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Summary

Inference on the value for cultivation and use (V@Inew varieties is usually based on
results of series of trials performed in differartvironments (trial stations, locations) over a
period of 3—4 years. Similar series are also paréar for post-registration investigations. The
size of series (number of locations) depends om@o@ importance of species and varies (in
Poland) from a very few trials for less importapésies to several dozens for the most important
ones. There is a permanent economical pressuredoiction of the size of series. In this paper the
influence of the number of experiments on the sifegenotype—environment interaction is
investigated and also the contribution of particuperimental stations (locations) to the
genotype—environment interaction is assessed. &balts of three year series of 113 trials on
spring barley conducted in a period between y&8683 and 1995 at 41 experimental stations
form a basis for investigations.
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1. Introduction

In Poland the value for cultivation and use (VCU) of new wedies of
important species is tested in special VCU triswhich new (candidate)
varieties are compared with the subset of regidtéstandard) varieties. Such
trials are performed in a set of experimental stegtibelonging to the network of
stations of the Research Centre for Cultivar Tgs{i@OBORU) at Stupia
Wielka. For economical reasons the number of erpartal stations and the
number of trials is systematically decreasing. &@ample, there were more than
fifty VCU trials on spring barley conducted yeaiily eighties of previous
century while currently there are no more than tywesuch trials. So it is of
special interest to know the contribution of a jgaitar location to the genotype—
environment interaction as it could allow — at #iage of planning of a new
series of trials — to avoid locations with a lowntrdoution to the interaction. It
is very important to have relevant estimates of gemotype—environment
interaction as — in series of trials (under mixeddei of observations) — the
significance of differences between genotypes stetk against interaction. In
this paper — using the results of humerous trialsmring barley conducted in
the years 1993-1995 — the relationship betweenuh#er of trials and the size
of genotype—environment interaction (expressed a@&anmsquare for that
interaction) is investigated. And also the conttitau of particular locations
(experimental stations) to the interaction is asses Similar considerations
concerning winter wheat trials were performed blafezyk and Fr&a(2010).
They have shown that the size of trials series Ishioel large enough (consisting
of about 15 trials) to provide stable estimatespafameters describing the
genotype—environment interaction.

2. Materials and method

The results of three year series (from 1993 to 1985trials on spring
barley form the basis of all considerations. Tis¢ &if locations (experimental
stations) involved in experiments on barley is giire Table 1.

There were respectively 34 trials in the year 1988,in 1994 and 40 in
1995, giving in total 113 trials. All trials werestablished in 1-resolvable
incomplete blocks with four replicates (superblgckéncomplete blocks
consisted of 5 — 8 plots. Plot size for harvestirag 15 r (1,5 mx 10m). All
the analysis are performed for grain yield recatad to standard moisture
content of 15% and expressed in dt/ha. The ligesfed varieties is given in
Table 2.
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Table 1 List of locations in which trials were performieda period 1993-1995 and mean yield

S8 | QIS8 &
No.| Location | Q| S| S| o [No.| Location | S| S| | o

— — R — — - | =
1 BEZEK 80.9|64.9|72.9] 22 MASLOWICE 41.8/57.1|167.6(55.5
2 | BOBROWNIKI |58.6|59.8|44.6|54.3[23 | NAROCZYCE 52.5|64.3|58.4
3 | BUKOWKA 32.6|27.5/30.0[24 |POKOJ 427|257/ 36.9/35.1
4 S'UCZ'?(OR 33.1|45.2|49.5|42.6| 25 |PRUSIM 56.5| 36.4| 69.4|54.1
5 | CZESLAWICE |55.4]67.5|61.3|61.4|26 | PRZECEAW | 62.5|73.7|53.7| 63.3
6 | DUKLA 67.7|57.3|48.7|57.9] 27 | RADOSTOWO | 79.8/83.5|72.1| 78.4
7 | FALECIN 71.3|63.5/56.0/63.6] 28 | RARWINO 66.2| 64.0] 65.1
8 | GLODOWO |52.0]63.1|60.4|585|29 |RUSKAWIES |68.0]46.3|54.9|56.4
9 |GLUBCZYCE |814 458]63.6/30 | RYCHLIKI 68.0] 60.0| 53.6/ 60.5
10 JG%FER”A 68.2| 63.0/60.9|64.0{31 | SEROCZYN | 49.7|50.5|56.8|52.3
11 |KARZNICZKA |58.3|55.0/57.1|56.8/32 |StUPIA 73.5/56.9] 65.2

StUPIA
12 [KAWECZYN |65.4|65.8/49.3(60.2[33 |SEIPA 56.2|66.7| 61.4
13 |KOCHCICE | 43.2|52.1]63.4|52.9]34 |SREM 527 67.3/60.0
14 | KOSCIELEC 37.9|46.6|36.8|/40.4| 35 | TARNOW 70.0| 65.5|59.4| 65.0
KOSCIELNA TOMASZOW
15 | wies 66.0|44.1|62.1|57.4|36 | OV 50.6| 47.7|59.2| 52.5
16 ,\KA'QCL’EC'NA 38.4|70.2|54.3]37 | UHNIN 60.9|37.3| 47.9/48.7
17 |LUBINICKO |53.3/48.9 51.1|38 |WEGRZCE | 77.3]70.9]|42.3[635
NOWY }

18 | MOV e |582|26.555.2|46.7|39 |wROCIKOWO |76.5(56.1|52.8|61.8
19 |LUCMIERZ | 60.6|44.2]63.7|56.2]40 |WYCZECHY |485|52.2|67.6]56.1
20 |LOPUSZNA |74.9]60.0|59.0|64.6|41 |zYBISZOW |54.2|29.3]65.9]49.8
21 | MARIANOWO |80.1|58.8|57.1]65.3

By bold print still existing variety testing experental stations are designated while by
italics the stations that disappeared.

There were 22 varieties tested in the year 1993n 20e year 1994 and 24
in the year 1995, respectively. But only 15 vaestivere present in all three
years (see Table 3) and there were 31 locationsvhith these varieties
participated in trials. The orthogonal subset i@l ilata (average yield adjusted
according to experimental design) is presentechinld 3).

The method described by Lin (1982) and by Lin andlds (1988) and
applied by Pilarczyk and Rg2007, 2010) for set of winter wheat trials was
used here.

In the method, the mean square for interactionllofaaieties with the set of n
locations MS(1,2,...,n) is decomposed into two congms. The first
component is related to the interaction of congidararieties with the subset of



106 WIESLAW PILARCZYK, ANNA FRAS

n-1 locations, it means with one location excluded,say location n. The
second component SR(n) is the sum of mean squaresiteraction of all
varieties with all possible pairs of locations @ning location n. Such
decomposition enables to identify the minimum stibsk locations that
guarantee the stable assessment of interactiorargéties with locations. All
details of the method can be found in a papers by(1982), Lin and
Butler (1987), see also Pilarczyk and §&2007, 2010). The method was
applied for results of each year from 1993 to 1B@ependently and for mean
(over years) values in orthogonal subset of dataguted in Table 3.

Both the results for particular years and avetageer three years are
presented graphically.

Table 2. List of spring barley varieties tested in a perl®@9$3-1995 and their mean yields

2l 3|e|s ez lels
No| varety | S| S|[S ]2 |no| VA®Y |53 13)| =
1| ARS 57.7/51.9/51.6/53.7] 17| NAGRAD 60.0| 54.7| 55.5| 56.7
2 | BARONESSEH| 56.7| 56.7] 18| POA 1790 59.§ 59.8
3| BIELIK 58.8 58.8] 19| POA 1893 53.7157.9|/55.8
4| BIES 54.9 58.4| 56.6] 20| RABEL 55.9|57.8| 56.8
5| BKH 1590 60.4 60.4] 21| RAH 1193 57.257.2
6 | BKH 2292 59.6 54.3| 55.7|56.5] 22| RAH 691 55.8 55.8
7 | BKH 2594 56.956.9] 23| RAH 892 61.1 54.7|57.3|57.7
8 | BOSS 62.454.1|55.7|57.4] 24| RAMBO 59.0|53.9|57.5|56.8
9| BRYL 58.2| 58.2] 25| RATAJ 63.3| 54.6| 59.5(59.1
10 | DEMA 60.4| 54.9| 56.7| 57.3] 26| REFREN 58.758.7
RIMA
11| EDGAR 60.3/ 53.4| 53.1| 55.6] 27| ABED 59.7|51.2 55.4
12| HOCKEY 61.7 61.7] 28| RODION 55.9 58.6| 57.3
13| KLIMEK 59.3|52.3|54.2| 55.3] 29| RODOS 59.154.4|57.4|57.2
14| LOT 61.8|55.0(55.7|57.5] 30| START 63.8 56.1| 58.3| 59.4
15| MAGDA 60.2|54.1|58.1|57.5] 31| USB 591 57.5 57.5
16 | NAD 1592 61.0 54.1| 57.0|57.4




Table 3. Variety mean yields in locations in which expenrtgewere performed in every year from 1993 to 1995
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1| ARS 49.29| 41.88| 56.66| 54.47| 59.51| 56.89| 60.35| 57.44| 57.03| 49.64| 37.11| 51.17| 45.31| 52.31| 59.89| 62.09
2| BKH 2292 | 53.77| 42.44| 60.32| 56.31| 64.42| 58.16| 62.77| 56.60| 60.98| 52.60| 41.75| 57.17| 47.48| 58.56| 60.88| 64.04
3| BOSS 52.67| 41.85| 60.50| 53.64| 61.50| 60.88| 65.61| 61.51| 63.54| 55.35| 40.34| 60.45| 50.95| 58.15| 63.67| 66.90
4 | DEMA 54.61| 46.01| 63.45| 62.05| 62.12| 58.16| 64.77| 58.21| 58.62| 52.75| 38.91| 55.22| 48.40| 56.25| 59.57| 65.68
5| EDGAR 53.62| 36.70| 61.36| 57.01| 64.41| 57.10| 65.27| 52.25| 57.52| 48.21| 38.93| 56.70| 45.47| 55.32| 63.32| 62.82
6 | KLIMEK 51.74| 33.23| 55.99| 62.27| 66.90| 59.98| 66.58| 48.32| 50.81| 50.49| 36.84| 51.33| 37.56| 53.98| 64.12| 67.06
7|LOT 52.17| 43.03| 64.74| 58.69| 63.18| 59.72| 64.45| 56.43| 58.82| 53.94| 40.80| 57.71| 45.97| 55.42| 62.81| 68.12
8 | MAGDA 58.36| 40.73| 59.61| 57.49| 66.40| 57.95| 63.82| 58.82| 63.09| 52.42| 41.93| 61.36] 50.42| 57.12| 61.43| 64.59
9| NAD 1592 56.45| 43.95| 63.96| 55.87| 65.29| 58.84| 64.10| 54.91| 59.84| 53.34| 43.88| 58.85| 46.69| 55.97| 62.99| 64.28
10 | NAGRAD 50.72| 45.07| 60.81| 59.08| 59.56| 57.87| 63.20| 56.53| 61.86| 52.09| 40.97| 56.98| 45.64| 54.45| 63.54| 64.17
11| RAH 892 56.17| 42.77| 65.49| 56.99| 63.02| 58.04| 65.58| 57.20| 59.98| 54.32| 40.44| 57.57| 47.56| 56.74| 66.93| 64.88
12 | RAMBO 52.26| 44.72| 58.26| 61.93| 62.79| 56.54| 63.48| 55.68| 61.12| 51.71| 40.32| 58.28| 50.98| 55.33| 64.39| 63.81
13| RATAJ 54.62| 44.53| 62.82| 57.15| 67.50| 60.17| 65.75| 60.79| 61.00| 54.68| 44.99| 60.01| 48.06| 59.20| 70.65| 66.77
14| RODOS 53.18| 42.71| 59.17| 63.59| 63.33| 58.34| 64.67| 53.34| 60.80| 50.59| 38.69| 58.95| 46.69| 58.24| 67.28| 65.83
15| START 54.48| 44.11| 63.76| 58.30| 65.49| 61.29| 65.54| 57.42| 63.78| 56.64| 41.67| 60.38| 46.91| 60.52| 70.29| 67.44
Mean 53.61 42.25| 61.13| 58.32| 63.70| 58.66| 64.40| 56.36| 59.92| 52.58| 40.50| 57.47| 46.94| 56.50| 64.12| 65.23

/0T 'NOILOVHILNIFANNOHIANI—IdALONIO 40 3ZIS IHL 40 IONIAN3Id3A IHL NO



Table 3 (continued).Mean yields in locations in which experiments weegformed in every year from 1993 to 1995
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1| ARS 52.66| 35.05| 49.63| 60.56| 77.92| 55.24| 59.05| 48.73| 60.17| 47.65| 45.71| 59.48| 59.65| 51.41| 45.31| 53.53
2| BKH 2292 | 54.96| 34.28| 55.78| 62.70| 77.59| 54.07| 58.25| 54.66| 66.41| 57.46| 48.19| 63.29| 59.25| 50.99| 48.38| 56.28
3| BOSS 56.19| 36.81| 54.42| 61.63| 74.02| 56.66| 60.20| 50.46| 64.54| 55.14| 48.81| 62.54| 60.12| 56.49| 49.24| 56.93
4| DEMA 56.89| 37.47| 50.76| 67.15| 85.66| 55.20| 58.62| 52.55| 64.61| 50.65| 51.23| 64.52| 61.97| 53.56| 51.22| 56.99
5| EDGAR 52.69| 32.54| 53.31| 63.19| 75.00| 54.63| 57.74| 47.95| 66.51| 48.91| 45.83| 64.86| 63.43| 56.15| 47.13| 55.03
6| KLIMEK 53.23| 35.42| 56.25| 61.66| 81.69| 59.42| 61.55| 50.29| 59.04| 42.60| 41.70| 64.77| 68.51| 56.10| 44.51| 54.64
7| LOT 56.42| 34.35| 52.53| 61.13| 83.02| 58.45| 62.62| 54.57| 61.63| 52.67| 50.27| 64.57| 65.68| 54.85| 51.03| 57.09
8| MAGDA 56.82| 33.98| 55.96| 64.02| 75.63| 50.77| 57.97| 49.00| 68.68| 56.59| 49.34| 65.18| 57.14| 53.92| 51.28| 56.83
9| NAD 1592 | 54.73| 34.78| 52.91| 64.54| 76.77| 55.36| 64.93| 50.34| 65.59| 52.68| 46.60| 62.95| 61.32| 61.63| 49.27| 56.89
10| NAGRAD | 55.11| 31.61| 48.76| 63.47| 81.89| 56.58| 58.92| 53.66| 67.14| 51.06| 48.24| 63.78| 63.76| 56.82| 49.96| 56.24
11| RAH 892 55.08| 37.66| 54.32| 63.60| 79.05| 56.90| 63.07| 53.54| 67.08| 52.03| 48.88| 62.88| 60.27| 56.79| 48.56| 57.21
12| RAMBO 56.42| 39.14| 53.78| 64.43| 74.80| 55.00| 61.32| 49.34| 64.87| 51.11| 49.36| 62.72| 60.18| 55.39| 50.44| 56.45
13| RATAJ 55.95| 34.44| 54.22| 66.41| 81.11| 60.56| 60.28| 54.00| 69.44| 56.55| 50.70| 64.52| 61.96| 59.62| 51.93| 58.72
14| RODOS 56.99| 31.12| 52.61| 67.21| 76.55| 59.98| 58.98| 49.64| 67.47| 52.20| 46.70| 62.52| 64.00| 52.62| 51.73| 56.64
15| START 58.01| 36.13| 57.13| 65.28| 79.31| 59.95| 62.49| 57.13| 65.50| 57.98| 51.37| 64.86| 65.49| 56.67| 51.56| 58.93
Mean 55.48| 34.99| 53.49| 63.80| 78.67| 56.58| 60.40| 51.72| 65.25| 52.35| 48.20| 63.56| 62.18| 55.54| 49.44| -

80T
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4. Results

The highest average (over all tested varietiedd yieached 83.5 dt/ha at
location Radostowo in the year 1994, the lowes¥ 2%ha was at location
Pokdj also in the year 1994, see Table 1. So éasy to notice that locations
differ considerably. It means that soil and clirmatdndition were very different
among locations. Also tested varieties (genotypd&red meaningfully as the
highest average (over locations) yield 63.8 dt/laas wbserved for variety Start
in the year 1993 while the lowest average yield2%it/ha, for variety Rima
Abed in the year 1994, see Table 2. In every ybaret was significant (at
0=0.01 level) genotype—environment interaction. Mesquares for that
interaction were 14.17, 10.60 and 10.32 respdygtivethe years 1993, 1994
and 1995. For averaged over years data (data ite T3kthe value 16.02 was
obtained.

Separately for each year, using variety adjustednvalues received from
analysis of variance of single trials, the analyfivariance of one—year series
was performed and mean square for genotype bya@maint interaction was
calculated. Next, one by one — at each step —awaibn was excluded from the
set of analyzed data. Always the location with sheallest contribution to the
genotype by environment interaction was eliminafBde process was ended
when the last two locations remained with the highmean square for
interaction among all pairs of locations. In resudf the whole process, the
increasing sequence of mean squares for interastisreceived for decreasing
numbers of locations involved. The mean squaremferaction for numbers of
locations larger than two were next expressed ingmtages of the mean square
of interaction obtained for two locations with thighest interaction. And finally
the results were presented graphically (Fig. Dtigiwith the analogous results
for orthogonal subset of locations and varietiegrothe whole three years
period, data from Table 3.

It can be observed that from the number of locatiabout 15, the curves
presenting the relationship between numbers oftims and mean squares for
interaction are relatively flat. It means that diddial gain (is sense of
decreasing the interaction) resulting from enlaggthe size of series (using
more locations) is relatively small. Mean squares denotype—environment
interaction for series consisting of 15 locatiofwsen in above described
methods were respectively 23.15, 17.41 and 17.3Bdaryears 1993, 1994 and
1995. For averaged over years data the value 24a6Mmbtained.

In order to assess the usefulness of particulareraxpntal stations for
estimation of genotype—environment interaction, thenbers of cases were
counted that each location belonged to the minsoaket of 15 locations that
guarantee receiving stable estimate of mean sdaaiateraction. The results
are presented in Table 4. There are four locat{@ukla, Radostowo, Ruska
Wie$ and Tomaszow Bol.) that are present in the minisetlof 15 locations
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every year and also in over years analysis (seeahges 3 in four column of
Table 4 supported by sign “+”). There are also flmoations (Cicibér Diy,
Karzniczka, topuszna and Wrocikowo) that occurred twitéhe minimal set
of 15 locations in three yearly analyses and irr-ex@ar analysis. So these are
also recommended to have spring barley trials em flelds. On the other hand
there are nine locations (Gtodowo, Jelenia Goragh€re, Kdcielna Wi,
Luémierz, Marianowo, Mastowice, Uhnin and Zybiszow)vithich trials were
conducted in all three analyzed years, but thosaai@ccur in minimal set of
15 locations neither in yearly analyses nor in twer year one. So these
locations are less suitable for estimation of thenajype—environment
interaction in experimentation on barley varieties.

100
80
60 +—
%
40
95 year
93 year
3years

20 94 year

0 ‘ ‘ ‘ ‘

0 10 20 30 40 50
Dependence ofthe size of interaction on the nurablxcations

Fig. 1. Relative values of maximum mean squares for intierador subsets of locations of
different sizes, expressed in percentages of tlenreguare for interaction for pair of locations
with maximum interaction
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5. Discussion

It has been shown that different experimental atat(locations) differently
contribute to the genotype—environment interactiollentification of
environments represented by locations that haveirdgomh influence on the
interaction is very important as this informatioancbe effectively used in
planning new series of variety trials. Currently,there is economical pressure
on reduction of the size of series of trials, itiscial to conduct trials in such
localities that “generate” interaction similar teetinteraction provided by larger
set of locations (with some of them having smaiitabution).

There is another side of the problem not discussere. Not only
“contribution” of location is important but alsopiesentativeness for the region
in which location is placed. Sometimes better sofuis to conduct trial in
location with slightly smaller contribution to thgenotype—environment
interaction but with much better representativen&hss aspect of the problem
is not discussed here, but it was discussed inpargay Lin and Butler (1988)
where the method of identification of location wihmilar contribution to the
interaction is presented. In this paper the tesof relatively “old” series of
trials were analyzed. It is justified by thetféhat it is the last so extensive set
of data available as in the following years the hars of trials (for all species)
were seriously reduced.

Table 4. List of locations (experimental stations) and thggirticipation in genotype by location

interaction
No Location Years n in Years n
1 [BEZEK 1994 1995 1 1995
2 |BOBROWNIKI 1993 1994 1995 2 1993 1994
3 |BUKOWKA 1994 1995
4 |CICIBOR DUZY 1993 1994 1995 | 2+ 1993 1995
5 |CZESEAWICE 1993 1994 1995 | 2 1994 1995
6 [DUKLA 1993 1994 1995 | 3+ 1993 1994 1995
7 |FALECIN 1993 1994 1995 | 1+ 1995
8 |[croDOWO 1993 1994 1995
9 |GLUBCZYCE 1993 1995 1 1993
10{JELENIA GORA 1993 1994 1995
11|KARZNICZKA 1993 1994 1995 | 2+ 1994 1995
12|KAWECZYN 1993 1994 1995 | 1+ 1993
13|KOCHCICE 1993 1994 1995
14|KOSCIELEC 1993 1994 1995 | 1 1994
15|KOSCIELNA WIES 1993 1994 1995
16|KROSCINA 1994 1995
17|LUBINICKO 1993 1994
18|LUCMIERZ 1993 1994 1995
19|LOPUSZNA 1993 1994 1995 | 2+ 1993 1994
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No Location Years n in Years n
20|MARIANOWO 1993 1994 1995

21|MASLOWICE 1993 1994 1995

22|NAROCZYCE 1994 1995 1 1995
23|NOWY LUBLINIEC 1993 1994 1995 | 2+ 1993 1995
24|POKOJ 1993 1994 1995 | 1+ 1993

25|PRUSIM 1993 1994 1995 | 1+ 1995
26|PRZECLAW 1993 1994 1995 | 1 1994

27 |RADOSTOWO 1993 1994 1995 | 3+ 1993 1994 1995
28|RARWINO 1994 1995

29|RUSKA WIES 1993 1994 1995 | 3+ 1993 1994 1995
30|RYCHLIKI 1993 1994 1995 | 1 1994
31|SEROCZYN 1993 1994 1995 | 2 1993 1994
32|stuPIA 1994 1995 2 1994 1995
33|SLUPIA WIELKA 1994 1995 2 1994 1995
34|SREM WOJTOSTWO  |1993 1995

35[TARNOW 1993 1994 1995 | 1+ 1993

36|TOMASZOW BOL. 1993 1994 1995 | 3+ 1993 1994 1995
37|UHNIN 1993 1994 1995

38|WEGRZCE 1993 1994 1995 | 1 1994
39|WROCIKOWO 1993 1994 1995 | 2+ 1993 1995
40|WYCZECHY 1993 1994 1995 | 1+ 1993

41|zvBISZOW 1993 1994 1995

Years n number of cases that experiment was peefbin particular location.

n; denotes the number of cases that i—th locatiooroed in a minimal (within year) set of 15
location with the highest genotype by location iat¢ion, while “+” means such occurring in
three year series of trials

Years n — list of years in which location occurred in théimal set of 15 locations with the
highest interaction

At least partly performed analyses confirm condasi from a paper by
Pilarczyk and Fra(2010) that properly chosen set of about 15 locatican
satisfactorily describe the genotype—environmetaraction.

It is interesting to observe that some localitiBaqostowo, Ruska Wige
Wrdécikowo) that occur here in the minimal subsetbfplaces with the highest
interaction, occurred also in such subsets whepssef trials on winter wheat
was analyzed, see Table 4 in a paper by PilarcagkFaa (2010). All these
stations are characterized by relatively good saild by placement in north—
east part of Poland with the most severe climaimadions.

Slightly different approach to identify locationsthvsimilar contribution to
the genotype—environment interaction was applied Rikarczyk (1983) in
analysis of series of potato trials. He appliedstdu analysis aimed at forming
groups of locations with similar interactional effe of analyzed varieties.
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6. Conclusion

Performed analysis of three year series of spriaded trials allows to
conclude that, the minimal set of locations forisfattory assessment of
genotype—environment interaction should consisabfeast 15 experimental
stations chosen according to their contributiothed interaction. Locations with
higher contribution are preferable. Locations that not contribute to the
genotype—environment interaction neither in yeamalyses nor in over—year
analysis can be discarded from the list of placemhduct trials with no serious
harm to the assessment of interaction.
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