‘Feniks’, ‘Anatoliyivka’, ‘Oksana’, ‘Berehynia’ were noticeable for increased protein content. The
average protein content was 41-42%, but in some years it reached 46%.

Contents of trypsin and lypoxygenase inhibitors in seeds were very variable. ‘Yuvileina’, ‘Don-
ka’ and ‘Znakhidka’ had the lowest amounts of trypsin inhibitors (28.6-36.1 mg/kg), and ‘Us-
tia’, ‘Eldorado’, ‘Romantyka’, ‘Kyivska 98°, and ‘Yug 30’ had decreased activity of lypoxy-
genase (0.33-0.38 Units).

Conclusions. We demonstrated that natural hybridization based on pollen sterility genes in-
creased the hybrid number by 6 times in comparison with manual crossing. Varieties and col-
lection accessions with high productivity parameters, high protein content and other economi-
cally valuable features were selected in dry years.

Key words: soybean, starting material, gene sterility, natural hybridization, drought resistance,
productivity, protein content in seeds
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AMMI (ADDITIVE MAIN EFFECT AND MULTIPLICATIVE INTERACTION) MODEL
FOR ASSESSMENT OF YIELD STABILITY OF SPRING BARLEY GENOTYPES

Solonechnyi P. M., Kozachenko M. R., Vasko N. I., Naumov O. G., Solonechna O. V.,
Vazhenina O. Ye., Kompanets K. V.
Plant Production Institute nd. a V. Ya. Yuriev NAAS, Ukraine

The article presents results of AMMI analysis of yield capacity and phenotypic stability of 8
promising spring barley lines and 2 standard varieties. The study indentified genotypes that consist-
ently fulfill their genetic potentials under contrastive hydrothermal conditions: lines 06-652 (G4)
and 09-837 (G8). Line 09-837 named as ‘Lord” was submitted to the state variety trial. Benefits of
AMMI analysis for assessment of breeding material at the final stage of breeding are shown.

Key words: AMMI, ASV, spring barley, genotype-environment interaction, yield capacity,
stability, line

Introduction. Taking into account climatic changes in the world and Ukraine, it is im-
portant to develop varieties that combine high yields with resistance to unfavorable environmental
conditions in the modern era of breeding. Development of varieties adapted to specific agro-
ecological conditions is the most expedient, since every variety has unique compensatory effects.
Adaptive capacity of a variety is specific; hence breeding of cereals, including spring barley, should
be closely associated with environmental conditions of an area, where a variety is developed.
Drought is the most severe abiotic stress in the production of cereals, including barley, and intensi-
ty, duration and prevalence of drought are the biggest risks of instability in grain production.

Climatic changes necessitate the creation of varieties with high environmental stability,
which can ensure the production of barley grain in the amount sufficient for the food security of
this country. To select genotypes combining drought tolerance with high performance, evaluation
of breeding material for depression in yields during dry years versus moisture-sufficient years is
rather informative.

Therefore, statistical methods of calculation of adaptive capacity and environmental sta-
bility indices are among key lines in investigations of ‘genotype-environment’ interactions. Eval-
uation of adaptive capacity of genotypes and identification of conditions suitable for the maxi-
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mum fulfillment of their potentials are necessary components of knowledge upon the develop-
ment of varieties and hybrids.

Analysis of literature, problem statement. ‘Genotype-environment’ (G x E) interaction
is a determinant feature, when highly adapted spring barley forms are created, and promising
lines are submitted to the state variety trials. There are several statistical methods, which can de-
termine the effect of G % E interactions on yields, distinguish varieties in which this effect is min-
imal and predict phenotypic response to environmental changes. Linear regression analysis, non-
linear regression analysis, multivariate analysis and nonparametric statistics are the most common
methods [1, 2, 3]. The method of principal components is one of the most effective methods for
quantification of G x E interaction and evaluation of yield stability [4, 5, 6, 7].

Analysis of variance (ANOVA) is a simple additive model, in which G x E interaction is a
source of variation, but its internal effects are not analyzed. In contrast, principal component
analysis (PCA) is a multiplicative model and, hence, it does not represent additive main effects
either of environment or of genotype [8]. AMMI (additive main effects and multiplicative inter-
action) model includes ANOVA and PCA in a single approach, therefore it can be applied to ana-
lyze data of environmental trials [9, 10, 11]. AMMI uses ANOVA to verify the main effects of
genotype and environment; it uses PCA for analysis of the residual multiplicative interaction be-
tween genotypes and environment to determine the sum of squares of G x E interaction with the
minimum number of degrees of freedom. Since ANOVA and PCA are parts of AMMI model,
this model is one of the most effective to characterize G X E interaction [9].

In addition, AMMI simultaneously quantifies the contribution of each genotype and envi-
ronment to the sum of G x E squares and provides easy graphical interpretation of data by con-
structing a biplot [9, 12]. Therefore, it is easy to select productive varieties with wide adaptabil-
ity, to perform agronomic zonation of varieties with certain adaptability and to determine optimal
for trials conditions [9, 12, 13].

The aim and tasks of the study. The purpose of this study was to evaluate the adaptabil-
ity and yield stability of spring barley lines using AMMI analysis and supportive nonparametric
statistics in order to select genotypes with high performance and phenotypic stability due to de-
creased effects of G x E interaction.

Material and methods. The study was conducted in the Laboratory of Barley Breeding
and Genetics of the Plant Production Institute nd a VYa Yuriev NAAS in 2012-2015. Eight orig-
inal promising lines and 2 two standard varieties (‘Vzirets’ and ‘Komandor’) of spring barley
were taken as starting material for the study.

Adaptability and stability were analyzed by the AMMI method described in Zobel R. W.
et al. [9], using the following statistical model (1):

Y=pu+gi+ ¢+ Xg—neatuyjx + 1ij + &; @

whereY;- averageresponseofgenotypeiinenvironmentj; u- grandaverage; gi- fixe-
deffectsofgenotypei(i = 9); &- randomeffectofenwronmentj (4=1, 2, ..1), & averageer-
roroftheexperiment; Ax - unlquevalueofthekt analy5|sofapr|nC|palcomponentoﬂnteractlon (IPCA)
(k = 1, 2, .. p, wherepisthemaximumnumberofestimatedprincipalcomponents); aix-
singularvalueforthei™genotypeinthek™IPCA,; yj(- uniquevalueofthej"environmentinthek™IPCA; r;-
errorof G x Einteractionor AMMIresidue; k- characteristicnon-zeroroots, k= (1, 2, ... min (G -
E-1).

The level of phenotypic stability of genotypes was determined by ASV (AMMI stability
value), which was calculated according to formula (2), as described by Purchase JL [14]:

SIPC1
ASV = \/[SSIPCZ (IPClscore)z] + (IPC2score)? (2)

where SSIPC1 and SSIPC2 are the sums of squares of the 1 and 2™ principal components
of interaction; IPC1score and IPC2score are values of the 1% and 2™ principal components of
interaction of genotype.
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The yield stability index (YSI) was calculated using formula (3):
\'YSI =RASV +RY (3)

where RASV - rank of genotype based on ASV level; RY - rank based on yield ().
The stability index (SI) was calculated according to formula (4), as described by Ba-
barmanzoor A. et al. [15]:

Y—-on)

Sul = ( YM

) x 100  (4)

where Y - average performance of genotype; on - standard deviation, YM — maximum per-
formance of genotype in any environment.

The data on yields of spring barley genotypes were mathematically processed using the
program CropStat 7.2.

Results and discussion. Contrastive hydrothermal conditions in the study years allowed
reliable estimating genotypes in terms of stability and adaptability. For example, 2013 and 2015
were not entirely favorable for growth and development of barley plants. Typically, plants suf-
fered from drought (0-66% of normal rainfall) at high air temperature (by 2.3-6.0° higher than the
norm). In 2013, unfavorable conditions (34-39% of normal rainfall; temperature by 1.1-5.4°
higher than the norm) were during the tillering and ear initiation periods as well as during the
filling stage, which also negatively affected the yields. It rained (140-163% of normal rainfall)
during anthesis, but rain showers were local and accompanied by squalls. 2014 was extremely
favorable for barley, which made it possible to evaluate the potential of genotypes for yield ca-
pacity.

In 2015, the weather conditions were not favorable, though sowing was started early on
optimum dates. However, the temperature fell drastically (to -6°C), it snowed, and sowing was
only continued 10 days later. During the sprouting-tillering period, there was insufficient rainfall
(37-56%), and there was drought at the end of filling (2% of normal rainfall). The average air
temperature was close to the norm, but it reached 32.0°C in some decades (June, barley anthesis)
and 33.8-35.9°C (July, filling-ripening). This negatively affected the tillering capacity and grain,
plumpness, reducing yields.

The average yield of the test varieties and lines ranged from 2.79 t/ha in 2013 to 6.55 t/ha
in 2014 (Table 1).

Table 1
Yield Capacity of Spring Barley Lines in 2012-2015, t/ha
Geg‘oogé’pe Variety/line 2012, E1l  2013,E2 2014,E3 2015 E4  Average
Gl Vzirets’ 4.60 2.23 6.71 473 457
G2 ‘Komandor’ 4.60 210 6.24 4.42 4.34
G3 05-393 431 3.81 6.58 4.36 477
G4 06-652 4.48 265 6.73 5.20 477
G5 08-2455 5.12 259 6.40 5.06 4.79
G6 09-791a 3.43 2.60 6.52 4.47 4.26
G7 09-2162 3.69 278 5.89 3.43 3.95
G8 09-837 475 3.16 7.16 5.04 5.03
G9 08-1385 5.08 3.27 6.90 5.18 5.11
G10 09-409 4.63 270 6.34 4.37 4.37
Average 4.47 2.79 6.55 4.63 4.61
IPCA 1 -0.559 0.104 0594  -0.540
IPCA 2 -0.747 -0.187 0470  0.465
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Analysis of variance divided the sum of squares of the yield capacity into effects of geno-
type, environment and genotype-environment (G X E) interaction (Table 2). The environment
effect contributed most of all to the variability (89.0%); the contributions of genotype and geno-
type-environment interaction were much weaker, accounting for 5.8% and 5.2% of the variance,
respectively. The strong effect of the environment factor in the total variance of yield capacity is
associated with significant fluctuations in hydrothermal conditions during the study. G x E inter-
action was additionally divided using the method of principal components. IPCA 1 and IPCA 2
account for 95% of the interaction variability, enabling us to evaluate the stability of genotypes
for these two components (Table 2).

Table 2
AMMI Model of Analysis of Variance of Yield Capacity of Spring Barley Genotypes

Percentage of

Source of Percentage of e
variability af S5 ms variabilitgy, % |;1/?errlzgtlllcl)tr¥o‘;)
Genotype(G) 9 4.611 0.512 5.8
Environment (E) 3 70.881 23.627 89.0
GxE interaction 27 4.131 0.153 5.2
IPCA1 11 2.858 0.260 69.2
IPCA 2 9 1.064 0.118 25.8
IPCA3 7 0.210 0.300 5.0
Total 39 79.624

The AMMI model does not include quantification of the stability degree, that is why Pur-
chase et al. (2000) [14] proposed ASV to evaluate it and to rank genotypes by yield stability.
ASV is the distance from the center (zero) in a two-dimensional scattergram with IPCAL (axis of
principal component of interaction 1) and IPCA2 (axis of principal component of interaction 2).
Since IPCA1 makes a greater contribution to the sum of squares of genotype-environment inter-
action (Table 2), it should proportionally contribute as compared to IPCA2 to compensate for a
share of relative contribution of IPCAL and IPCA2 to the total G x E interaction. The distance
from zero is determined using the Pythagorean theorem [14]. In the ASV method, the lower ASV
is, the more stable genotypes are. Accordingly, lines G4 and G8 were the most stable across the
test accessions, and lines G3, G7 and G9 showed significant variations in yields (Table 3).

Table 3
Yield and Statistical Indices of Stability of Spring Barley Genotypes

Geg‘:;gpe Variety/Line Y,tha Rank IPCAL IPCA2 ASV Rank YSI SI%
Gl ‘Vzirets’ 457 5 -0.415 0.128 0.693 4 9 408
G2 ‘Komandor’  4.34 7 -0.412 -0.202 0.705 5 12 423
G3 05-393 4.77 4 0.767 -0.175 1269 10 14 536
G4 06-652 477 4 -0.266  0.359  0.565 2 6 458
G5 08-2455 4.79 3 -0.482 -0.307 0.848 7 10  50.0
G6 09-791a 4.26 8 0.277 0.705 0.838 6 14 394
G7 09-2162 3.95 9 0.611 -0.273 1.039 8 17 441
G8 09-837 5.03 2 0.246  0.195 0.448 1 3 473
G9 08-1385 5.11 1 -0.708 -0.120 1.167 9 10 526
G10 09-409 4.37 6 -0.336 -0.310 0.632 3 9 439
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Stability in itself, however, is not the only parameter of genotype evaluation, because the
most stable genotypes do not necessarily have high performance [16, 17]. Hence, there is a need
for approaches that integrally assess the average yield and stability as a single index, which
prompted researchers to propose different criteria for simultaneous selection for yield and its sta-
bility [18, 19, 20, 21, 22, 23]. Since ASV is based on IPCA1 and IPCA2, which incorporate the
greatest share of variations in G X E interaction, ASV rank reliably assesses stability of geno-
types. The sum of ASV ranks and yield comprehensively evaluate genotypes for stability and
yield, giving so-called "yield stability index» (Y SI). Genotypes with the lowest YSI are deemed
the most stable and high-yielding. In our studies, such genotypes are lines 06-652 (G4) and 09-
837 (G8).

The stability index Sl is another integral parameter for simultaneous estimation of yield
and stability. A lot of authors used it to select stable genotypes [24, 25, 26]. The stability index
values were conveniently divided into 5 groups, namely: very low (<20%), low (21-40%), medi-
um (41-60%), high (61-80%), and very high (80%) [15] (Table 3). Most genotypes had a medium
Sl, and genotypes G1 and G6 only had slightly lower SI levels (40.8% and 39.4%, respectively).
These results prove that in our case SI was not an informative index for ranking genotypes by
yield and stability.

To illustrate the effects of each genotype and environment, we constructed AMMI1 (Fig.
1) and AMMI2 (Fig. 2) biplots, which are usually quite informative [11]. In Fig. 1, coordinate x
shows basic effects (average vyield), and coordinate y indicates the effects of genotype-
environment interaction (IPCA1). The closer genotype markers to the start of axis y are, the
smaller contribution to G x E interaction they make. In this case, lines G4, G6 and G8 were the
most stable. Across these genotypes, line G8 had the highest performance, which makes it the
most desirable genotype. Line G4 is also a valuable genotype, since it is superior to standard va-
rieties in terms both of the average yield and of stability.
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Fig. 1. AMMIL1 Biplot (IPCAL vs. average yield) for 10 spring barley genotypes in 4
environments

Environment E2 was characterized by a low level of interaction and low performance,
while E3 had high levels of interaction and performance.

AMMI2 biplot based on IPCAL and IPCA2 also distinguished lines G4 and G8 as the
most stable genotypes, since they were closest to the biplot center. On the other hand, G3 and G9
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genotypes were the most unstable, i.e. their performance depends on specific cultivation condi-
tions. According to the AMMI2 model, unlike the AMMI1 model, genotype G6 with high IPCA2

is not stable.
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Fig. 2. AMMI2 Biplot (IPCA1 vs. IPCA2) for 10 spring barley genotypes in 4 environments

The results of graphical analysis using AMMI1 and AMMI2 confirm the data obtained by
computing ASV and YSI, making it a robust alternative to mathematical calculations.

Conclusions. The Plant Production Institute nd. a VYa Yuriev NAAS investigates spring
barley response to changing weather conditions not only in Kharkiv region but also in other natu-
ral zones of Ukraine. Breeding material and varieties that can provide sufficient yields even under
the harshest droughts have been developed, which will contribute to solving the food challenge is
not only in our country but also worldwide.

The research using the AMMI model both with ASV and YSI computation and with con-
struction of AMMI1 and AMMI2 graphs highlighted lines 06-652 (G4) and 09-837 (G8) as the
most promising material. Line 09-837 named as ‘Lord’ was submitted to the state variety trial.
The stability index Sl turned out to be uninformative in our study.

We demonstrated a possibility of using AMMI analysis to assess adaptive features of
promising breeding material at the final stage of breeding.
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AMMI (ADDITIVE MAIN EFFECT AND MULTIPLICATIVE
INTERACTION)MOAE/JIBOIIHKHCTABLIBHOCTIITEHOTHITIBAYMEHIOAPOI O
Cononeunuii [1. M., Kozagenko M. P., Bacsko H. 1., HaymoB O. I'., Cononeuna O. B., Baxenina
O. €., Kommanens K. B.

[ncturyt pocnunnunTsa im. B. f. IOp’eBa HAAH, Ykpaina

Mera i 3agaui gociigxennsa. Meroro AaHHUX JOCHIKEHb Oylia OIiHKA aJanTUBHOCTI Ta cTaldi-
JBHOCTI BPOXKAWHOCTI JIHIM SYMEHIO siporo 3a gornomororo AMMI anaii3y i TOOMIKHUX He-
napaMeTpUYHUX CTATHUCTUK JUIs 10OOpY M€HOTHIIB 3 BUCOKOIO MPOAYKTHUBHICTIO Ta ()€HOTH-
MTOBOIO CTaOUIbHICTIO, 3aB/ASKU MiHIMaIbHUM edexktam G x E.

Marepiaa i metoauka. J{ocnimkenns nposeaeHo npotsrom 2012-2015 pp. y maboparopii cene-
K111 Ta reHeTHKu suMeHto [HetutyTy pocnunHunTea im. B. 5. FOp’eBa HAAH. Buxigaum ma-
TepiajoM JJsl TOCHiKEHHs Oylu BiCiM MEpPCHEKTHBHUX JIIHINA SUMEHIO SIPOTro Ta J[Ba COPTHU-
cra"naptu B3ipens 1 Komannop. AHani3 aganTUBHOCTI Ta ¥ CTa0LIBHOCTI 3/11IHCHIOBAJIH 32 J10-
nomoroio Meroga AMMI 3a Zobel et al. (1988).

OO0roBopeHHs! pe3yJbTaTiB. 32 JOIOMOT'0I0 JUCIEPCIHHOrO aHalli3y BapiabeNbHICTh YpOKaHO-
CTi OyJ10 po3AiJIeHO Ha e(eKTU TeHOTHUIlY, OTOUYIOUOrO CepeIOBUINA Ta B3a€MOJIIF0 T€HOTHUII-
cepenoBuiie. HaitOupiy 4acTKy B 3arajibHii qucriepcii ckiaaany eQeKkT 0OTOUyrUYoro cepe-
nosuma — 89,0 %, epekTy reHOTHIy Ta B3a€MOJIi T€HOTHUM-CepeoBUIIle OyIU 3HAYHO MEH-
mumu — 5,8 % u 5,2 % BianoBigHO. B3aeMoito reHoTUIT-cepeoBuIIe OyiI0 JOIaTKOBO PO3-
MOJILIEHO 32 AOMOMOror Metoza roioBHUX komnoHeHT (PCA). Tlepmri asi Bici PCA Bu3Hava-
nu 95 % Bixg BapiabeTbHOCTI B3a€EMO/IIi TEHOTHIT-CEPEOBHIIIE, 110 JO3BOIMIO OIIIHUTH CTa0i-
JBHICTh TEHOTHUIIB 3a IIMMHU JBOMa KomroHeHTamu. HaiiHmxuuit piBerbr ASV cepen gocii-
JOUKEHUX TEHOTHIIIB 1, BIATIOBIAHO, MAaKCUMAJIbHY CTaOUIbHICTE May JiHii 06-652 (G4) Ta 09-
837 (G8), a minii 05-393 (G3), 09-2162 (G7) ta 08-1385 (G9) xapakTepu3yBaIUCh BHCOKOIO
BapiabenpHICTIO BpoxkaiHOCTI. JIiHii 06-652 1 09-837 Takox XapaKTepu3yBalHCs BUCOKUM pi-
BHEM IHTETpajibHOTO MOKa3HUKa Y SI, AKuil Mo€eaHy€e BPOXKaWHICTh Ta ii CTaOUIBHICTb, 110 PO-
OUTHh I1X HAWLIHHIIIUM CeJeKIIiHUM MaTepiaioM. ['padiunuil aHami3 13 3aCTOCYBaHHSIM
AMMII1 Ta AMMI2 6imnot noka3anu Ha reHoTunu 06-652 (G4) 1 09-837 (G8) sk HalIIHHIIII.

BucnoBku. Pe3ynbratu gociikeHHS SIK 3 BUKOpUCTaHHAM Moka3HUKIBASV 1 YSI, Tak 1 3a no-
nomoror nmodynosu rpadikie AMMIL i AMMI2, nokazanu, o minii 06-652 (G4) ta 09-837
(G8) € naitnepcnektTuBHImM MatepiasioM. Jlinito 09-837 OGyno mepemano no Jlep:kaBHOTO
coproBunpoOyBanHs YKpainu mix Ha3Boro [lan. [naekc criiikocti Sul BusiBUBCS HeiHdopMma-
TUBHUM Y HaIlIUX JOCTIHKEHHSIX. TaKuM YMHOM, TTOKa3aHO MOXJIMBICTh BUKOpUCTaHHS AMMI
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aHaI3y JUIsl OI[IHKH aJIaNITUBHUX OCOOIMBOCTEH MEPCIEKTUBHOTO CEJICKIIMHOTO MaTepially Ha
3aBepIIAIbHUX €Tarax CeIeKIiHHOTO MPOIIeCy.

Knrwwuosi cnosea: AMMI, ASV, aumins apuil, 83aemo0is ceHomun-cepedosuuye, yporcauHicmo,
cmabinbHicmb, IHIA

AMMI (ADDITIVE MAIN EFFECT AND MULTIPLICATIVE INTERACTION) MO/JEJTb
OIIEHKH CTABH/IBHOCTH 'EHOTHIIOB AYMEHA APOBOI' O

Comnoneunsii [1. H., Kozauenko M. P., Bacsko H. U., HaymoB A. I'., Cononeunas O. B.,
Baxenuna O. E., Komnanen K. B.

Huctutyt pacrenueBoactsa uM. B. A. FOprea HAAH, Ykpauna

Heab u 3anaum ucciaenoBanuii. Llenpio qaHHBIX KccieToBaHUM ObUIa OLIEHKA aJJalTUBHOCTU U
CTaOMIIBHOCTH YPOXKAMHOCTH JIMHUM sTAMeHs sipoBoro ¢ nmomouibio AMMI ananusa u Bciomo-
raTeJIbHBIX HelapaMeTPUUYEeCKUX CTAaTUCTHK JJIsl 0OTOOpa T€HOTHUIIOB C BHICOKOW MPOIYKTHUBHO-
CTBIO U (DEHOTUIMHMYECKON CTa0MIIbHOCTRIO, O1arogapss MUHUMAIbHBIM ¢ dextam G x E.

MarepuaJj u MeToanKa ucciaeaoBanni. Mccienopanus nposeaeHsl B Teuenun 2012-2015 rr. B
nabopaTopun CENEKIUHN U TeHeTUKU stuMenst MHctuTyTta pacrenueBoacrtsa um. B. S1. FOpbea
HAAH. VcxoaHbiM MaTepralioM ISl UCCIIEIOBAHUN CITY>KWJIM BOCEMb MEPCIEKTUBHBIX JIMHUN
SITUMEHSI IPOBOTO M JIBa copTa-ctannapta Baupen n Komangop. AHanu3 aganTUBHOCTH U CTa-
OMIIBHOCTH OCYIIECTBIISLIH ¢ oMol metoga AMMI o Zobeletal. (1988).

Oo6cy:xkaenne pe3yabTaroB. C MOMOIIBIO AUCIIEPCHOHHOTO aHAIM3a BapHUaleIbHOCTh ypOxkKai-
HOCTH ObliIa pazjaeneHa Ha ) (eKThl FeHOTUIIA, OKPYIKAIOIIEH Cpebl U B3aUMOJICHCTBUS T€HO-
Tumn-cpena. Hanbonpimyro 100 B 00mIEH TUCTIEPCUU COCTABISLIN A((EKTHl OKPYKAIOIICH
cpenbl — 89,0 %, 3ddeKTh TeHOTUIIa U B3aUMOJICHCTBUS T'EHOTHUII-Cpeia ObUTM 3HAYUTEIBHO
Mmenbie — 5,8 % u 5,2 %, coorBeTcTBeHHO. B3aumojeiicTBue reHoTuI-cpeaa Obl1o JOMOTHU-
TEIBHO Pa3[eNICHO C MOMOIbI0 MeToaa riaBHbiXx kommoHeHT (PCA). Ilepsoie mBe ocu PCA
onpeaensiin 95 % ot BapraOeabHOCTH B3aUMOJICHCTBUS T€HOTUII-CPEa, YTO MO3BOJIUIIO OIle-
HUTh CTAOMIIBHOCTh T€HOTHIIOB MO A3TUM JIByM KommoHeHTam.HaumMenbmmii ypoBenr ASV
CpeIu UCCIEIOBAaHHBIX T€HOTUIIOB U, COOTBETCTBEHHO, MAKCUMAJIBHYIO CTAOMIHBHOCTh UMEIN
muanr 06-652 (G4) u 09-837 (G8), a muauun 05-393 (G3), 09-2162 (G7) Ta 08-1385 (G9) xa-
PaKTEepU30BAINCH BBICOKOM BaprabenbHOCThIO yposkaHOCTH. JInnum 06-652 u 09-837 Takxke
XapaKTepU30BAINCh BBHICOKHMM YPOBHEM MHTErpajbHOro mokazartensYSl, coueraromero ypo-
KAWHOCTh U €€ CTAOUIILHOCTh, UTO JIeJIaeT X HauOoJee IIEHHBIM CEJIEKIIMOHHBIM MAaTEPHUAJIOM.
I'paduueckuit ananu3 ¢ ucnoabzoBanueM AMMI1 1 AMMI2 6unnor yka3ajiu Ha T€HOTUIIBI
06-652 (G4) u 09-837 (G8), kak HauboJIee IIEHHBIE.

BriBoabl. Pe3ynbrarsl HcclieIOBaHUM, KaK C UCIONIb30BaHUEeM MokazaTennehASV u YSI, Tak u ¢
nomouipio nocrpoenust rpapukoB AMMI1 u AMMI2, nokasanu, yro auHuu 06-652 (G4) u
09-837 (G8) aBnsitoTcst HanOoJee MepcneKTUBHBIM MaTepuanom. Jiuaus 09-837 Obuia nepena-
Ha B ['ocynapCTBEHHOE COpTOUCTIBITaHUE YKpanHbl o Ha3BaHueM [lan. UHaekc ycTtondnBo-
ctu Sul okazancs HeMH()OPMATHBHBIM B HAIIUX UCCIIEAOBaHUSX. TakuM oOpa3oM, MoKazaHa
BO3MOXKHOCTh MCTONB30BaHuss AMMI ananm3a a1 OIEHKH aJanTUBHBIX OCOOCHHOCTEH mep-
CHEKTUBHOTO CEJIEKIIMOHHOTO MaTepHala Ha 3aBEpIIAIOIIUX dTanax CEJIEKIIMOHHOTO MpoIiecca.

Knroueswvie cnosa: AMMI, ASV, sumens sapogotl, 83aumoodelicmsue 2eHOmMun-cpeoa,
VPOUCAUHOCHb, CIAOUTLHOCb, TUHUS
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AMMI (ADDITIVE MAIN EFFECT AND MULTIPLICATIVE INTERACTION) ANALYSIS
OF STABILITY OF SPRING BARLEY GENOTYPES

Solonechnyi P. M., Kozachenko M. R., Vasko N. I., Naumov O. G., Solonechnaya O. V.,
Vazhenina O. Ye., Kompanets K. V.

Plant Production Institute nd. a V. Ya. Yuriev of NAAS, Ukraine

The aim and tasks of the study. The purpose of this study was to evaluate the adaptability and
stability of the yield capacity of spring barley lines using AMMI analysis and supplementary
non-parametric statistics for selection of genotypes with high productivity and phenotypic sta-
bility due to the minimal G x E effects.

Materials and methods. The research was conducted in the Laboratory of Barley Breeding and
Genetics of the Plant Production Institute nd. a VYa Yuryev NAAS in 2012-2015. The start-
ing material for the study was 8 promising lines of spring barley and two varieties-standards,
‘Vzirets’ and “Komandor’. Adaptability and stability were analyzed by the AMMI method ac-
cording to Zobel et al. (1988).

Results and discussion. Analysis of variance divided variability of the yield capacity into the
effects of genotype, environment and genotype-environment interaction. The environment ef-
fects accounted for the greatest share in the total variance accounted for environmental effects
- 89.0%; the genotype and genotype-environment interaction were significantly lower — 5.8%
and 5.2%, respectively. The genotype-environment interaction was further divided by princi-
pal component analysis (PCA). The first two PCA axes determined 95% of the genotype-
environment interaction variability, which allowed us to estimate the stability of genotypes by
these two components. Across the test genotypes, the lowest ASV and, accordingly, the max-
imum stability, were observed for lines 06-652 (G4) and 09-837 (G8), and lines 05-393 (G3),
09-2162 (G7) and 08-1385 (G9) were noticeable for high variability of the yield capacity.
Lines 06-652 and 09-837 were also characterized by high values of the integral YSI index
combining yield capacity and its stability, making them the most valuable breeding material.
Graphical analysis using AMMI1 and AMMI2 biplot highlighted genotypes 06-652 (G4) and
09-837 (G8) as the most valuable ones.

Conclusions. The results both of using YSI and ASV parameters and of constructing AMMII
and AMMI2 graphs showed that lines 06-652 (G4) and 09-837 (G8) were the most promising
material. Line 09-837 named ‘Pan’ was submitted to the state variety trial of Ukraine. Stability
index Sul proved uninformative in our research. Thus, we demonstrated a possibility of using
AMMI analysis to assess adaptive features of promising breeding material at final stages of
breeding.

Key words: AMMI, ASV, spring barley,genotype-environment interaction, yield capacity,
stability,line
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