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Summary

Yield data of 29 covered grain oat cultivars testetbss 6 environments and 14 naked grain
oat cultivars tested across 5 environments dutiieg2008 growing season were analyzed using
the GGE (i.e., G, genotype + GEI, genotype-by-eminent interaction) biplot method. GGE
biplot analysis is an efficient method which is édon principal component analysis (PCA) to
fully explore multi-environment trials. It allows\asual examination of the relationships among
the test environments. GGE-biplots for the envirenta were compared with the correlation
coefficient respectively within 6 covered grain oattivar environments as well as within 5 naked
grain oat cultivar environments. So-called ideaviemment has been determined. The ideal
environment among 6 environments of covered graincaltivars was Polanowice (POB). Po-
lanowice (POB) turned out to be also the ideal emvitent among 5 environments of naked grain
oat cultivars.
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1. Introduction

Multi-environment yield trials (MEYTSs) are usedittentify superior geno-
types in plant breeding programs. This is not asydask due to the frequent
presence of GEI (Hill et al. 1998, Annicchiarica02Q Baker 2002; Kang 2002;
Yan and Kang 2003). The measured yield of eachtgpadn each tested envi-
ronment is a measure of an environment main efi€¢ta genotype main effect
(G), and the genotypexenvironment (GE) interactigan and Kang 2003,
Dehghani et al. 2006). The presence of GEI detasnam immediate use of the
means across environments. That is the reason kddifferences between
genotypes are ignored in the pattern of relativdop@ance over the environ-
ments (Voltas et al. 2002, Slafer et al. 2002). ¥aal. (2000) presented stan-
dard biplots to select the best performing cul8var subsets of sites. GGE-
biplot, developed by Gabriel (1971), is construcbhgdthe first two principal
components (PC1 and PC2) derived from analysis nefrenment-centered
yield data. GGE-biplot can be useful to identifgatimination and representa-
tion of test environments (Yan et al. 2001).

Research on genotypes across environments ainnhyoabidentification of
superior genotypes, but also at determining ifdineed region can be subdivided
into different mega environments (Yan et al. 200@)pther words which envi-
ronments are similar in a mean of yield of studjedotypes and which environ-
ment is ideal (i.e. has the biggest discriminapogver in terms of the genotypic
main effects and is the most representative amtreneironments). The GGE
biplot methodology has been used to evaluate tteete/ironments in soybean
(Yan and Rajcan 2002), winter wheat (Yan and H@®&12, cotton (Blanche and
Myers 2006), common bean (Kang et al. 2006), w(idatris et al. 2004) and in
target cultivars within specific rice environme(amonte et al. 2005).

The aim of this research was to use GGE-biplotraento find the ideal
environment and identify the most discriminatingl aepresentative environ-
ments for covered grain oat and naked grain oatraggly.

2. Materials and methods

29 covered grain oat cultivars were grown in 6 mwinents (CHD —
Kopaszewo, MAH — Mataszyn, POB — Polanowice, SO8obiejuchy, STH —
Strzelce, SKR — Skrzeszowice) and 14 naked grdirctivars were grown in
5 environments (the same environments except f& SkKkrzeszowice) during
the 2008 growing season. Details of general chariaetion of 6 environments
are presented in the Table 1.



ANALYSIS OF OAT YIELD ENVIRONMENTS USING... 83

Table 1.Characterization of environments

Place Soil . Fertilize Date Precipitdion
(environ- Region Preceding NPK . in growing
ment) Type Crop (kg/ha) Sowing| Crop season (mnj)
Ko‘éﬁéewo Wielkopolskig Wheatsoil IV | Sugarbeet| 3257  1.04 3007  235.6
Mﬁ/ﬁi{zyn Lubuskie | Redzina and sanWinter triticale| 247.0 7.04 4.08 224.8
Po'gnooé’v'ce Matopolskie Less Sugarbeetff  181p 2803  6.08 3155
Sobiejuchy| Kujawsko- a
SOA Pomorskie Loamy sand lll b| Sugar beet 210.0 31.0 30.07 315.5
Stsr?r‘ﬂce t6dzkie Brunisolic Sugarbeet| 66.0  31.03 2507  166.
Skrzeszaica 1 oiopolskie |  D89raded | \iier wheat| 160.0|  1.04| 12,0 193.4
SKR chernozem

The data came from the preliminary experimentscivhvere conducted in
incomplete block design with three replicationseTivo-way ANOVA model
was performed for covered and naked grain oatvewliseparately. The linear
model for observations obtained in the experimeatsi follows:

Yo =H+G, + B, + B, +GEy, + &4 (2.1)

where y,, is the observation af” genotype G,) in thek” block (B, ) in
the h™ environment €,), u is the overall meanGEgh is interaction effects

between main effects arg],, represents a random error term.

GGE biplot analysis is an effective method, whistbased on a principal
component analysis (PCA), to fully explore multvennment trials. The first
two principal components (PC1 and PC2), which heenbderived from PCA
analysis of values of environment means, were occteduusing SAS macro
Biplot (Khattree and Naik 2000, SAS/STAT User's @&uR004). Biplot macro
utilizes the singular value decomposition (SVD)tle¢ matrixX. SVD can be
written using the rank factorization (Rao 1973) as

X=GH"', (2.2)
where theg by r matrix G and theh by r matrixH are both of rank. Each x;

is thus expressed ag =g’ h;, whereg;, is thei™ row of G andh;, is the "
column of H'. Gabriel (1971) suggested that teh points can be plotted on
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the plane giving a representation of s gh elements when the rank ¥f is
r=2. Mentioned representation is calletiplot of X. Hence, the singular value
decomposition oK is

X =UAV'=>"du,v, (2.3)
1=1

where A is ther by r diagonal matrix with positive diagonal elements
0,20,2...20, >0, U is theg by r matrix with columnsu,,...,u, such that

UuU'=1, andV is theh by r matrix with columnsv,,...,v,, such that
V'V =1. The approximation of dimension two f&rusing the method of least
squares is

X=ouV,+o,u,Vv, . (2.4)

From equation 2.3 we get an approximation biplatX¢ and the corre-
sponding goodness of fit is measured by

_O
W2_r—52'
Z|:1|

The vectorial view of the GGE-biplot shows the maationships among
the environments. The lines that connect the bipligin and the markers of the
environments are called environment vectors. Thygeabetween the vectors of
2 environments is related to the correlation codadfit between them. Environ-
ments that are highly correlated make an angleectoszero (if the environ-
ments are positively correlated) or an angle clos@80 degrees (if the envi-
ronments are negatively correlated). Environmemds are weak correlated will
make an angle close to 90 degrees. Thus, similarigissimilarity of environ-
ments could be graphically determined by the bgphyt considering the angles.

Correlation coefficients among the environments eveomputed using
SAS procedure CORR and GGE-biplot charts were dsnggy SAS procedure
GPLOT (SAS/STAT User's Guide 2004).

(2.5)
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3. Results

The ANOVA showed that covered grain oat yield wami§icantly af-
fected by environments (E), which explained 93.9ff%he total (G + E + GEI)
variation, whereas G and GEI, which were significgn< 0.0001), accounted
for 1.80% and 4.30%, respectively (Table 2). Thaults of analysis of variance
naked grain oat yield are similar. Crucial E, G,|Gf < 0.0001) explained
87.41%, 8.80%, 3.79% of the total variation, resipely (Table 3). Gauch and
Zobel (1997) reported that in normal MEYTs E acdeuare about 80% of the
total variation while G and GE accounts are ab@36 kach.

Table 2. Analysis of variance of yield data of 29 coveredigmats genotypes across
6 environments

Source df Ss MS pvalue | %(G+E+GEI)
of variation
Environment (E) 5 163412.14 32682.4 <0.0041 93.90
Block(B) 102 11164.35 109.45
Genotype (G) 28 3125.54 111.63 <0.0001 1.80
GEI 140 7490.31 53.50 <0.0001 4.30
Error 246 5872.42 23.87

Table 3. Analysis of variance of yield data of 14 nakedmy@ats genotypes tested across
5 environments

Source df SS MS pvalue | %(G+E+GEI)
of variation
Environment (E) 4 40513.8]1 10128.45 <0.0001 87.41
Block(B) 55 2723.44 49.52
Genotype (G) 13 4078.48 313.73 <0.0001 8.80
GEI 52 1756.41 33.78 <0.0001 3.79
Error 85 710.48 8.36

The covered grain oat yield analysis of the fived PC’s showed that PC1
and PC2 were significant factors, explaining 46.42% 31.35% of GGE varia-
tion, respectively. They, together, accounted f@r77%. This score was
counted according to equation 2.5 and hence

40569 +33.342

w, = 5 = - > 5 =0.7777.
4056 +33.342% + 20.177° +15.95° +8.503¢ + 7.371F

For naked grain oats genotypes the first two PQjdatned 81.16% and
8.95% of GGE variation, respectively. Together ytlaecounted for 90.11%,
and were calculated as follows:
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3974 +132°

W= -~ . > =0.9011
39.742 +13.22 +11.032 +7.61F +3.577¢

Jolliffe (1972) used some simulation studies argfjssted that cutoff point of
the singular value®, for dropping undesirable principal components khba 0.7.

0.4+

SOA

PCA 2 (8.95%)

I I
-0.1 01 03 04 07 09
PCA 1(81.16%)

Fig. 1. GGE-biplot based on principal component for 5 emwvinents of naked grain
oats genotypes

GGE-biplots, which were based on environment fodusmling, presented
the pattern of environments of grain (Figure 1urég2). For naked grain geno-
types, environment PC1 resulted only in positiveres (Figure 1). This sug-
gests that PC1 represents proportional genotype gitferences across 5 envi-
ronments, which leads to a non-crossover GEI. POBe most discriminating
environment of the naked oat genotypes (the biggase of PC1) but MAH is
the most representative of the overall environméstsere PC2 is close to zero).
While for covered grain genotypes, environment R@dl both positive and
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negative scores (Figure 2) and it is cause of exigtossover GEI where a sig-
nificant change in genotype yield occurs from onginment to another are
not the same. POB and SKR are the most discrimiganvironments of the

covered oat genotypes but MAH is the most reprasieet again. The first

situation (PC1 scores are only positive) makesdéeetification of genotypes in

environments with larger PC1 scores easier (Yaal.eR000). In contrast to

environmental PC1, PC2 had both positive and negattores (Figure 1, Fi-
gure 2) so the crossover GEI was bigger, leadingigproportionate genotype
yield differences across environments (Yan et@DQ0).

0.4+ |

SOA ‘

! POB

PCA 2 (31.35%)

0.4+

-0.1 01 0.3 0.5
PCA 1 { 46.42%)

Fig. 2. GGE-biplot based on principal component for 6 emvinents of covered grain
oats genotypes

The correlation coefficients among the 5 test emrinents of naked grain
oats genotypes are presented in Table 4 and arhen@ test environments of
covered grain oats genotypes in Table 5.
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Table 4. Correlation coefficients (below diagonal) and theiralues (above diagonal) among the
5 test environments of naked grain oats genotypes

p-value
Correlation CHD MAH POB SOA STH
coefficients
CHD - 0.001 0.001 0.001 0.014
MAH 0.778 - 0.004 0.012 <0.0001
POB 0.776 0.715 - 0.008 0.002
SOA 0.779 0.646 0.669 - 0.092
STH 0.639 0.876 0.757 0.467 -

Table 5. Correlation coefficients (below diagonal) and theivalues (above diagonal among the
6 test environments of covered grain oats genotypes

p-value
Correlation CHD MAH POB SKR SOA STH
coefficients
CHD - 0.118 0.050 0.110 0.038 0.011
MAH 0.296 - 0.125 0.856 0.005 0.555
POB 0.367 0.290 - 0.022 0.349 0.01y
SKR -0.302 -0.035 0.422 - 0.199 0.966
SOA 0.385 0.500 0.180 -0.245 - 0.056
STH 0.462 0.114 0.438 -0.008 0.357 -

The vectorial view of the GGE-biplot (Figure 1, &ig 2) shows the inter-
relationships among the environments. Table 4 danthO correlation coeffi-
cients, 9 of them are significant at probability.G® All 5 test environments of
naked grain oats genotypes were positively cordlabecause all angles of
among them were smaller than 90° (Figure 1). Taldentained 15 correlation
coefficients among the 6 test environments of cedegrain oats genotypes,
only 5 of which were significant at probability <08. The angles between the
vectors of environments (for example POB and SKBBRnd STH, SOA and
CHD, STH and CHD) which were correlated signifidarare smaller then 90°
(Figure 2). The rest of vectors of environments@fered grain oats genotypes
have angels on the GGE-biplot (Figure 2) smallarsifively correlated, e.g.
CHD and MAH), equal (not correlated, e.g. SKR andHJ or greater (nega-
tively correlated, e.g. CHD and SKR) than 90°. Safiscrepancies between
angles of mentioned vectors and correlation cdefiis are expected because
the biplot did not explain 100% of the GGE variatitYan 2002).
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The environments can be described as well discatinig genotypes in
terms of the genotypic main effect (the test emuinent should have large PC1
scores) or representing all the environments (@sé énvironment should have
small absolute PC2 scores). Such an ideal envirohiiserepresented by an
arrow pointing it (Figure 3, Figure 4). An averagmvironment is defined by the
average PC1 and PC2 scores of all environmentgseqted by a small circle and
sign E (Figure 3, Figure 4). Thus, using the idgaironment as the center, concen-
tric circles were drawn in order to help to vispalthe distance between each envi-
ronment and the ideal environment (Yan et al. 28@0; and Rajcan 2002).
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Fig. 3. Thecomparison of the environments to the ideal envirent for naked grain
oats genotypes

Among 5 environments of naked grain oat cultivacdaRowice (POB)
(Figure 3) is the closest one to the arrow. Thigirenment has a large PC1
score, while PC2 score is small. Among 6 envirorisi@h covered grain oats
genotypes the closest one is also Polanowice (REBire 4).
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Fig. 4. Thecomparison of the environments to the ideal envirent for covered grain
oats genotypes

4. Conclusions

1. The mixed ANOVA showed that covered grain oald/ias well as na-
ked grain oat yield was significantly affected Imwieonments, which explained
93.90% and 87.41% respectively of the total (G + GEI) variation.

2. The covered grain oat yield analysis of thet fivgo PC’s showed that
PC1 and PC2 were significant factors, explainingla% and 31.35% of GGE
variation, respectively. Together, they accounted #7.77%. For 14 naked
grain oats genotypes the first two PC’s explainédl8% and 8.95% of GGE
variation, respectively. Together, they accountedD.11%.

3. All environments of naked grain oats genotypesenpositively corre-
lated in spite of they differed in crop conditioddmost all the test environ-
ments of naked grain oats genotypes were signifiatiprobability <0.05 ex-
cept the correlation among SOA and STH environmeértgs pair of environ-
ments had the biggest angle on the GGE-biplottomais smaller than 90°. The
correlation among STH and MAH was the strongest thigl pair of environ-
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ments had small angle on the GGE-biplot and silgileC1 scores (e.i. naked
grain oats genotypes had similar yield in thesedmwaronments).

4. The vectors of test environments of coveredngeaits genotypes had
angles on the GGE-biplot smaller, equal or gratant90°. Only 5 correlation
coefficients among 6 environments of covered graEts genotypes were sig-
nificant at probability < 0.05. All environments ofvered grain oats genotypes
could be clustered into three groups accordindhéeo@GE-biplot and correla-
tion coefficients. SOA, CHD and STH formed the ffiggoup, they had small
angles on the GGE-biplot and similar PC2 scorastfey had crossover inter-
action on the similar level). The second group ¥aamed by POB and SKR.
This pair of environments had small angle on theEdiplot and similar PC1
scores. Last group consisted of MAH environmenwirich covered grain oats
genotypes achieved small yield but MAH was the megresentative of the
overall environments.

5. So-called ideal environment has been determified.ideal environment
among environments of covered grain oat cultivaad environments of naked
grain oat cultivars was Polanowice (POB). PolanewOB) had a high PC1
score, hence a good discrimination of the genotyp€R score was also high so
the POB cannot be a representative environment.
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ANALIZA SRODOWISK UPRAWY OWSA ZA POMOC A
METODY GRAFICZNEJ TYPU GGE

Streszczenie

Do analizy plonu 29 rodéw owsa oplewionego wr&dowiskach (miejscowéaiach) i 14 ro-
déw owsa nieoplewionego w &odowiskach wykorzystano metedraficzra biplot typu GGE,
(G - efekt gtowny genotypow + GEI efekt interakggnotypowosrodowiskowej). Metoda gra-
ficzna biplot typu GGE, oparta na wynikach analsifadowych gtéwnych PCA, pozwolita na
poréwnanie plonu rodéw z wielu miejscoéeo (srodowisk). Biploty typu GGE dla miejscoda
poréwnano ze wspoitczynnikami korelacji pedry miejscowéciami dla plonu rodéw owsa
oplewionego i nieoplewionego agmie. Wyznaczono tzw. ,idealngodowisko”. Idealnyméro-
dowiskiem, spéréd 6 miejscowéci, w ktorych badano rody owsa oplewionego bylyaPolwice
(POB), ktore okazaly sirowniez idealnym$rodowiskiem dla rodéw owsa nieoplewionego.

Stowa kluczowe:analiza skladowych gtownych, biplot, efekty GGE i@svnieoplewiony, owies
oplewiony
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