129 375(213) 893(78)
88 11.5 16 91 145(147) 1029(118)
89 7.5 16 113 208 (162) 1230(116)
Asf 87 75 16 131 428(127) 927(78)
88 10.5 16 98 287(118) 1068 (115)
89 9.5 16 112 275(97) 1015(94)
Meteorological data have been obtained from the following sources: Sweden

2 Dept. of Agricultural Sciencies, Section of Soil and Water and Plant
Nutrition, The Royal Veterinary and Agricultural University, Copen-
hagen, Denmark

b Agricultural Research Institute, Keldnaholt, Reykjavik, Iceland
°Swedish Meteorological and Hydrological Institute, Stockholm,

distributed, while the probability of normal distribution for A-values
varied from 0.67 to 0.88. The repeatability of b, 4; and grain yield was
studied using Pearson correlation coefficients between estimates
obtained in different years.

Results

Average grain yields

Average grain yields in kg/ha are shown in Table 2. The
cool and rainy growth season of 1987 caused lower
mean yields in this year than in 1988 and 1989, especially
at Hepjbakkegard (Tables 1 and 2). Korpa and Rébéck-
sdalen always had the lowest mean yields in subset
EARLY due to shorter growing periods than at the
southern locations.

At Hejbakkegérd and Svaldy it is usually possible to
sow 3—4 weeks earlier than at As and Viikki. This gave
remarkably higher mean yields for 2r-lines and later
maturing materials (subsets 2R, LATE and ALL,
Table 2) at Svalov in 1988 and 1989. Denmark and
Scania comprise a relatively uniform growth area (SNP
1986}, and one would therefore expect the mean yields at
He¢jbakkegard to be most similar to those at Svalov.
Pre-summer drought caused low mean yields at As in
1989 and at Viikkiin 1988 {(especially in subsets EARLY
and 6R). The adaptation of 2r- and 6r-lines to the diverse

48valof Weibull AB, Svalév, Sweden

¢ Finnish Meteorologlcal Institute, Helsinki, Finland

f Meteorological data for As, Dept. of Physics, Agricultural Univer-
sity of Norway,

¢ Nilsen (1983); SNP (1992)

climate of the Nordic countries have been discussed by
Nurminiemi et al. (1996).

Genotype x environment interactions

Estimated GE-interactions were highly significant
(P < 0.001)in subsets 6R, 2R, and ALL, both within and
over years (Table 3). In subset EARLY the GE-interac-
tion was not significant in 1988, but was significant both
in 1989 (P < 0.001) and when estimated over years.

Regression analysis of GE-interactions

The linear regression (SSreg/SSGxE) explained 28-36%
of the GE-interactions in subset EARLY, 26-40% in
subset 6R, 27-38% in subset 2R, and 20-52% in subset
ALL (Table 3). When regression mean squares were
tested against the error mean squares, as shown by the
F-values in Table 3, the level of significance was gen-
erally high (P <0.01), except for subset 6R in 1989.
Testing of the regression mean squares against the
deviation mean squares, (MS, . /MS, ) demonstrated
that the linear regression explained the GE-interactions
well, i.e. the heterogeneity of regressions was significant
among years in subset EARLY, for the year 1987 in
subsets 6R and ALL, and over years in subsets EARLY
and 6R.
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Table 2 Average grain yields (kg/ha) of subsets within and among different locations and years

Entry Year EARLY 6R 2R LATE ALL
H¢jbakkegard 87 - 1357 2466 2287 2108
88 2945 3221 4199 4092 3883
89 3209 3329 4535 4354 4146
Korpa 88 1745 - - - -
89 1258 - - - -
Robéacksdalen 88 2018 - - - -
89 2893 - - - -
Svaloy 87 - 4116 4304 4283 4244
88 4834 4952 5486 5420 5314
89 4764 4696 5805 5599 5447
Viikki 87 - 3922 4033 4040 3998
88 3353 3885 4421 4447 4248
89 4388 4642 4306 4420 4415
As 87 - 5775 5619 5752 5669
38 4027 4159 4333 4332 4277
39 3076 3312 3549 3561 3473
Over years:
Hejbakkegard 3077 2636 3733 3578 3379
Korpa 1501 - - - -
Robicksdalen 2456 - - - -
Svalov 4799 4588 5198 5101 5002
Viikki 3871 4150 4254 4302 4220
As 3551 4415 4500 4548 4473
Over locations: 87 - 3792 4106 4090 4005
38 3153 4054 4610 4573 4430
89 3265 3995 4549 4483 4370
Grand mean 3209 3947 4421 4382 4268

Correlations between yield, b; and 4, origin,
row type and year of release

These correlations have been reported earlier for subsets
EARLY, 6R, and 2R (Nurminiemi et al. 1996). When
subsets LATE and ALL were included in the analyses
many of the earlier results were confirmed. The re-
gression coefficients were not correlated with Tai’s 4;-
values (Table 4). 6r-lines were more responsive than
2r-lines, as shown by the correlation between b; and row
type which was r = 0.42 and 0.616 in subset LATE and
ALL, respectively. However, 6r-lines gave lower yields
than 2r-lines (r = —0.378 and — (.553 between yield
and row type in subset LATE and ALL, respectively),
and this resulted in grain yield being negatively corre-
lated with responsiveness (b;) (r = —0.205 and — 0.361
for the two subsets).

Origin was assigned in a north-south direction so
that Iceland, Finland, Norway, Sweden, and Denmark
were given values from 1 to 5, respectively. Most of the
responsive 6r-material came from Finland and Norway,
while the majority of high-yielding 2r-barleys originated
from Denmark and Sweden. This resulted in a negative
correlation between b; and origin, and between origin
and row type, while grain yield and origin were positive-
ly associated. Newly bred barley lines yielded more than
older varieties.

Among late-maturing lines the plant materials ori-
ginating from the southern locations were more stable
than those of northern origin (r = — 0.232 between 4,
and origin). 2;-values were positively correlated with
row type which means that 6r-lines were more unstable
than 2r-lines at the four southern locations.

Repeatability measured by means of
the correlations between the response (b;),
the stability parameter (4,} and yield

The regression coefficients were correlated among years
insubsets EARLY, LATE and ALL, but the direction of
the correlations was inconsistent (Table 5). Regression
coefficients estimated on location means over years were
highly correlated with estimates based on
location x year means {r=0.91 in subset EARLY,
r=0.43 to 0.63 in subset 6R, and r =0.24 to 0.49 in
subset 2R; data not shown). Yield stability had even
lower repeatability than responsiveness, and only the
late-maturing material had partly similar A-values in
1988 and 1989. 1,’s estimated from regression on loca-
tion means over years were significantly correlated with
A;’s estimated from regression on location x year means
(r=—10.59 and 0.78 in subset EARLY, r =0.30 to 0.49
in subset 6R, and » = 0.22 to 0.55 in subset 2R; data not
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Table 3 Resultsfrom the analyses of variance for the subsets EARLY, 6R, 2R, and ALL. An approximate F-test, MS

the lines have reacted differently over environments

/MS,., ., shows whether

reg

Year Entries EARLY 6R 2R ALL
af MS? F df MS F af MS F df MS F
1987 Env. 3 472580 3 499017 3 942463
Genot. 70 1537 148 1229 219 3327
GxE 210 430 2.62%%% 444 334 2.53*** 657 497  3.48%*x
Regr. 70 521 3.18%*%* 148 358 2.71%* 219 780 5.45%%*
Dev. 140 384 234*** 296 322 245%*%% 438 356 2.49%%*
Error 280 164 592 132 876 143
MS, o,/MS,., 1.36* L1lns 2.19%x%
1988 Env. 5 111180 3 72879 3 104119 3 166759
Genot. 39 529 70 1018 148 973 219 5944
GxE 195 225 1.23ns 210 319 1.92%** 444 203 1.71*** 57 287 1.98%**
Regr. 39 340  1.86%** 70 339 2.04%** 148 229 1.93*%* 219 246 1.69%**
Dev. 156 197 1.08ns 140 309 1.86%%* 296 190  1.60%** 438 308 2.12%**
Error 234 183 280 166 592 119 876 145
MS,./MS,,, 1.73%* 1.10ns 1.21ns 0.80ns
1989  Env. 5 123371 3 86120 3 261806 3 295854
Genot. 39 1050 70 1103 148 1165 219 6453
GxE 195 350 2.05%%* 210 353 1.49%%% 444 458 1.72%%* 657 660 2.55%%*
Regr. 39 492 2.89%k* 70 278 1.18ns 148 379  142%* 219 404 1.56%**
Dev. 156 315 1.85%* 140 392 1.66** 296 498 1.87*** 438 788  3.04%**
Error 234 170 280 236 592 267 876 259
MS,, /MS,., 1.56* 0.71ns 0.76 ns 0.51ns
Over Env. 5 210759 3 339520 3 331254 3 604179
years Genot. 39 1316 70 46500 148 91357 219 3886
GxE 195 400 2.21*** 210 516 2.09*** 444 403 1.78%* 657 744 2.91%**
Regr. 39 725  4.00%** 70 592 240%** 148 323 143** 219 678 2.65%**
Dev. 156 318 1.76%** 140 478 1.94*%** 296 443  196%** 438 777 3.04%**
Error 702 181 1400 247 2960 226 4380 255
MS, . /MS,., 228 Hk* 1.24* 0.73ns 0.87ns

2Values of mean squares must be multiplied by 103

shown). Grain yield was highly repeatable in every
subset (r=0.57 to 0.85), and mean yield estimated on
locations over years was highly correlated with the
mean yield estimated on a location x year basis (r = 0.86
to 0.95, data not shown).

In subset LATE the b;-values in 1987 were positively
correlated with A-values in 1988 and 1989, ie. those
genotypes which were responsive in 1987 were among
the most unstable lines in 1988 and 1989. The situation
was changed for genotypes that were responsive in 1989,
which seemed to be more stable in 1988 and 1989 than
less-responsive genotypes. When row types were tested
separately, there was no relationship between respon-
siveness and yield stability (subsets 6R and 2R), except
that 2r-lines that were responsive in 1987 were more
unstable in 1989. Early maturing material showed the
strongest association between bs and 2, in 1989
(r=—041and — 0.44).

The correlation between grain yield and responsive-
ness varied from r = — 0.35 to 0.62. Therefore, it seems
possible to combine high yield with the desired respon-
siveness. Grain yield was positively correlated with yield
stability only in subset 6R in 1988. Otherwise, associ-
ations were either non-significant or negative, indicating
that high yield can be combined at least with average
stability.

The highest- and lowest-yielding varieties in
different subsets

Table 6 shows the behaviour of the five highest- and
the five lowest-yielding accessions within each subset.
Deviations from linear regression were often large, and
only a few cultivars combined high yield with a stable
performance. The Icelandic material was different from
all others by exhibiting low yield capacity and low
response to improved growing conditions. The large
change in responsiveness and yield stability of the 6r
‘Sigur-F” and ‘Tampar’, depending on the number of
environments and genotypes included in the tests (sub-
sets EARLY, 6R and ALL), is remarkable. This back-
ground effect was not as large for the Icelandic 2r-lines
which were consistently low in response (subsets 2R and
ALL).

In subset 2R ‘Robert’ was responsive, but not
in subset ALL due to the changes in the group of
reference genotypes. The highest-yielding variety ‘Golf’
originates from England, and the instability in this line
was most probably caused by climatic effects of testing
at higher latitudes. Crossings between different 6r- and
2r-barleys have resulted in variation both in responsive-
ness and stability (6r-line “77082’, 2r-line ‘78133, and 2r
‘Arla’).
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Table 4 Correlations between responsiveness (b;), phenotypic stability (4;), mean yield, origin, year of release, and row type within different

subsets

Subset vy Yield Origin Release Row

LATE b, 0.031 —0.205%* —0.313%** —-0.191 0.420%**
2 —0.020 —0.232%* 0.125 0.607%**
Yield 0.605%** 0.552%** —0.378%**
Origin 0.114 — 0.490%**
Release —0.027

ALL b, 0.015 —0.361%** —0.413%** —0.191 0.616%%*
2 —0.003 —0.089 0.185 0.339%**
Yield 0.670*** 0.499*** —(.553%%*
Origin 0.140 — 0.574%%*
Release —0.099

Significance of correlation at P <0.05=*, at P <0.01 =**, and at P < 0.001 = ***

Table 5 Correlations between responsiveness (b;), phenotypic stability (4,), and mean yields (Y) within different subsets and experimental years

(1987-89)
Entry Subset Entry
b, 88 b; 89 2:87 /788 2:89 Y87 Y88 Y89
b, 87 6r —0.03 0.08 0.09 0.05 0.08 0.62%%* 0.38%%* 0.36%*
2r 0.11 0.10 0.04 0.09 0.21* 0.34%%= Q.27%** 0.22%*
Late 0.02 —0.43%%* 0.06 0.28*** 0.42%%* 0.08 —0.16* —0.22%*
All 0.19** —0.36%%* 0.05 0.29%** 0.29%** 0.06 —0.23¥%%  _(23%**
b; 88 Early 0.74%** 0.14 —0.44%* 0.33** 0.37*
6r 0.18 0.01 —0.11 —0.16 —0.13 —0.35%* 0.01
2r 0.06 —0.08 0.02 —0.06 —0.21* 0.18* 0.13
Late 0.08 —0.13 —0.002 —0.16* 0.15* 0.15% 0.10
All 0.03 0.01 0.22%** Q.11 0.04 —0.16* —0.07
b; 89 Early 0.04 —0.41%* 0.37* 0.58*%*
6r 0.01 —0.03 —0.01 —0.16 -0.20 0.07
2r —0.12 —0.08 —0.03 (.32%*% 0.35%** (0.39%**
Late —0.07 —0.25%%*%  _(.24%* 0.29%** 0.45%** 0.51%**
All —-0.07 —0.14% —0.10 0.24%** 0.35%%%* 0.43%**
2;87 6r 0.07 0.03 0.02 —0.04 0.003
2r 0.02 0.15 —0.16 —0.20% —0.25%*
Late 0.09 0.08 —0.07 —0.10 —0.16*
All 0.06 —0.06 —0.07 —0.16* —0.17*
2;88 Early 0.09 0.14 0.12
6r 0.02 0.13 0.31** 0.21
2r 0.15 —0.01 —0.05 —0.01
Late 0.22%* —0.05 —0.13 -0.17
All 0.11 0.02 -0.12 —0.09
4;89 Early —0.33% —0.41%*
6r 0.19 0.20 0.20
2r —0.06 —0.17* —0.16
Late —0.03 —0.19% —0.17*
All 0.05 —0.04 —0.005
Y87 6r 0.64%** 0.57%**
2r 0.70%** 0.62%**
Late 0.65%** 0.57%*x*
All 0.72%** 0.66%**
Y88 Early 0.71%%*
6r 0.69*+**
2r 0.81%**
Late 0.80%**
All 0.85%**
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Table 6 Mean grain yield, responsiveness (b;), and phenotypic stability (4;) for the 5 highest (top) and the 5 lowest (bottom) yielding cultivars

within each subset

Subset ce Name Yield bS A
EARLY F Silja 3556 1.15 1.6
N M-268 3522 1.07 1.1
N Vo-H-10660 3470 0.97 43
N Agneta 3451 1.08 0.2
F 1279 3417 0.92 1.5
N H-349-10 3022 1.01 4.6
I 046 3005 0.63+ + 11
F Hja-673 2999 0.97 1.7
1 Tampar 2811 095 0.7
I Sigur-F 2227 0.36 + 52
6R N H-1027 4889 0.81 2.8
N H-1014 4433 0.88 3.8
F 77082 4391 1.26* 0.3
N Vo-H-2912 4382 0.88 52
F 1374 4341 0.62 2.6
F 78023 3599 0.70 8.6
N Varde 3587 0.90 1.3
N M-65 3479 1.08 22
1 Tampar 3050 0.78 4.0
1 Sigur-F 2396 0.75 0.9
2R S Golf 5057 1.26 4.8
S 80512 4030 0.77 1.1
S Robert 4939 1.23%#* 0.01
S Benedicte 4886 0.71 12
S Lina 4877 091 0.2
S Arla 3579 1.22 0.4
F 78133 3558 1.05 18.5
I 046 3235 0.64 + 0.4
1 051 3136 0.65 -+ 0.3
I 054 3043 0.69 2.0
ALL S Golf 5057 0.99 9.0
S 80512 5030 0.70 0.8
S Robert 4939 1.08 0.8
N H-1027 4889 1.11 1.5
S Benedicte 4886 0.61 1.7
1 046 3235 0.57+ + 0.3
I 051 3136 0.55 0.9
I Tampar 3050 1.10 1.3
I 054 3043 0.61 2.0
1 Sigur-F 2396 1.02 0.2

2 C = Country of origin of seed sample: I =Iceland, F = Finland,
N = Norway and S = Sweden.

Pedigree studies of responsiveness

The results demonstrate significant differences in re-
sponsiveness among closely related breeding lines. In
subset 6R, the line ‘78003’ originated from the backcross
‘Hiproly/2* Hankkija-673’, and was significantly less
responsive than ‘Hankkija-673" (b;g003 = 1.01 £ 0.06
and by, piija - 673 = 1.22 £ 0.03, P < 0.025). This is prob-
ably caused by the incorporation of the less-adapted
Ethiopean ‘Hiproly’-barley in the genetic background.
However, ‘78003 outyielded its backcross parent by
19%. Another example (in subset ALL) of recombina-
tion between different alleles from the parents is ex-
hibited by the Danish line ‘602216, which originates
from the cross ‘Nordal x Triumph’. Line ‘602216* was

b, is significantly > 1, at P <0.05=*, and at P < 0.01 = **
b, is significantly <1, at P <0.05=+,and at P <0.01 = + +

responsive, (bgg,,16=1.35 £ 0.04), while ‘Nordal’ was
not responsive (bygrqa = 0.63 £ 0.13), and they reacted
significantly differently (P < 0.005). “Triumph’ was also
rather non-responsive (two different accessions,
brriumpnt = 0.82 +0.42 and byyympnz = 0.76 £ 0.32) but,
due to high standard errors of the regression coefficients,
the difference between bgg2346 aNd b1yiumpnt OF Diriumpn2
was not significant.

Discussion

The number of genotypes tested in every subset was
large enough to give reliable estimates of environmental
indices. The success of the regression method in explain-



ing GE-interaction in subset EARLY was due to the
wider range, and a more even distribution, of experimen-
tal locations as compared to other subsets, which were
tested at fewer locations (Table 2). Also the 40 early
maturing genotypes were very different in their response
to the growing conditions. The number of locations and
the range in productivity of the four southern locations,
where 2r-barleys were tested, were not large enough to
differentiate the response patterns among genotypes, as
evidenced by the non-significant regression mean
squares.

The 2r-lines yielded more, and had a more similar
performance among test locations, than the 6r-lines,
which exhibited a differential response to the atypical
growing conditions for 6r-barleys in southern Scandina-
via. This can be partly explained by the stronger
daylength response of 6r-lines (Wiberg 1993), and the
better adaptation, e.g. disease and lodging resistance, of
2r-lines (data not shown).

The results demonstrate that the regression coeffi-
cients are very vulnerable to changes in the number of
environments, and the reference group of genotypes
(subsets EARLY and 6R), or even to changes of refer-
ence groups of genotypes only (subsets 6R vs ALL and
2R vs ALL). However, responsive genotypes identified
in subsets 6R and 2R were not less responsive in subset
ALL, but linearity was lost when the two different row
types were analyzed together. Therefore, 2r- and 6r-
materials should be tested separately due to their differ-
ent intensity of response to the changing growing condi-
tions in the Nordic countries. Grouping of material by
earliness would identify stable genotypes within differ-
ent maturity groups. In this way factors causing instabil-
ity, e.g. unfavourable weather conditions at a certain
physiological growth stage, could more easily be detec-
ted.

Regression coefficients estimated on location means
over years are easier to interpret than b;’s estimated on
location x year means (Becker 1984). If the regression
sum of squares explain most of the GE-interaction, and
GL-interactionis higher than GY-and/or GLY-interac-
tions, then b, has a predictable value. In this case the b;’s
can be used to predict the expected yield response of
genotypes in the actual range of environments. This was
the case in subset EARLY, where the GL-interaction
component of grain yield was the most important inter-
action component (Nurmimiemi et al. 1996).

Léon and Becker (1988) showed that single-year esti-
mates of the deviations from regression (S%) had a very
low repeatability when genotype x year(GY), and geno-
type x location x year (GLY) interactions were large,
even if the number of locations was high (16) for spring
barley. Several studies have shown that SZ; is not consis-
tently associated with b, or the mean yield (Perkins and
Jinks 1968b; Langer et al. 1979; Pham and Kang 1988;
Yue et al. 1990; Jalaluddin and Harrison 1993). We also
found that neither responsiveness nor yield stability
were consistently correlated with grain yield. Therefore,
b, and grain yield are at least partly independent and
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presumably subject to the control of different genetic
systems (Perkins and Jinks 1968b; Langer et al. 1979;
Becker 1981, 1983). It should therefore be possible to
combine high-yielding ability with the desired level of
responsiveness. In addition, cultivars with small devi-
ations from the predicted response, i.e. stable varieties,
can be selected.

The mean performance of genotypes is often the only
measurement of environmental productivity that can be
obtained, since adequate physical or biological charac-
teristics of environments are difficult to estimate. Re-
peatability of S, is low, irrespective of it being estimated
on location means (over years) or on location x year
means. However, the latter can be used as a stability
parameter for the more unpredictable location x year
variation, and for the recommendation of regionally
adapted cultivars. More attention should be paid to the
sign and amount of deviation at different locations
instead of the squared sums of deviations. High and
positive deviations from regression at some locations
reveals that the genotype has higher adaptability to
these specific growing conditions than the average of the
whole material. This is often the case with resistance to
biotic or edaphic factors that limit plant growth.
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