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SUMMARY

An analysis is made of results from early stages of testing of promising hybrids. The data
consist of single-replicate trials performed by Norddeutsche Pflanzenzucht in 6 locations
(5 in Poland and one in Germany). In total 165 hybrids were tested with 3 standard
varieties. The subject of the analysis was the seed yield. Three measures of stability were
used. The yield of tested hybrids is expressed as percentage of that of standard varieties.
Wricke’s ecovalence expressed as a contribution to G x E interaction was used as a
measure of stability. Additional characterization of the tested hybrids was performed by
regressing hybrid yield on the mean yields of the experiment, as described by Finlay and
Wilkinson and by Eberhart and Russel. The methods applied enabled selection of the most
promising hybrids for further yield testing.

Key words: breeding, ecovalence, standard varieties

1. Introduction

Due to the phenomenon of heterosis, the performance of component lines is not
a good indicator of yields of hybrids. Therefore, in the process of hybrid breeding,
large numbers of hybrids are needed, which should be tested in different
environments to identify the best ones. Recently, new genomic methods that
enable selection of superior parental lines have been proposed to facilitate the
choice of the best hybrid combinations. At present, however, it is difficult to
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implement them in practical breeding because their cost-effectiveness has not
been evaluated (Werner, 2018). Many studies have been devoted to the
identification of the best candidate varieties on the basis of series of experiments.
It has been stated in several papers (Dobek et al., 2008; Annicchiarico, 2002; Wo$
et al., 2010) that a good method of selection of advanced breeding material is of
great importance. Wos et al. (2010), after analyzing a series of single-replicate
trials with several standards, reported obtaining a group of high-yielding
genotypes with good performance across all environments.

A review of different methods of planning such trials and methods for their
analysis (adjustment of treatment means) is given by Kempton and Fox (1997).
According to the results reported by Ambrozy et al. (2009a b) the method of
moving averages is often the most effective. The yield of tested hybrids after
adjustment by comparisons with neighboring standard varieties is an important
characteristic influencing decisions to accept or reject hybrids for further stages
of testing. In those stages, the accepted genotypes are tested either in replicated
trials at one or several locations or in single-replicate trials repeated over several
locations and with a few standard varieties sown among the tested genotypes.
High and stable seed yield over all locations is an important and expected trait of
elite hybrids. Only hybrids yielding higher than the mean yield of standard
varieties and with yield stable over locations may be considered for selection for
further testing.

Identification of the best genotypes after analysis of a one-year series of 4-5
trials is often unsatisfactory, because of the low correlation among years
(Wegrzyn, 2003). Therefore, high-yielding genotypes in one-year series should
be tested in the subsequent year(s). Madry et al. (2006) showed that genotype X
year interaction dominates over genotype x location interaction.

Unreplicated trials are used in oil-seed rape breeding trials performed by the
company Norddeutsche Pflanzenzucht Hans Georg Lembke KG. In this paper a
method of statistical analysis of such trials is proposed and applied to real data.
In selecting genotypes at early stages of evaluation of candidate varieties
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(hybrids) two methods of measuring stability are commonly used: Wricke’s eco-
valence (1962) and regression analysis according to Eberhart and Russel (1966).

2. Material and methods

In 2017 the company Norddeutsche Pflanzenzucht Hans Georg Lembke KG
performed a series of field yield trials on oil-seed rape. The trials were conducted
in five locations in Poland (Falecin, Tomaszéw Bolestawiecki, Gola, Gtubczyce
and Krzyzewo) and in Malchow in Germany. A total of 165 hybrids and three
standard varieties were tested. For technical reasons the tested hybrids were
divided into five groups (1131, 1132, 1133, 1134, 1135), each of 33 genotypes
numbered from 1 to 33, and each group was supplemented by the same three
standard varieties (no. 34-Atora, 35-DK Exquisite and 36-Ragnar). Therefore at
each location there were five “parallel” trials, each consisting of 36 treatments,
sown in one replicate. Plots were arranged in several rows depending on the shape
of the experimental field. Hybrids and standard varieties were randomly assigned
to plots. A schematic representation of a trial is given below in Figure 1.

32 [ 5 9 | 29| 20 | 31

21 | 26 | 30 | 10 1 13

36 | 15 | 12 | 4 | 23 | 24

6 14 | 3 19 34| 27

7 11 (25118 2 | 35

22 | 16 | 17 | 28 | 33 | 8

Figure 1. Example layout of a single-replicate trial with 36 treatments
(33 hybrids + 3 standard cultivars)
The plot sizes for harvesting were slightly unequal between locations and
varied from 10.5 to 13.5 m?. After harvesting, the yield of each tested hybrid was
expressed as a percentage of the mean yield of the three standards. To evaluate
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the stability of the tested hybrids, the ecovalence (W), according to Wricke (1962)
and Haufe and Geidel (1978), was calculated and expressed as a percentage of
the mean square for G x E interaction, this being a measure of the contribution of
each hybrid to the interaction. The ecovalence is calculated using the formula
W = x;; — X; — X; + X , where x;; is the observation for the i-th hybrid in the j-
th environment, x; is the mean observation for the i-th hybrid, X; is the mean for
the j-th environment and X is the overall mean. Another approach was to apply
regression analysis according to Finlay and Wilkinson (1963) and Eberhart and
Russel (1966). In this approach the yield of each tested hybrid was treated as the
dependent variable and the mean of all tested treatments was treated as the
explanatory variable. Hybrids with slopes larger than 1 belong to the group of
“intensive” hybrids, whereas those with slopes smaller than 1 belong to the group
of “extensive” hybrids. The yield of intensive hybrids increases faster than the
mean yield of all treatments. In selection for high-yielding hybrids the breeder
should choose hybrids that (1) yield better than standard varieties, (2) have
regression coefficient (b;) greater than unity, (3) have small deviations from the
regression line (the mean square deviation or MSE is often regarded as another
measure of stability), and (4) have small ecovalence.

3. Results

Figure 2 shows genotypes versus ecovalence and mean square deviation from
regression. It can be seen that these two measures give similar results. This is also
confirmed by the correlation coefficients between these two measures (1131 —1;
1132 -0.98; 1133 -0.93; 1134 - 0.97; 1135 - 0.98).

Table 1 gives the hybrids’ yields (as percentages of the yield of the standard
varieties), coefficients of regression b; and two measures of stability: ecovalence
and deviation from regression (S2di). Of the 165 hybrids, 37 yielded higher than
the standard varieties. The b; values ranged from 0.54 (hybrid 14 in group 1133)
to 1.40 (hybrid 30 in group 1133). Most of the tested hybrids had values of b;
close to unity (0.9-1.1). The lowest Wi value (0.13) was recorded for hybrid 33
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in group 1132, while hybrid 32 in group 1135 was the least stable, with
Wi = 12.58. Values of S?di ranged from 0.30 (hybrid 33 in group 1132) to 54.11
(hybrid 6 in group 1131).
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Figure 2. Genotypes versus ecovalence and mean square deviation from
regression. Rows: 1131, 1132, 1133, 1134, 1135. The horizontal axis gives the
number of the hybrid, the left axis the MSE, and the right axis the ecovalence

1. Discussion and conclusions

The results of the statistical analysis may be summarized as follows:

1. Among the 165 tested hybrids there were 21 yielding better than the mean yield
of the standards and simultaneously with slope greater than 1, namely hybrid 6 in
group 1131, hybrids 7, 29 and 30 in group 1132, hybrids 1, 8, 13, 22, 30 and 31
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Figure 3. Column A — yield as percentage of standard varieties (horizontal axis)
versus slope of linear regression (vertical axis).
Column B — slope of linear regression (horizontal axis) versus
ecovalence (vertical axis).
Rows — the five groups of hybrids 1131, 1132, 1133, 1134, 1135.

The genotypes that lie in the top right area in the left panel

and also in the right bottom area in the left panel are the best.
The blue line indicates 100% of the yield of the standards



66

B. Zawieja, S. Lewandowska, T. Mikulski, W. Pilarczyk

Table 1. Yield as percentage of mean yield of standard varieties, slope of linear
regression, contribution (in %) of tested hybrids to sum of squares for
interaction (ecovalence), mean square deviation from regression (S%di)

1131 1132 1133 1134 1135
no A B C D A B C D A B C D A B C D A B C D
1 100 0.88 2.64 1259 102 0.96 1.82 7.62 104 1.01 2.65 12.62 103 1.04 250 10.58 104 0.88 0.61 1.68
2 94 091 129 618 95 1.02 127 534 95 124 241 852 98 084 315 11.65 103 0.79 157 384
3 97 118 193 774 9 0.88 154 542 95 106 044 193 91 070 176 155 97 095 111 464
4 98 108 468 2377 98 091 274 11.09 97 1.02 097 460 92 079 424 1523 98 1.01 057 247
5 92 104 092 463 95 088 053 123 99 135 219 4.04 91 075 209 476 97 081 355 13.03
6 104 119 1098 5411 96 1.08 508 21.08 99 115 3.88 17.33 93 096 046 1.87 101 091 341 1424
7 95 1.02 380 19.62 101 114 397 1546 100 105 0.75 3.72 100 0.82 126 3.19 105 0.77 298 9.43
8 98 096 456 2344 93 125 652 2323 101 110 057 224 106 0.96 212 8.96 109 0.98 3.74 16.19
9 87 090 385 1915 93 090 097 340 96 084 0.61 161 91 075 3.49 1065 105 125 124 104
10 93 0.77 893 4254 99 078 7.87 29.79 96 1.07 1.48 6.83 94 104 022 083 94 117 185 6.04
11 92 081 076 143 96 088 111 367 97 085 126 477 104 101 925 3958 97 126 344 1037
12 99 122 219 809 94 093 020 045 96 1.02 157 749 92 091 227 918 95 1.06 193 810
13 94 087 274 13.04 97 099 130 553 102 1.20 282 1132 102 121 186 505 98 1.18 224 736
14 93 104 150 762 93 088 298 11.63 100 054 465 1087 98 075 143 196 93 096 045 186
15 97 117 082 208 89 124 356 11.07 99 104 528 2507 96 121 428 1534 98 099 052 224
16 90 1.03 163 836 92 089 426 17.22 88 1.02 391 1862 102 116 3.60 1375 104 1.24 243 6.66
17 88 085 325 1522 97 092 072 259 93 084 409 1812 101 1.09 132 511 91 113 152 546
18 99 072 793 3558 99 0.76 443 1469 102 076 3.28 1266 101 1.27 1236 47.81 107 1.05 441 1898
19 88 097 244 1256 96 102 230 970 99 0.83 097 3.03 102 0.89 446 1827 99 0.82 154 438
20 91 101 274 1418 91 092 018 029 93 1.03 260 1233 96 1.08 125 4.92 101 094 153 6.42
21 9 108 146 711 95 0.97 486 2052 94 122 256 970 95 126 568 19.86 96 121 4.56 16.60
22 97 106 161 810 97 084 083 169 103 1.09 535 25.07 99 1.04 103 430 96 098 207 8.96
23 9 096 173 885 92 0.89 095 306 97 098 1.93 917 99 099 1.00 429 96 0.73 273 434
24 88 107 227 1137 93 091 248 991 92 093 196 9.08 95 062 3.05 344 102 102 515 2234
25 93 111 231 1104 96 105 035 128 91 109 383 1780 99 099 139 595 108 099 368 13.02
26 94 100 019 098 94 134 347 660 96 081 330 1380 95 1.01 252 10.77 102 0.83 197 6.60
27 91 108 064 282 97 112 178 642 9 113 181 875 98 110 165 635 99 112 254 10.09
28 99 103 031 151 96 108 3.56 14.64 109 099 3.09 1469 98 1.18 127 318 108 1.14 336 1318
29 93 081 566 2676 103 1.04 1.88 7.88 106 094 438 2068 95 091 157 617 95 1.04 135 575
30 93 103 199 1023 104 127 7.46 2637 109 1.40 451 1328 97 1.03 298 1269 99 095 185 7.87
31 97 109 077 337 97 092 248 10.03 102 125 216 7.08 98 1.05 253 1063 9 110 180 7.11
32 99 097 290 1497 97 122 338 11.00 93 091 088 376 100 1.37 543 1414 95 1.09 1258 54.05
33 94 107 055 246 95 1.06 013 030 105 099 1.80 857 99 1.02 243 1039 103 098 059 254
34 101 118 164 6.09 99 103 149 6.26 100 0.74 7.01 29.76 102 1.13 0.70 1.76 101 119 436 16.33
35 100 0.71 320 1059 100 0.99 7.25 30.74 100 0.89 397 1830 97 1.04 123 511 100 1.00 4.82 20.93
36 98 110 3.21 1584 102 1.06 4.34 1817 100 1.02 5.07 2415 101 1.02 217 926 99 059 596 14.23

A — yield as percentage of mean yield of standard varieties; B — slope of linear regression;
C — contribution (in %) of tested hybrids to sum of squares for interaction (ecovalence);
D — mean square deviation from regression; Bold font — hybrids with coefficient of
regression greater than one and yield greater than 100% of standard; Italic font — hybrids

with relatively small ecovalence
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in group 1133, hybrids 1, 11, 13, 16, 17 and 18 in group 1134, and hybrids 9, 16,
18, 24 and 28 in group 1135.

2. Among these the highest yield was attained by hybrid 30 in group 1133
(109%), but this hybrid had high deviation from regression and high ecovalence.
3. Among those listed above, the most interesting from the point of view of yield
stability (low contribution to G x E interaction and low deviation from regression)
are hybrid 29 from group 1132, hybrid 8 from group 1133, hybrids 13 and 17
from group 1134, and hybrid 9 from group 1135.

4. Hybrid 9 from group 1135 gave the highest yield among those listed above.

5. In studies on the stability of cultivars, either the S%di of Eberhart and Russel or
Wricke’s ecovalence can be used.

The best method to determine the differences between genotypes is to evaluate
them in field trials. Unfortunately, it is not easy to find a field with homogeneous
soil; therefore a breeder has to lay out the promising lines in blocks without soil
heterogeneity. In practice it is difficult to carry out trials with a large number of
genotypes (advanced breeding lines). Hence, in early stages of line evaluations,
the experiments are unreplicated and conducted in only one location, and the error
variance is controlled using check plots (standard varieties). Therefore, the
guestion arises whether in unreplicated trials there is a loss of precision in
comparing entries. In the early stages of plant breeding genetic gain can be
increased more successfully by testing a large number of genotypes than by
making more precise comparisons of fewer entries (Bos, 1983; Gauch and Zobel,
1996). Thus, in practice, unreplicated trials can provide an acceptable means of
screening a large number of candidate varieties. Another challenge which
confronts the breeder is genotype x environment interactions, which are
important sources of variation that hinder the identification of the best genotypes.
Selections with minimal variance for yield across different environments are
considered stable. This concept of stability is called static or biological, but it is
not acceptable in modern crop production, which prefers genotypes with high
mean Yyields and the potential to respond to better environmental conditions
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(Becker, 1981). Breeders prefer a dynamic concept of stability with high yield
performance of released varieties (Becker and Leon, 1988).

There are many measures of stability, but the most common is the joint
regression analysis of Eberhart and Russel (1966) and Wricke (1962). The
measures Wi and S2di are strongly correlated, so for the purpose of ranking
genotypes they give more or less the same results. However, Eberhart and
Russel’s method gives the parameter bi, which enables the identification of
cultivars adapted to low- or high-yielding locations. Hybrids with b; less than 0.7
are better adapted to low-yielding locations, whereas those with values greater
than 1.3 are more responsive to high-yielding locations (Lin and Binns, 1988).
Thus, hybrid 14 in group 1133 (0.54), hybrid 3 in group 1134 (0.70), hybrid 24
in group 1134 (0.62) and hybrid 23 in group 1135 (0.73) are better adapted to
low-yielding environments, while hybrids 26 (1.34) and 30 (1.27) in group 1132,
hybrids 5 (1.35) and 30 (1.30) in group 1133, and hybrid 32 in group 1134 (1.37)
are responsive to better environmental conditions. The highest yields were
attained by hybrid 30 in group 1133 (bi=1.40) and hybrid 28 in group 1135
(bi=1.14), but the latter is less responsive to better environments. There is a close
correlation between the S%di of Eberhart and Russel and the ecovalence of
Wricke. Similar results were reported by Mohammadi and Ahmed (2008) and
Becker (1981).

It can be concluded that ecovalence, because of its simplicity of calculation,
would be preferred as a measure of stability by those breeders who do not have
easy access to higher software functionality. However, a breeder wishing to know
a cultivar’s responsiveness to a specific environment will have to estimate b;.
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